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Executive Summary e

A model for the distribution of waste particle sizes at the time and scale of inadvertent human intrusion
of the Waste Isolation Pilot Plant (WIPP) transuranic (TRU) waste repository during the 10,000-year
regulatory post-closure period has been developed in this report by an Expert Panel. However, definitive
information on which to objectively base this model is not available and cannot be obtained. Instead, it
must be based on the judgment of qualified and unbiased experts, consistent with all available

information. This report documents the process and results of the expert elicitation.

The expert elicitation was administered by the U.S. Department of Energy (DOE) Carlsbad Area Office
{CAOQ) Technical Assistance Contractor (CTAC). The expert elicitation was conducted in response to a
request from the U.S. Environmental Protection Agency (EPA) and was conducted in compliance with
applicable EPA regulations, and 2 CAO procedure and plan, and a CTAC deskiop instruction.

The expert elicitation process consisted of a third-party elicitor guiding a six-person panel of experts
through the process of resolving the technical issue, and included extensive public and other interested
party involvement opportunities throughout. The process consisted of the following 11 main steps:

1. Definition of technical issue(s) - The technical issue was defined as follows:

What is the conditional probability distribution for the waste particle size frequencydistribution (i.e.,
in terms of percent of the number of particles exceeding a particular size) at a random areal location,
at a specified vertical location in the waste room, time and scale, given the initial waste inventory
and the predicted extent of each relevant process at that Jocation, time and scale, both just before an
intrusion and after tensile failure during a spalling event.

2. Public notification - The public and other interested parties were notified in a variety of ways at least
10 days before the elicitation began.

3. Selection and contracting of experts - A qualified and unbiased group of six available experts
covering the relevant technical areas was identified and selected through a formal process (resumes

are attached).

4 General orientation and eliciiation training - The experts were provided background reading
materials before the elicitation, and then were given orientation and probability training on May 5,
1997, when they convened in Carlsbad, New Mexico. The public and other interested parties were
invited to observe the orientation and the training (viewgraphs are attached).

5. Presentation and review of issue(s) - Technical background (e.g., performance assessment [PA]
results and waste particle size information) was then presented by Sandia National Laboratories
(SNL) and by the New Mexico Environmental Evaluation Group (EEG) on May 5 and 6,
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respectively, to the experts and to observers. The various processes that can affect particle sizes

were identified and discussed by the experis. These processes include corrosion of iron-base .
materials, biodegradation of organics, dissolution of magnesium oxide (MgO) backfill, cementation

of various materials by precipitation of dissolved salt, MgO reaction products, and corrosion

byproducts, and encapsulation of various materials by salt creep.

6. Preparation of expert analysis by elicitor - Consistent with the technical background, as discussed by
the experts, the elicitor developed a preliminary decomposition model for discussion.

7. Discussion of analysis by panel members - The elicitor presented the preliminary decomposition
model to the expert panel and to observers. The expert panel then discussed the model and agreed on
appropriate revisions to better reflect their judgment. The public and other interested parties were
invited to observe and comment. The model consists of the initial amounts and particle size
distributions of six material groups (i.e., 1. iron-base and aluminum-base metals; 2. other metals,
inorganics, vitrified, soils and cements; 3, salt fragments; 4. cellulosics and solidified organics;

5. rubber and plastics; and 6. magnesium oxide [MgO] backfill) that behave similarly, and the effects
of the various reduction and/or aggregation processes on their particle sizes. It was assumed that the
materials and processes are independent, and can thus be treated separately and then combined. The
particle size distribution model (in EXCEL spreadsheet format) which determines the particle size
distribution as a function of the predicted repository conditions (from performance assessment [PA]),
is attached.

8. Elicitation - Once the decomposition model had been finalized by the expert panel, the panel
assessed the various input parameters, guided by the elicitor. The public and other interested parties
were invited to observe and comment. The relevant parameters included the amount and initial waste
particle size distribution for each material group; the nature of any degradation byproducts and their
precipitation/cementation; and the nature of salt encapsulation.

9. Recomposition - The elicitor then synthesized and summarized the resuits of the elicitation, in the
form of a set of viewgraphs.

10. Review and approval, or dissenting opinions provided by the experts - The expert panel reviewed the
viewgraphs and agreed on appropriate revisions to better reflect the panel’s judgment. The public
and other interested parties were invited to observe and comment. Once satisfied, the experts signed
5 statement that the resulting set of viewgraphs adequately represented their judgment (viewgraphs
and signatures are attached).

\1. Documentation of the process and results - In addition to this report, which summarizes the process
and results and documented procedures and plans, the entire orientation, training, and elicitation
process in Carlsbad between May 5 and 9 was transcribed by a court reporter. These transcripts and

all the various presentation materials are available in the project file

A draft report was submitted on May 12, 1997, for public and other interested parties review and
comment. EEG submitted comments, which were reviewed by the expert panel and incorporated as
deemed appropriate by the experts in this final report. '

In summation, the results of the expert elicitation consist of a model for defensibly predicting waste
particle size distribution as a function of the extent to which various processes have occurred within
the repository, as predicted separately by PA. This spreadsheet-based model, which is attached and
illustrated schematically in Figure ES-1, can be linked between system PA models and specific .
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intrusion models, and assumes that the uncertainty in particle size distributions is dominated by the
uncertainty in repository conditions. However, the prediction of future repository conditions, the
implementation of the particle size distribution model, and the subsequent application of the results
of the model in PA are outside the scope of the expert elicitation.

1t should be noted that currently, only the average waste mix and conditions in the repository are
considered, which might not reflect the variable actual conditions except at large scale. If needed
and if supported by PA, the variability at smaller scales could be accommodated by the current
particle size distribution model with little additional work. '
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1. introduction

1.1 Purpose

This report describes the process that the U.S. Department of Energy (DOE) Carlsbad Area Office
(CAQ) Technical Assistance Contractor (CTAC) used to elicit expert judgment on a particular issue
pursuant to CAO Team Procedure (TP) 10.6, Rev. 0 (Expert Judgment) (DOE, 1997a), the CAQ Expernt
Panel Elicitation Plan, Rev. 2 (DOE, 1997b), and CTAC Experimental Programs desktop instruction
CTAC/EP-DI 1, Rev. 0 (CTAC, 1997), and the resuits obtained.

A model input variable related to the distribution of particle diameters in degraded Waste Isolation Pilot
Plant (WIPP) transuranic (TRU) waste was used in the WIPP Compliance Certification Application
(CCA) model (DOE, 19963) to calculate the volume of spall releases. Spall (and cuttings, cavings, and
brine) releases may occur as inadvertent human intrusions (boreholes) reach or penetrate the waste
emplaced in the WIPP repository during the 10,000-year period following the closure of the WIPP.
Because the distribution of particle diameters affects the quantity of material released, and because the
particle diameters are uncertain and cannot be estimated directly based on available data, the U.S.
Environmental Protection Agency (EPA) requested in letters dated March 19 and April 25, 1997
(Attachments I and II), that the waste particle diameter used in the CCA be based on an elicitation of
expert judgment. Although only a single particle diameter, as opposed to the entire population, was used
in each realization of the spallings model, the uncertainty in the actual population of particle diameters is
being assessed because this information is more informative, can be used to construct a mean of a
population for use in the CCA model, and is potentially applicable for use in other models (e.g., cavings
and transport of particles up the intrusion borehole).

1.2 Scope

This report documents the process and results of the expert elicitation on waste particle diameters at the
time of inadvertent human intrusion. In the absence of definitive direct data, resohition of the technical
issue must be done by elicitation of judgment of a qualified and unbiased expert panel, consistent with all
available information. It should be recognized that the probabilities that were assessed reflect the
experts' collective judgment in interpreting all the available information, considering the relevance of
various types of information {(e.g., representativeness, biases). Data do not replace judgment, but instead
constrain the results. Conceptually, given enough data, the results can be constrained to eliminate
alternative interpretations. However, this is generally not possible when extrapolating past information
into the future. Statistical analysis of the available data in such cases is useful but not sufficient.

Probability distributions are needed for the population of particle sizes of WIPP waste disposal room
contents that could potentially become part of an inadvertent release to the surface as a function of time.
A particle that is “potentially” spallable or cavable is 2 particle available for possible transport by fast-
moving gas or by drilling actions, respectively. These particles are “potentially” spallable or cavable
because the processes of transport by flowing gas or by drilling action to and up the borehole are not to
be considered in the development of these distributions. The only uncertainty being characterized is the
size of particles or aggregates of cemented particles at the time of inadverient intrusion, resulting from
consideration of the initial particle size distribution at the time of closure and the processes occurting in
the waste disposal area up to that time. Conditions, processes, and events that may occur in the waste
disposal rooms and that may affect particle size include the following:
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s the form and relative proportions of the materials initially emplaced (e.g., waste, wasic containers,
and magnesium oxide [MgO] backfill); .

« compaction of filled disposal rooms caused by creep closure;

¢ encapsulation of materials in disposal rooms, especially near the boundary of the room, by salt creep;
e brine inflow;

s phase changes associated with hydration of MgO backfill;

e the uncertain extent of anoxic cormrosion of iron (Fe)-base and aluminum (Al)-base metals;

. the uncertain extent of degradation of cellulosics and solidified organics;

« the uncertain exient of degradation of plastics and rubber; and

e cementation of waste by precipitated halite, anoxic corrosion products, and phases created by MgO
hydration and/or reaction with carbon dioxide.

Waste particles could be further affected by processes that occur during inadvertent intrusion, €.g.,
erosion/fragmentation of waste by gas pressure gradients created near the borehole or by drilling actions.

Not only is the uncertainty in the occurrence and extent of the above conditions, processes, and events

important, but also their variability at various scales across the repository. Because the extent of various .
processes (e.g., microbial degradation of cellulosic, plastics, and rubber) is very uncertain and is outside

the scope of this elicitation, conditional probability distributions will be described as a function of the

extent of such processes, in the form of a model.

As noted above, the prediction of future repository conditions is outside the scope of this elicitation.
Moreover, the implementation of the particle size distribution model and the subsequent application of
the results of the model in performance assessment (PA) also are outside the scope of this elicitation.
Lastly, although the radiocactivity associated with the particles is important in estimating release and

subsequent exposures, this is outside the scope of this study.

To enhance the defensibility of the results of the elicitation process, the process actively encouraged
public and other interested party participation and required adequate documentation. The public and
other interested parties were invited to: 1) submit information and/or interpretations which the group of
experts would consider; and 2) observe and comment on the elicitation process and results. To allow the
process 1o be replicated, it was thoroughly documented in accordance with applicable standards.

1.3 Institutional Background

Public Law 102-579, commonly referred to as the WIPP Land Withdrawal Act of 1992 (LWA), sets aside

a land parcel in the state of New Mexico from public use to be used for safe disposal of TRU waste
(Figure 1-1). Tt also directs the DOE to develop and safely operate a deep geologic repository for TRU
waste at the WIPP site in compliance with applicable regulations promulgated by the EPA.
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TRU waste consists of inorganic and organic solid and solidified waste materials that are contaminated
with both transuranic and hazardous constituents. The main EPA regulations that apply to this waste are
Code of Federal Regulations, Title 40, Part 191 (40 CFR 191), 40 CFR 194, 40 CFR 261, 40 CFR 264,
and 40 CFR 268. The 40 CFR 191 and 40 CFR 194 regulations pertain to the radioactive constituents of
the TRU waste, whereas 40 CFR 261, 40 CFR 264, and 40 CFR 268 pertain to the non-radioactive
hazardous constituents.

The DOE has characterized the WIPP site since 1974. The surface and a portion of the subsurface
facilities needed to commence the disposal of TRU waste at the WIPP site were completed in 1988
(Figure 1-2). The DOE submiued the CCA for the WIPP site in October 1996 to show compliance with
40 CFR 191 (and the related criteria regulation 40 CFR 194, which was promulgated by the EPA in
February 1996). On March 19, 1997 (Attachment I) the EPA advised the DOE that 13 of the parameters
used in the CCA PA to show compliance with 40 CFR 191 and 40 CFR 194 lacked supporting evidence.
On April 25, 1997 (Attachment II) the EPA advised the DOE that it had received adequate supporting
information on 12 of the 13 parameters listed in the letter of March 19, 1997. The EPA also advised the
DOE that it would accept expert judgment on the remaining parameter, the waste particle diameter(s),
during the 10,000-year post-closure period. The EPA informed the Secretary of Energy on May 16, 1997
(Attachment III) that the EPA had received “the full application™, per the August 7, 1996 amendment to
the LWA, and the EPA is currently evaluating the CCA. According to the LWA, as amended, the EPA
has until May 16, 1998 (i.e., one year) to either accept or reject the CCA.

1.4 Format

This report summarizes the process and the results of an expert panel elicitation administered by CTAC
on the WIPP waste particle diameter(s) during the 10,000-year regulatory period. This report consists of
the following sections: :

o Technical Background (Section 2) presents the relevant technical background regarding the potential
- types of materials and post-closure processes occurring in the repository. PA and the nature and
context of the technical issue are also discussed. This formed the basis for subsequent assessments,
as described in the remainder of the report.

o Technical Approach (Section 3) presents the approach used in this study to develop estimates of the
waste particle diameters at the time of inadvertent human intrusion, consistent with the technical
background presented in Section 2. This consists of developing a decomposition mode! for the issue,
subjectively assessing the parameters that quantify the model, and implementing the mode} with
those parameters, as described separately in the following sections. Orientation and training
materials and resumes for the expert panel manager, the selection committee members, the elicitor
and the subject-matter experts are presented in Appendices A and D, respectively.

s Decomposition Model (Section 4) presents the model for decomposing the issue of future waste
particle diameters. This consists first of concepts and then parameters and algorithms which quantify
the concepts and, when combined, produce a reasonable estimate of waste particle diameters at the
time of inadvertent human intrusion. The quantitative model is documented in Appendix B and the
concepts developed by the experts are documented in Appendix C. B

e  Parameter Assessments (Section 5) describes the information available regarding each model
parameter defined in Section 4, summarizes the rationale used by the experts in assessing each
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parameter, and presents the experts’ assessment of each parameter. The experts’ assessments are
documented in Appendix C. .

Results (Section 6) discusses the types of results of the model presented in Section 4, when
implemented with the parameter assessments presented in Section 5 and the results of PA. The
assessment of waste particle diameters at the time of inadvertent human intrusion is presented in a
format compatible with PA, as discussed in Section 2.

Conclusions (Section 7) presents conclusions regarding the process and results of the expert
elicitation on waste particle diameters at the time of inadvertent human intrusion, including potential
limitations.

References (Section 8) lists the relevant documents cited in the report.

Review and Approval (Section 9) provides confirmation by signature that each expert panel member
has reviewed and approved the Executive Summary and Sections 1 through 9 of this report.
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2. Technical Background

TRU waste (see Appendix A - General Orientation), along with other materials (e.g., packaging and
backfill), is scheduled to be emplaced in a deep geological repository at the WIPP site (Figures 1-1 and 1-
2). These materials may be subject to various processes over the 10,000 years following the closure of
the repository, which may change their physical/chemical characteristics, including their paruicle size.
The physical/chemical characteristics of the materials, in turn, may affect how the repository performs
with respect to regulatory criteria. As discussed in Section 1.1, waste particle diameters are of particular
interest. These aspects are discussed separately in the following subsections.

2.1 Materials

Various materials are scheduled to be emplaced in the WIPP repository. Each material comprises a
percentage of the total quantity of materials within the repository, has an initial particle size distribution,
and may be concentrated at various scales within the repository.

WIPP TRU waste comprises materials contaminated with transuranic radionuclides during activities
related to nuclear weapons production since 1970. The waste contains, for example, packing materials,
tools, protective clothing, manufacturing and laboratory equipment, and contaminated liguids solidified
with cements. The waste is placed in 55-gallon, plastic-lined drums, larger standard waste boxes
(SWBs), or canisters for ternporary storage, transportation, and disposal.

The TRU waste will be emplaced in disposal rooms mined into the approximately 600-m thick Salado
Formation halite (rock salt), approximately 655 m (2150 feet) below the ground surface (Figure 1-2).
The drums and boxes of waste will be stacked in disposal rooms that are approximately 4 m high, 10m
wide, and 91 m long. The waste containers will be emplaced with bags of magnesium oxide (MgO)
pellets as backfill that will tend to stabilize the chemical conditions in the disposal rooms. Remote
handled (RH) TRU waste contained in canisters will be placed horizontally in the walls of the repository
without additional MgO backfill.

Hence, the materials that will be emplaced in the repository as waste, packaging and backfill, include the
following (DOE, 1996b):

e iron-base metal/alioys - includes iron and steel alloys in the-waste, and iron-base metallic phase
associated with vitrification; are mixed throughout the repository; steel packaging and steel plug are
considered separately.

o  aluminum-base metal/alloys - includes alurninum or aluminum-base alloys in waste materials; are
mixed throughout the repository.

e other metal/alloys - includes all other metals found in waste materials (e.g., copper, lead, zirconium,
tantalum, lead portion of lead rubber glove/aprons); are mixed throughout the repository; lead
packaging is considered separately. -

e other inorganic materials - includes inorganic non-metal waste materials (e.g., concrete, glass,
firebrick, ceramics, graphite, sand, and inorganic sorbents); are mixed throughout the repository.
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e vitrified - includes waste that has been melted or fused at high temperature with glass-forming
additives (e.g., soil or silica) in appropriate proportions to result in a homogeneous glass-like matrix;
are in 7-drum packs; any unoxidized metallic phases are considered as iron-base metal/alloys.

s cellulosics - includes materials generally derived from high polymer plant carbohydrates (e.g., paper,
cardboard, kimwipes, wood, cellophane, cloth); are mixed throughout the repository.

o  rubber - includes natural or manmade elastic latex materials (e.g., Hypalon®, neoprene, surgical
‘gloves, rubber part of leaded-rubber gloves); are mixed throughout the repository.

o plastics - includes generally manmade materials, often derived from petroleum feedstock (e.g.,
polyethylene, polyvinyl chloride, Lucite®, Teflon); are mixed thronghout the repository; plastic
packaging is considered separately.

o solidified inorganic materials - includes any homogeneous materials consisting of sludge or aqueous
base liquids that are solidified with cement, Envirostone®, or other solidification agents (e.g.,
wastewater treatment sludge, cemented aqueous liquids, and inorganic particulates); are in 7-drum
packs; cement used as part of solidification process is considered separately.

e solidified organic materials - includes cemented organic resins, solidified organic liquids, and
sludges; are in 7-drum packs.

¢ cement (solidified) - includes cement used in solidifying liquids, particulates, and sludges; are mixed
throughout the repository.

e ' soils - includes generally naturally occurring soils contaminated with inorganic radioactive wasie
materials; are in 7-drum packs. ,

s steel packaging - includes containers (e.g., drums, boxes, and canisters); are in all waste containers;
steel in waste and steel plug packaging are considered separately. '

e plastics packaging - are in all waste containers; plastics in waste are considered separately.

e lead packaging - includes lead shielding in a remote handled (RH) canister; are located in room
walls; lead in waste is considered separately.

o steel plug - are located in room walis; steel in waste and steel non-plug packaging are considered
separately.

e  MgO backfill - includes pellets; are primarily at top and sides of waste room.

In addition to the above materials emplaced in the repository, salt fragrments may separate from the roof
and walls and mix with the waste, especially near the roof. :

The various materials in the WIPP repository and their relevant initial characteristics at the end of the
100-year active institutional control period are summarized in Table 2-1. The relevant initial
characteristics of each material include: ‘

e initial amount - The percentage of the initial total weight of all material emplaced within WIPP. .
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e spatial distribution - The varability in concentration throughout the repository (e.g., localized
pockets or uniformly distributed) at various scales.

Table 2-1 Materials

Expected Amount
{%Total Wt of Materials placed

Material in Repositm"r)2 Spatial Distribution
iron-base metal/alloys 12.6 throughout
aluminum-base metal/alloys 1.3 throughout
other metal/alloys 56 throughout
other inorganic materials 24 throughout
vitrified 40 in 7-packs
cellulosics 40 throughout
rubber 0.7 throughout
plastics ' 2.5 throughout
solidified inorganic materials 4.0 in 7-packs
solidified organic material 04 in 7-packs
cement (solidified) 3.7 throughout
soils 32 in 7-packs
steel packaging 114 all waste containers
plastics packaging 19 all waste containers
lead packaging 1.4 with RH in room walls
steel plug _ 6.5 with RH in room walls
MgO backfill 34.5 top and sides of room
salt Note 1 top of room

Note: 1. The amount of salt fragments was estimated, as discussed in Section 5.
2. The amounts of each matetial will vary among locations as a function of scaie, and will not equal the average
repository-wide average amounts except at large scale, as discussed in Section 2.4.

It is conceivable that some of the above materials will degrade in similar ways due to the processes that
will occur in the WIPP repository. If so, they can be combined and treated as one type of material. This
is discussed further as part of the decomposition model presented in Section 4.

2.2 Processes

The materials in the repository may be subject to various processes over the 10,000 years following
closure. These processes may affect the physical/chemical nature of the materials, and include creep
closure, brine inflow from the surrounding salt formation, chemical reactions that generate gas by anoxic
corrosion, possible gas-generating microbial degradation of cellulosic, plastics, and rubber, cementation
by precipitated phases, and encapsulation by localized salt creep. Radiolytic decomposition can also
occur, although it is anticipated to be relatively insignificant in comparison to the other processes. As
previously noted, erosion and/or tensile failure during borehole intrusion can also occur. These
processes are summarized in Figure 2-1, and are described in the following subsections (DOE, 1997D).
They are described in more detail in Section 4 in terms of how they are modeled.
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2.2.1 Crushing

WIPP disposal rooms reduce in volume as the surrounding halite (salt) creeps into the excavation,
depending on the pressure inside the room. Creep closure will tend to crush the waste containers,

exposing their contents to the conditions in th
individual waste containers deform and liners

e disposal rooms to a variable extent, depending on how the
rupture. Most of the creep closure occurs within 100 years

of waste emplacement, and will compact rooms and contents to heights less than 2 m. Inward-creeping
halite may also encapsulate materials, especially near the boundaries of waste stacks as salt crystals
deform, as discussed separately in Section 2.2.5. The crushing of waste containers and waste (as well as
encapsulation of waste near room boundaries) may affect the overall distribution of particle diameters.
Crushing by creep closure may also create mechanical bonding of waste as some components deform into

interlocking shapes, like puzzle pieces, which

2.2.2 Corrosion

occurs at many size scales.

A small quantity of residual liquid (less than one percent) is present initially in the emplaced waste, and
inflow of brine into the repository is expected. Metal in the waste, predominantly steel, will react
anoxically with water to generate hydrogen gas (increasing the gas pressure within the disposal room),

and iron hydroxides. Due to the abundance o

f steel in the waste and containers, anoxic corrosion of steel

has been determined to be the most important corrosion reaction and is the only corrosion reaction

calculated in performance assessment models

. The quantity of steel corroded, as well as the duration of

anoxic corrosion, is uncertain, depending on other conditions. For example, corrosion may stop early
because brine is not available to drive the reaction, or it may proceed for the entire regulatory period.

However, it is very unlikely that anoxic corro

sion will consume all the steel initially present. Anoxic

corrosion is a change of chemical phase that affects the volume and size of the steel in the repository,
which is a large component of the initial mass. Thus, it may affect the overall distribution of particle
diameters in the waste both by chemical breakdown of steel, and as discussed separately in Section 2.2.4
by iron hydroxides bonding particles of waste into larger aggregates.

2.2.3 Biodegradation

Although microbes will be present in the emplaced waste, it is uncertain whether microbes will be viable
in the repository environment. For example, in the CCA PA calculations, the probability that microbes
would be viable was assessed to be 50%. It is also uncertain which components of the waste may be
suitable as microbial substrates. For example, in the CCA PA calculations, if microbes are viable, the
probability that cellulosic components of the waste are microbial substrates was assessed to be 100%,

whereas the probability that plastic and rubber components are microbial substrates was assessed to be

50%. In the CCA, the simplifying assumption was made that all microbial substrates are degraded by
microbes at the same rate. Although conservative, this assumption is likely unrealistic because the
variability in the composition of plastics and rubber indicates that perhaps some of these components

might not degrade at all. However, assuming

uniform degradation (if it occurs at all) results in rapid

reactions and, in general, complete degradation of all microbial substrates within 2,000 years after

repository closure (DOE, 1996a). If it occurs

the microbial degradation of substrates may alter particle

»

diameters. Biodegradation of organic materials will also result in biomass and other byproducts as well

as gas.
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224 Dissolution/Precipitation/Cementation

As discussed in Section 2.2.2, corrosion of metals will produce iron hydroxides. These iron hydroxides

will precipitate out, either as free particles or as cementing agents. e

MgO will be emplaced as backfill surrounding the waste in the repository to maintain chemical
conditions of relatively low actinide solubility. Emplaced MgO will hydrate as brine enters the
repository, changing chemical phase, and react with the carbon dioxide (CO,) generated if microbes are
viable, changing phase again. MgO emplaced with the waste is a large fraction (about 1/3) of the initial
mass in the repository. Thus, the chemical compounds formed as MgO hydrates and reacts with CG, will
affect the distribution of particle diameters and the bonding of waste particles.

Anoxic corrosion and the hydration of MgQO consume water in brine, causing (among other phases) the
precipitation of salt crystals. Depending on its location and extent, precipitation of salt crystals may also
bond particles together. ‘

2.2.5 Encapsulation

As discussed in Section 2.2.1, salt will creep into the excavation, depending on the pressure inside the
room (e.g., gas pressure or due to compression of the waste). At some point (e.g., once the waste has
been sufficiently compressed), the pressure inside the room will be high enough to stop overall room
closure. However, at a smaller scale, the salt may not experience such pressure in some locations (e.g.,
where there are voids in the waste) and the salt may continue to “flow” locally into the voids,
encapsulating waste particles. Such encapsulation occurs mainly near the salt-waste boundary. If the
degraded waste is also relatively plastic, it may aiso flow into voids, possibly reducing the amount of
waste for salt encapsulation. However, this will occur throughout the waste, as opposed to the salt-waste
boundary where encapsulation occurs, so that its effect on reducing encapsulation might-not be
significant.

2.2.6 Fragmentation

As discussed in Section 2.3.2, the waste may be subject to significant stresses during inadvertent
intrusion. For example, the waste may experience tensile or shear failure due 1o pressure gradients or the
action of drilling fluids once a borehole penetrates the room. If such stresses exceed the strength of
individual particles, as defined in Section 3.1, they may break apart, thus affecting their particle size.
Obviously, the mechanical action of the drill bit is intended to grind up particles in its path to sufficient
size to remove them from the borehole, and thus also affects particle sizes; this grinding process, -
however, is outside the scope of this elicitation.

2.2 Performance Assessment

PA of the WIPP disposal system involves estimating the extent {0 which each of the above processes
occurs as a function of time (e.g., the time history of creep closure of the emplacement room), as well as
waste releases for various scenarios as a function of time {e.g., inadvertent human intrusion)

(DOE, 1996a).
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2.3.1 System Performance _ .

In probabilistic PA, the future performance of the WIPP disposal system is quantified by the application
of models incorporating the uncertainties about the processes and properties of the WIPP disposal
system, the uncertainties in future human actions, and assumptions specified by EPA. The panel

discussed the following processes:

e crushing/compaction is determined from room closure; / .-
e corrosion is determined from brine volume and competing MgO dissolution; \_,/
» biodegradation is determined from brine volume, as affected by corrosion and MgO dissolution;

e dissolution is determined from brine volume and competing corrosion;

o cementation is determined from corrosion, MgO dissolution and salt precipitation;

o encapsulation is determined from salt creep and room closure; and

e fragmentation is determined for spalling events.

Although there may be insignificant variability in these processes among rooms prior to intrusion, there
may be significant variability in all processes at a smaller scale. It should be noted that currently PA
does not consider MgQ dissolution (DOE, 1996a), fragmentation, cementation, encapsulation, or small

. scale variability in processes.

Uncertainty is incorporated in performance assessments through the use of Monte-Carlo sampling
procedures. Uncertainty in input variables is defined based on knowledge gained by characterization of
the disposal system (including the waste), the definitions of parameters used in models, and by
consideration of regulatory criteria. The Monte-Carlo sampling procedure propagates many “vectors” of
sampled values for uncertain input variables through a system of linked computer models, leading to a
probabilistic description of the future performance of the WIPP repository. The regulatory period,
defined by the EPA in 40 CFR 191, is the 10,000 years following closure of the repository. Thus, PA
develops a probabilistic description of the behavior of the WIPP disposal system in a regulatory context
from closure until 10,000 years following closure.

2.3.2 Inadvertent Intrusion

Current PA calculations indicate that the most important uncertainty in the future performance of the
WIPP disposal system is the question of whether, when, and how many times humans will inadvertently
drill into the waste while exploring for or developing natural resources in the future. The method for
determining the frequency of occurrence of such events, called “inadvertent intrusions,” has been
specified by the EPA in 40 CFR 194. By the EPA’s method, it is extremely likely that multiple
inadvertent intrusions will occur during the 10,000-year post closure period.

Each inadvertent intrusion into the repository waste may cause a release of particulate waste material to
the surface. This particulate waste material is separated from the remaining material by three processes:
cuttings; cavings; and spalling. Cuttings and cavings, which are the waste materials removed by the

action of the drill bit and the circulating mud, respectively, may occur with an inadvertent intrusion into
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the waste. Spalling, which is the removal of particulate material as high-pressure gas in the repository
causes blowout of the drilling mud and erosion and/or tensile failure of the waste, may occur if certain
precursor conditions occur. Spallings and cavings are discussed below since they may lead to

fragmentation; cuttings is outside the scope of this elicitation and not discussed further. Pl

2.3.2.1 Spalling

Spalling can only occur if the gas pressure at the time of intrusion is large enough (greater than 8 mega
Pascals [MPa]) to expel the drilling mud from the borehole (SNL, 1997a). In the CCA, the conservative
assumption was made that all intrusions with disposal room gas pressures greater than 8§ MPa will cause a
spalling release due to erosion of the waste particles (which were assumed to have a minimal cementation
strength of 1 psi). Hence, a model input variable related to the distribution of particle diameters in
degraded WIPP waste was used in the CCA model to calculate the volume of spall releases. However, if
the degraded waste has tensile strength, particles in the waste can become part of a spalling release only
if the tensile strength of their bonds to the remaining waste s exceeded. For this to occur, the gas
pressure gradient between the waste and the base of the borehole must be large enough to cause tensile

failure of those bonds.

Data collected from strength experiments on surrogates for degraded waste show that room contents will
generally have cohesive and tensile strength (SNL, 1997a). These experiments were conducted assuming
that the waste components will be relatively well mixed, as well as degraded. The experimental data on
the homogeneous surrogates show that, sometime in the future when the degradation processes have
occurred, disposal room contents will generally behave like a poorly-cemented, weak rock rather than a
pile of loose, discrete granules. It should be noted, however, that the waste may actually be segregated at
the scale of individual waste packages. Hence, there may be small pockets of weak materials which
behave very differently from the homogeneous surrogates, especially in the near future before
degradation processes have progressed very far.

Characterization of the tensile failure process shows that for tensile strengths similar to those of the
surrogate materials (SNL, 1997a): (1) pressures in the waste panel must be greater than at least 12 MPa
for even very small volumes of waste to experience tensile failure, and greater than 14 MPa for moderate
volumes of waste to experience tensile failure, compared to the spall volumes used in the CCA; and (2)
the process of tensile failure will take place within less than a second of the time the drill bit penetrates
the top of the disposal room. Within the volume of waste subjected to tensile failure, a variety of particle
diameters may be created, depending on the diameters of individual particles, bonding of particles, and
the process of tensile failure which may fragment the waste. This was not accounted for in the Spallings
model used in the WIPP CCA, which instead conservatively assumned that the entire volume was released
to the ground surface.

2.3.2.2 Caving

As described in Attachment A to the Appendix CUTTINGS of the CCA (DOE, 1996a), the conceptual
model for the caving process used by DOE in the CCA conservatively assumes hydraulic erosion of
waste material from the walls of the borehole via drill mud circulation, and specifically takes no credit
for the chemical and very little credit for the mechanical strength of the waste material; it is assumed that
only the material shear strength affects the process of hydraulic erosion of the drill hole walis, and that
the tensile strength of the material available to erode is negligible. It calculates the size of the eroded
cavity based on existing drilling practices (including drill stem rotation rate, bit diameter, and properties
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of the drilling flnid) and a single-parameter representation of the shear strength of the wasie (parameter
name: TAUFAIL). In the CCA, DOE sampled across a distribution for the value of TAUFAIL, which .
was based on a very conservative analogue of the final waste form (for which experimental

measurements of the material strength were available). This conservative analogue material was San

Francisco Bay mud (a soil mixtre composed of about equal amounts of clay and silt with traces of sand

and some organic material). The measurements of shear strength were made in an open flume with

recirculating water of ocean salinity, and resulted in a range of scouring stress from about 0.05t0 10 / ‘
Pascal. ' 4

EPA has requested that DOE perform tests of parameter variability as part of their evaluation of DOE’s
CCA. While the particle size distribution parameter does not explicitly enter into the conceptual model
used by DOE in its CCA for the caving process (DOE, 1996a), the EPA (see Attachment II) has
requested that the sampled values for waste shear strength in the caving model be derived from the
assessed particle size distributions, using an empirically observed correlation between the critical shear
resistance of unconsolidated materials under hydraulic transport and the particle sizes being transported.
An evaluation of the applicability of this correlation to model caving is outside the scope of this study.

2.3.3 Summary

In summary, a distribution of particle diameters will be present within the waste materials that can be

brought to the surface by a spalling or caving release at any time. The distribution is affected by the

initial composition of the emplaced waste and subsequent processes, including mechanical response due

to creep closure, cementation along contact zones and/or pore spaces by new chemical phases (iron

hydroxides, MgO hydration and reaction products, precipitated halite), anoxic corrosion, and possible

microbial degradation, as predicted by PA. Probability distributions are needed for the population of .
particle diameters for WIPP waste disposal room contents that could become part of a release to the

surface (e.g., by spalling or caving) as a function of time.

2.4 Waste Particle Diameters

The distribution of waste particle diameters in the vicinity of a borehole inadvertently drilled into the
repository sometime in the 10,000 years after WIPP closure is of primary interest.

2.4.1 Variability

As shown in Figure 2-2, within a specific volume (v) of waste at any location (x) and time (t), there will
be a number of individual particles, each with an equivalent diameter (d). There will be significant
variability in the sizes of those individual particles, which can be expressed as a statistical frequency of
values, f{d}vx.. As illustrated in Figure 2-3, this statistical frequency, if known, could be expressed as a

cumulative distribution:
F{d}v,l,l = {dis Xi]a i = 15--9n
where

d; specifies a particle diameter,
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X, is the percentage of particles which are smaller than the associated diameter d;, and
n is the number of pairs [d; X].

The distribution is cumulative and satisfies the conditions (d; < diy ) and (Xi< Xis1)- The number of pairs
[di, X;] specified in each distribution depends on the accuracy desired. This approach is consistent with
the distribution construction process described in the CCA, Appendix PAR (DOE, 1996a). Although

such percentiles are generally applicable, the natural variability might be adequately described in terms

of a specific frequency distribution “form” (e.g., lognormal) and the characteristics of that distribution
(e.g., the mean m{d}vx and standard deviation s{d}yx - /J -

2.4.2 Uncertainty \_u

As illustrated in Figure 2-4, at any particular scale, location, and time, there will be uncertainty in what
the frequency distribution actually is. This uncertainty (separate from the natural variability) can be
expressed in terms of a probability distribution (e.g., a probability distribution of the characteristics of
the frequency distribution, such as pl{deo}vas] OF plm{d}vxe s{d}yx:]). This probability distribution for
the population of particle sizes at a scale, location and time coincident with an inadvertent intrusion is the
topic of interest. It can be addressed in a variety of ways, as discussed below.

2.4.2.1 Variability among Subpopulations

As illustrated in Figure 2-5, unless the degraded waste is homogeneous at the scale of interest, there will
also be variability among the particle size populations at different locations (at the same scale and time).
Tf the form of the distribution is the same for all locations, then this natural variability among locations
can be expressed in terms of the statistical frequency of the population characteristics (€.g., mean and
standard deviation), f{m{d}vx. ${d}vx}. This natural variability might be adequately described in terms
of a specific frequency distribution “form” (¢.g., normal) and the characteristics of that distribution (e.g.,
the mean m{m{d}.x,} and standard deviation s{m{d}v..} of the average particle size at various
locations). However, at any particular time and scale, there will be uncertainty in what this frequency
distribution actually is. This uncertainty can be expressed in terms of a probability distribution (e.g., a
joint probability distribution of the characteristics of average particle size at various locations,

plm{m{d}, .}, s{m{d}yx(}1}, and similarly, the characteristics of the standard deviation of particle sizes
at various locations. Hence, to sample the population distribution of particle sizes for an inadvertent
intrusion (at a specific scale and time, but a random location), the mean and standard deviation of the
average particle size and its variability are sampled and used with the assumed distribution form.

Alternatively, the different possible population distributions can be identified, and the volume over
which each is homogeneous and the relative frequency of such volumes in the repository are assessed.
For example, a specific waste stream might have a specific population distribution, might be in isolated
drums, and might comprise 20% of the repository contents. At the scale of individual drums (or smaller),
this population distribution would occur (e.g., randomly sampled in Monte Carlo simulation) 20% of the
time. Ata larger scale (e.g., several drums), the population distribution of each of the number of drums
comprising that volume could be sampled randomly and then mixed together (in Monte Carlo
simulation).
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2.4.2.2 Scale-Dependent Variability

The variability of particle sizes throughout the entire repository at a particular time can be expressed as a .
frequency of values, f{d}.. Similar to smaller scales, this natural variability, if known, might be
adequately described in terms of a specific frequency distribution “form” (e.g., lognormal) and the
characteristics of that distribution (e.g., the mean m{d}, and standard deviation s{d};). However, at any
particular time there will be uncertainty in what that frequency distribution actually is. This uncertainty
(separate from the natural variability) can be expressed in terms of a probability distribution {e.g., a joint
probability distribution of the characteristics of the frequency distribution, p[m{d}. s{d}]). As the scale
decreases from the repository scale: (1) the varniability in particlé sizes at that scale decreases from the
variability at repository scale down to a limit of zero at the scale of individual particles; and (2) the
variability in the mean value among different Jocations at that scale increases from zero to a limit of the
variability among individual particles at repository scale. For example, as illustrated in Figure 2-6, the
variability in the average values of different populations, as expressed by the standard deviation of these
average values, would decrease to zero at some “representative” volume. If the particle sizes are
independent (even at close distances), the variability will change with the square root of the volume that
scale represents. Hence, the steps in simulating the population at a random location at a particular time
and scale are as follows: :

1. Assess pim{d}, s{d},J over the repository scale at time t.
2. From step 1, randomly simulate m{d}; and s{d ), over the repository scale at time t.

3 Assess the relationship of variability to scale (v).

S
4. From steps 2 and 3, determine: : \%) .

m[m{d}va] =m{d},

sim{d}vx.] = function of s{d};and v,
m[s{d}vx. = function of s{d},and v, and
s[s{d}vxd =0.

5. From steps 1 and 4, randomly simulate m{d }v.as for each inadvertent intrusion event.

6. Fromsteps 1,4 and 5, produce f{d},, for each inadvertent intrusion event.

2.4.2.3 Spatial Correlation

Particle sizes at different locations, especially close to each other, may be related. As illustrated in
Figure 2-7, this spatial correlation can be expressed in terms of the uncertainty in particle size at one
location as a function of the known particle size at another location, and the distance from that location.
At a specific distance (i.e., the “autocorrelation distance™), the particle sizes become independent. By
combining the spatial correlation function with the probability distribution for the size of a random
particle in the repository (which considers both natural variability thronghout the repository and the
uncertainty in that variability), the probability distribution for particle size populations canbe determined
for various scales (i.e., distances) by simulation.
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2.4.3 Summary

A probability distribution is needed for the particle size population at a particular vertical location scale
and time coincident with an inadvertent intrusion event at a random areal location in the waste. At the
scale of interest, it is expected that spatial heterogeneity of the waste and of degradation processes may
result in less variability in particle sizes than at the overall repository scale and significant differences in
populations at various locations. Assessments of the following parameters can be used to produce the
desired results in one of several ways:

e probability distribution for the size of a random particle at that vertical location in the repository at
time t, considering both variability and uncertainty at large scale;

e probability distribution for the mean and standard deviation of the population of particle sizes
throughout the repository at time t, separating variability and uncertainty at large scale;

 probability distribution for the mean and variability of the population characteristics among different
locations at a specific scale at time t, separating variability and uncertainty at small scale;

e the ratio of the expected variability in the population at both small and large scale (in terms of the
standard deviation) to the total uncertainty in the size of a random particle in the repository (also in
terms of standard deviation); '

e relationship of the variability in the population means among different locations and of the
population variability at any location as a function of scale;

» spatial correlation in particle sizes throughout the repository at time t, especially in terms of the
representative volume (or autocorrelation distance); or

set of possible population distributions, and homogeneous volume and relative frequency of each.

Not all of the above assessments are required to produce the desired results. However, they are
interrelated, and need to be consistent. It must be remembered that PA calculations are undertaken based
on a particular conceptual model, incorporating a number of assumptions. The definition of particle size
populations, for the purposes of this elicitation, must be compatible with the context of the PA
calculations, especially in terms of scale. However, such PA calculations are outside the scope of this
elicitation.
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3. Technical Approach

This section presents the technical approach taken to estimate the waste particle diameters at the time of
inadvertent human intrusion, consistent with the technical background presented in Section 2.

In the absence of definitive direct data, existing and especially future waste particle diameters must be
estimated based on expert judgment. In order to ensufe such estimates are as accurate as possible (i.e.,
consistent with all available information), a formal process was used to elicit the judgment of a qualified
and unbiased group of experts. Public and observer input was solicited throughout the process and was
considered, along with other technical information, by the expert panel. A qualified elicitor was used to

gu

ide the process towards & defensible resolution of the technical issue.

The procedures for eliciting subjective assessments from one or more experts are designed to ensure
accurate and defensible probability distributions, based on the judgment of those expert(s) consistent

with all available information, by mitigating potential problems to the extent possible. The elicitation
consists of an explicit interaction between: ;

the elicitor, who understands probability, elicitation, and the specific parameter definitions and \-
model; and

the technical experts who are most familiar with all available information and are best qualified, as
well as unbiased, to interpret that information (less ignorance).

The variables of the expert elicitation process include:

the number and credibility of expert(s), such that they are a representative sample of the technical
community; :

the form of interaction among experts (if more than one), and the degree of consensus to be achieved
among them,

the degree and form of outside participation and review;
the thoroughness of information collection and review;
the specific elicitation techniques used, and the detail and precision to be achieved; and

the degree of the defensibility of the results and documentation of the process.

The general expert elicitation procedures consist of the following activities:

1.

2.
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Conditioning - The expen(s) are trained in probability and review the available information;

Structuring - The parameters to be assessed are clearly defined (including any assumptions or
decomposition/recomposition per the model); T

Elicitation - Depending on the parameter type, the universe of possible parameter values is identified,
and then the probability distribution for parameter values is quantified by the experts through
questioning by the elicitor. During this questioning, the elicitor looks for and mitigates any
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assessment biases and ensures consistency and logical rationale in the assessme

expert is involved, the elicitor also Jooks for and mitigates adverse group dynamics, ensures

commonality in problem structure, and identifies and attempt

experts (or aggregates their individual assessments).

nts. If more than one

s to resolve other differences amongst

4. Verification/Documentation - The probability distributions and supporting rationale are restated by
the elicitor and confirmed (or modified as appropriate) by the expert(s). The entire process is

adequately documented to ensure trackability.

The expert judgment elicitation process was conducted in accordance with the CAO Expert Panel

Elicitation Plan (Rev. 2) (DOE, 1997b) and the CTAC Experimental Programs Desktop Instruction 1
(CTAC/EP-DI 1, Rev. 0 (CTAC, 1997), which in turn satisfie

194.26. the EPA Compliance Application Guidance (CAG) and the CAO-Office of Regulatory
Compliance (ORC) Expert Judgment Team Procedure (TF) 10.6, Rev. 0 (DOE, 1997a) and CAO Expert
Panel Elicitation Plan (DOE, 1997b). All formal panel meetings associated with the elicitation of expert

judgment regarding this parameter were conducted on May 5-9, 1997 in Carlsbad, NM. The expert

elicitation process was coordinated by the CAC-ORC (Dick Lark) and administered by CTAC
(Leif Eriksson). The elicitation process was conducted by an experienced expert panel elicitor

(Dr. William Roberds of Golder Associates). The proces
and in the CAO-ORC Expert Judgment Team Procedure. A complete record of the public meeting
(including a transcript) was kept and retained as a process record. The main steps of the elicitation
process are described in the following sections and summarized in Fig

during each step as part of the public record are listed in Table 3-1.

Table 3-1 Expert Elicitation Materials

Activity

Materials

3.1. Definition of technical issue(s)

3.2. Public notification
3.3. Selection and contracting of experts

3.4. General orientation and elicitation training

3.5. Presentation and review of issue(s)

3.6. Preparation of expert analysis by elicitor

3.7. Discussion of analysis by panel members

3.8. Elicitation ‘

3.9. Recomposition

3.10. Review and approved or dissenting
opinions provided by the experts

3.11. Documentation of the process and results

EPA letters dated March 19 and April 25, 1997
(Attachments I and II) CAO ORC Team
Procedure (TP) 10.6 (Rev. 0) (DOE, 1997a)/
Plan (Rev. 2) (DOE, 1997b) and CTAC/EP-DI
1, Rev. 0 (CTAC, 1997)

Letter to Stakeholders; media release
Selection forms signed by Selection
Committee; resumes, independence forms and
Organizational Conflict of Interest forms
(when applicable) and contracts signed by each
expert ]

Transcript; background reading materials;
viewgraphs; form signed by each expert
Transcript

Spreadsheet; viewgraphs

Transcript

Transcript; written summary

Spreadsheet; viewgraphs o
Transcript; statements signed by each expert

Report; review comments/resolution;
statements signed by each expert
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3.1 Definition of Technical Issue(s)

The EPA has specified that the CAO must conduct an expert judgment elicitation to determine the
probability distribution for the waste particle diameters in the WIPP repository during the 10,000-year
regulatory post-closure period (Attachments 1 and 2). This requirement formed the basis of the technical
issue to be elicited.

As discussed in Section 2, an inadvertent drill hole intrusion into the repository may cause release of
particulate waste material to the surface. This particulate waste material can be separated from the rest
of the waste by three processes: (1) cuttings; (2) cavings; and (3) spallings. Cuttings and cavings, which
are the waste materials removed by the action of the drill bit and circulating drilling mud, respectively,
may occur with an inadvertent drill hole intrusion into the waste. Spalling, which is the removal of
particulate material as high-pressure gas within the repository waste causes a blowout of the drilling mud
and tensile failure of the waste, may occur if certain precursor conditions occur (SNL, 1997a). A model
variable related to the distribution of particle diameters was used in the CCA model (DOE, 1996a) to
calculate the volume of spall releases, and might conceivably be of interest in other models (e.g., to
estimate the volume of caving releases).

Various materials will be disposed of in the WIPP, each in a specific amount and with an initial particle
size distribution, which may vary among locations as a function of scale. These materials will be subject
to a variety of processes over the 10,000 years following closure, which may affect their particle size
distributions. These processes, as well as their effects, may also vary among locations as a function of
time. Hence, the distribution of particle sizes at a specific time and scale may vary among locations,
depending on: the initial waste inventory and their characteristics at that location and scale; the extent of
processes which have occurred at that location, scate and time; and the effects of such processes on
particle size distribution for the materials at that location. Therefore, the technical issue addressed by the
expert elicitation is (Appendix C):

What is the conditional probability distribution for the waste particle size frequency distribution
(i.e., in terms of percent of the number of particles exceeding a particular size) at a random
areal location, at a specified vertical location in the waste room, time and scale, given the initial
waste inventory and the predicted extent of each relevant process at that location, time and
scale, both just before an inadvertent intrusion and after tensile failure during a spalling event?

Although the radioactivity associated with waste particles is important in order to determine release and
exposure, as noted in Section 1.2, this is outside the scope of this elicitation. However, it is possible that
conditional probability distributions for radioactivity as a function of particle size (and possibly time)
could subsequently be developed and applied to account for this. For example, if radioactivity is
approximately independent of particle size, it could simply be apportioned considering the variability in
radioactivity among the materials involved. It should be recognized that significant amounts of material
{e.g., backfill and salt fragments) might not have any radioactivity. :

A waste particle is defined herein as an individual piece or aggregated collection of pieces with
significant internal strength (e.g.. a uniaxial tensile strength greater than 20 pounds per square inch [psil).
As such, particles are much more likely to separate from each other, rather than to break up into smaller
pieces. T

As illustrated in Figure 3-2, an equivalent particle diameter (d) is defined herein as the diameter ofa
sphere with a volume (v) equivalent to that of the individual particle, where v=nd3/6.
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3.2 Public Notification

The public and other interested parties were notified at least 10 working days in advance of the expert .
elicitation, that they had the opportunity to provide input on and observe and comment on this process.

The notifications included: notice in the CAO Monthly Calendar; a media release to news organizations

in New Mexico and West Texas; a letter to stakeholders in New Mexico, Idaho, and Colorado; and a

notice on the WIPP Home Page (http:\\www.wipp.carlsbad.nm.us). In addition, an agenda and a two-

page fact sheet on the waste particle diameter issue and the Expert Elicitation process were available

through the WIPP Information Center’s toll-free telephone number, 1-800-336-9477. The public and

other interested parties were asked to contact the WIPP Information Center to receive information and to

sign-up to speak at the expert elicitation meeting in Carlsbad on May 5-9, 1997. Interested parties were

asked to send written comments to the CAO’s Office of Public Affairs.

3.3 Selection and Contracting of Experts

The requirements for the selection of subject matter experts are described in TP 10.6, Rev. 0 ‘
(DOE, 1997a). The specific process for identification, selection, and contracting to obtain the services of

these experts was as follows:

. The basic technical disciplines appropriate for resolving the identified technical issue are defined
in CAO Expert Panel Elicitation Plan, Rev. 2 (CAQ, 1997b). They are:

—  Archeology, i.e., the characteristics of ancient waste;

— Chemistry, ie.,
— corrosion and degradation of plastics, metals, and cellulosics, and
—  MgO reactions, including long-term physical characteristics;

—  Rock, Soil and/or Fluid Mechanics, i.e., particle movement and geotechnical processes
(cementation); and

—  Performance Assessment Methodologies, i.e., probability distribution construction.

. The criteria for selection of expert panel members include:

Independence from the issue, as required by TP 10.6, Rev. 0, and by 40 CFR 194.26;
—  Perceived expertise as demonstrated by tangible scientific contributions;

— Professional reputation;

—  Understanding of the general problem area;

— Balance among all participants so that various subject matter experts were represented; and

—  Availability and willingness to participate. .
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. Professional organizations, advisory groups, and university officials were requested to provide
names and resumes of individuals who are experts in one of the above areas, who meet the
criteria, and who could serve on the expert panel.

. The Expert Panel Manager, Leif Eriksson,

who was appointed by the Assistant Manager of the

CAOQ ORC, appointed two individuals (Prof. Charles Fairhurst - University of Minnesota and

Bob Neil - EEG) who met the requirements as defined in TP 10.6, Rev. 0, to serve with him as ~ / ’

the “selection committee.” Resumes are provided in Appendix D. They reviewed a list of !

potential expert panel candidates to determine who were qualified to meet the expert panel

requirements defined in TP 10.6, Rev. 0, and the Expert Panel Elicitation Plan, Rev. 1,
respectively. Based on the selection committees’ evaluations of the scope of work, it was agreed
that a generalist be added to the five disciplines/areas listed in the Expert Panel Elicitation Plan,
Rev. 2. Available resumes were than reviewed and the individuals who best met the

requirements of qualification, availability,
selected and offered a contract.

and DOE’s Organizational Conflict of Interest were

. The experts comprising the panel, and their affiliation and area of expertise, are identified in
Table 3-2 and resumes are provided in Appendix I. Two members, Drs. Drez and Gross, are

considered DOE contractors.

. The elicitor, Dr. William Roberds of Gold

er Associates Inc., Seattle, Washington, was appointed

by the Expert Panel Manager. Resume is provided in Appendix D. Dr. Roberds is an
acknowledged probability expert with demonstrated experience in eliciting judgments from
individuals, Based on his demonstrated knowledge, skills and abilities, he is considered both a

“normative expert” and a “generalist.”

Subsequently, the elicitor: 1) trained the subject matter experts in subjective probability
assessments; 2) guided the subject matter experts in developing an appropriate conceptual model
for resolving the issue and in assessing the reievant model input parameters, consistent with the
available information; and 3) synthesized and summarized the subject matter experts’ rationale
and judgments (including recomposition and documentation). The elicitor also controlled the

meeting, including facilitating public inpu

Table 3-2

i.

Expert Panel
Name Affiliation Subject Matter Expertise
Robert Mutaw, Ph.D. Woodward Clyde Archaeology
Paul Drez, Ph.D. Drez Environmental Associates Chemistry
David Grandstaff, Ph.D.  Temple University Chemistry
Patrick Domenico, Ph.D.  Texas A&M University Generalist
Michael Gross, Ph.D. Science Applications International Performance Assessment
: Corp.
Paul LaPointe, Ph.D. Golder Associates Rock, Soil and/or Fluid Mechanics
3.4 General Orientation and Elicitation Training of Experts

Training and orientation requirements are provided in TP 10.6, Rev. 0, and in the Expert Panel Elicitation
Plan, Rev. 2. Training consisted of mandatory reading materials, optional reading materials, group
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orientation, and group training on the elicitation process. The public and other interested parties were
welcome to observe both orientation and training. .

Reading materials consisted of a series of reference documents utilized in the development of the CCA

and were provided on CD ROM disk to the expert panel members prior 1o the start of the elicitation.

Additional materials included a copy of TP 10.6, Rev. 0, (DOE, 1997a) the Expert Panel Elicitation Plan, ,
Rev. 2 (DOE, 1997b) the Spallings Release Position Paper (draft for technical review, SNL, 1997a), the ,r/;
Chemical Conditions model (SNL 1997b), relevant parts of the peer review reports, and a paper on ( g&f ,
subjective assessments (Roberds, 1990). These reading materials also were made available to the public \/
and other observers during the elicitation process. Key reading materials are listed in Table 3-3.

Group orientation consisted of administrative and technical orientation. Through the orientation process,
panel members, as well as observers, were made familiar with the WIPP containment system, the
relationship of the parameter to be considered with the containment system, and the performance of the
containment system as depicted in the CCA. All materials presented during the orientation are provided
in Appendix A. Every time a new observer attended, an abbreviated presentation of the orientation was

provided.,

Elicitation training consisted of training the expert panel members in the expert judgment elicitation
process, with particular emphasis on forming probability judgments. This was intended to reduce any
potential biases in the assessments and to better quantify uncertainties. The training materials consisted
specifically of discussions on the following topics, as discussed in Roberds (1990): 1) variability and
statistics; 2) uncertainty and probability distributions; 3) decomposition; 4) parameter assessment
techniques, with practice assessment #1, potential biases, and practice assessment #2; and 5) elicitation
process and techniques, including roles, public input, decomposition, convergent pair-wise comparison

techniques, verification, and documentation. These training materials are presented in Appendix A, .

3.5 Presentation and Review of Issue(s)

The formal elicitation process commenced with the elicitor providing a detailed presentation of the
technical issue. SNL then provided technical and scientific information on the issue being elicited. The
public and observers were invited to provide their technical and scientific views directly to the Panel
during this process. Guidelines for the public’s participation are provided in TP 10.6, Rev. 0 (Section 5.3
and Attachment V). The only interested party requesting to make a presentation was the EEG;
presentation was provided on May 6, 1997. The material presented at the meeting was made available to
all participants, including the observers, and is available in the project files.

3.6 Preparation of Expert Analysis by Elicitor

The elicitor began the elicitation by reducing the issue into more manageable parts, which would be
easier to assess and then could be recombined. This preliminary “decomposition model” considered
future processes that affect particle size and how such effects might be described and evaluated. This
preliminary model was developed to an appropriate level of detail for assessment by the expert panel.
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Table 3-3 Key Background Reading Material

bl

12.
13.
14.
15.
16.
17.

18.

19.
20.

21.
22,
- 23

24,
25.

CTAC Experimental Programs Desktop Instruction “Expert Panel Elicitation” (CTAC/EP-DI
1) Revision 0, dated May 2, 1997.*

EPA letter from E. R. Trovato to the Honorable Alvin Alm, dated 3/19/97

WIPP Stakeholder letter from George Dials dated 4/21/97, WIPP Expert Elicitation Panel Fact
Sheet (including agenda)

EPA letter with two enclosures from E. R. Trovato to G. Dials dated 4/25/97

40 CFR 194.26 preamble discussion

Background document text to 40 CFR 194 pertaining to “6. Use of Expert Judgment”

Pages 38-40 of Compliance Application Guidance for 40 CFR 194* _

CAO Team Procedure (TP) No. 10.6, Revision 0 on “Expert Elicitation,” dated 4/14/97*
CAO QAPD, CA0-94-1012, Revision 0, Section 1.5 (Records)*

CAQ Team Plan, “Expert Panel Elicitation Plan,” {Revision 2Q-2) (DOE/CAO-97-2223)*

Compliance Certification Application 40 CFR Subpart B and C on CD ROM (without
references) with ERRATA (appropriate sections to be read at the discretion of the Panel
member)

“Transuranic Waste Baseline Inventory Report” (Revision 2), dated 12/95
Final Report, “Supplementary Conceptual Models Peer Review Report,” dated 12/96
Final Report, “Conceptual Models Second Supplementary Peer Review Report,” dated 1/97

Final Report, “WIPP Conceptual Models Third Supplementary Peer Review Report,” dated
4/97

Final Report, “Waste Characterization Analysis Supplemental Peer Review Report,” dated
12/96

Final Report, “WIPP Engineered Systems Data Qualification Supplementary Peer Review
Report,” dated 12/96 -

“Spallings Release Position Paper: Description and Evaluation of a Mechanistically Based
Conceptual Model for Spall,” by SNL, dated 4/17/97

“WIPP with Magrjesium Oxide Back-fill,” J. Bredehoft and P. ‘Hall, Version 1.2, dated 10/96

«Chermical Conditions Model: Results of the MgO Backfill Efficacy Investigation,” by SNL,
dated 4/23/97

TRU Waste Sampling Program: Volume I—Waste Characterization, T. Clements, Jr. and D.
Kudera (EGG-WM-6503) dated 9/85

SAND96-2538, “Hydrogen Generation by Metal Corrosion in Simulated Waste Isolation Pilot
Plant Environments,” dated 3/97

SAND96-2582, “Microbial Gas Generation Under Expected Waste Isolation Pilot Plant
Repository Conditions,” dated 3/97

“Methods for Developing Defensible Subjective Probability,” Wm. J. Roberds, Ph.D., 1990
“Effects of Bulk Density on Sediment Erosion Rates,” R. Jepsen, J. Roberts, and W. Lick
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Table 3-3 Key Background Reading Material (continued) _ .

26. “Measurements of Erosion of Undisturbed Bottom Sediments with Depth,” J. McHeil, C.
Taylor, and W. Lick

27. “International Peer Review of the 1996 Performance Assessment of the U.S. Waste Isolation
Pilot Plant (WIPP),” report of the NEA/TAEA International Review Group, April 1997

28. “preservation of Metallic, Ceramic and Organic Materials Encapsulated in Salt: Evidence and

Prehistoric Salt Mining Activities in the Hallstatt and Hallein areas of the Salzkammergut,
Austria,” draft report submitted by Itasca Consulting Group, Minneapolis, Minnesota, April

1997
29, “Machina Ex Deo.” L. White, Jr., MIT Press, 1968
30. “Chance & Necessity,” J. Monod, October 1971, Alfred A. Knopf, Publisher, New York
*Mandatory
M
3.7 Discussion of Analysis by Panel Members -

After presentation of the preliminary model, that model and the relevant available information were
discussed by the experts. A working model was then developed from the preliminary model based on the
expert's input, consistent with available information. This model is discussed in Section 4 and presented
in detail in Appendix B. Each of the model input parameters were identified, defined, and discussed
(especially in terms of available information) prior to elicitation (see Section 3.8). The observers were
afforded the opportunity to comment on the process and provide input. All observers input (whether
questions or statements) as well as the panels responses to such input, was documented and is available
in the project file. The elicitor ensured that the discussions were comprehensive and thorough, and that
the decomposition was logical, meaningful, and practical. The elicitor then summarized the discussions

for panel concurrence.

3.8 Elicitation

The EPA’s Background Information Document (BID) for 40 CFR Part 194, Section 6.1.2, (EPA, 1996)
cites several U.S. Nuclear Regulatory Commission (NRC) publications (NUREGS) as examples of expert
elicitation processes that have been conducted. These publications, as well as Roberds (1990), also
define various elicitation methods (e.g., individual interviews/aggregation, interactive group/consensus,
or Detphi). Because of the focused parameter issue, the “Interactive Groups” method was employed in
the elicitation process, using an elicitor. In this process, the experts were in a face-to-face situation with
both one another and with the elicitor when they gave their opinion. The elicitor, however, had the
flexibility to select the details of the expert judgment elicitation process. The elicitor was responsible for
ensuring that the process and results were defensible (i.c., logical and consistent with all available
information). Hence, as part of the elicitation process, the elicitor did the following (in addition to
training - Section 3.4 and development of the decomposition model - Sections 3.6and 3.7):

o controlied the meeting and led discussions {e.g., asking questions); —_
e identified and mitigated biases and/or group dynamics;

e identified and reconciled differences among experts to the extent possible; and

e synthesized and summarized discussions and results (¢.g., quantification of uncertainty).
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The specific steps the elicitor and panel went through in assessing each model input parameter were:

1. Define the parameter unambiguously (e.g., average particle size {in terms of volume] at a random
location at a specific scale and time [see Section 3.7

2. Define the appropriate scale for the parameter (¢.g., cubic meters).
3. Identify the relevant information pertaining to this parameter.

4. Determine and justify (based on the available information) the upper and lower bounds for the
parameter value.

5. Identify any important conditions/assumptions which would affect the value of the parameter (e.g.,
by asking how values outside the bounds could occur, if at all), and all possible values.

6. Assess the cumulative probability associated with several values across the range (from 10% to 90%
cumulative probability), either by direct assessment (as done in the almanac tests during the training,
see Appendix A) or through convergent pair-wise comparisons (€.g., similar to'an eye exam, where
one chooses between two options, one of which is of known likelihood in this case, which are
modified until indifference is achieved). People are generally more comfortable with comparative
lotteries (i.e., “this is more likely than that’") than with direct assessments, at least initially, although
direct assessments can be used if the experts prefer. An example is illustrated in Figure 3-3.

7 Assess several specific percentile values, either by direct assessment or through convergent pair-wise
comparisons (¢.g., using 2 and 3 “intervals™). For example, to define the 50 percentile value, the
elicitor would select a threshold value for the parameter of interest x (e.g., 4), and would ask the
experts to choose between event A = {X<4} and event B = {X>4} as being the most likely. The
elicitor would then adjust the threshold value until the expert is indifferent to the choice, and that
threshold value would equal the 50 percentile value. Similarly, to define the 33 and 67 percentile
values, the elicitor would select two threshold values for the parameter of interest x (e.g., 3 and 6),
and would ask the experts to choose between event A= {X<3},eventB = [3<X<«6}, and event C =
{X>6) as being the most likely. The elicitor would then adjust the threshold values until the expert
is indifferent to the choice, and those threshold values would equal the 33 and 67 percentile values,
respectively.

8. Directly assess and justify (based on the available information) the most likely value and the shape of
the distribution (e.g., in terms of symmetry and modality).

9. Synthesize the information developed above into a probability distribution (see Section 3.9).

10. Verify that the probability distribution (€.g., specific percentile values) represents the experts’
judgments (see Section 3. 10).

Depending on the degree of unanimity achieved during open discussions, the elicitor could choose to
elicit each individual panel member’s judgment as a precursor (o developing a composite assessment for
the group. The differences among the various expert’s opinions, especially the root cause, would be
identified and reconciled to the extent possible. If group consensus could not be achieved directly, then
the individual assessments could simply be aggregated. This aggregate judgment would then be
reviewed by each panel member to ensure that it properly reflected his/her judgment. If applicable,
dissenting judgments would be documented. However, there was general consensus among the panel.
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The result of the elicitation process was the definition and justification of values for each of the model

input parameters, as documented in a set of viewgraphs (Appendix C). Atthe end of the process, the .
public and observers were afforded the opportunity to comment on the elicitation, and the panel

considered their comments prior to finalizing their assessments. This process and the results are

presented in Section 5.

3.9 Recomposition

Once each parameter had been assessed, as discussed in Section 3.8, the elicitor composed a probability
distribution for each parameter consistent with the panel’s input, using, for example, RiskView® or
BestFit® software (Palisade), as illustrated in Figure 3-4 and in the Training Materials (Appendix A).
These probability distributions were then combined using the decomposition model discussed in
Sections 3.6 and 3.7 in order to develop a probability distribution for waste particle diameters for

specified conditions (e.g., as a function of the predicted extent of processes at the time and scale of /~ -
inadvertent intrusion). The type of results of recomposition are presented in Section 6. E\E \‘ '

3.10 Review and Approval or Dissenting Opinions Provided by the Experts

The initial assessments for the model parameters were presented to the experts for their consideration and
discussion. The public and other interested parties were also provided the opportunity to observe and
comment on the results, and the experts considered their views. The purpose of this review was to ensure
that potential misunderstandings were identified and resolved, and that the results properly reflect the
experts’ judgments. If necessary, the probability distributions for some model parameiers were redone
based on additional expert panel input, per the procedures presented in Section 3.8, and then recombined,
as discussed in Section 3.9. This confirmation of the experts’ judgments is presented in Section 5, and
the experts’ signed statements are contained in Appendix C. '

3.11 Documentation of the Process and Results

This final report, which was prepared primarily by the elicitor, documents the expert judgment elicitation
process and results, in terms of a model for the population of particle diameters at the time of inadvertent
human intrusion, as a function of repository conditions. The expert panel members’ signed agreements,
along with the results of the elicitation, are provided in Appendix C.

The public and other interested parties had the opportunity to review a May 12, 1997 draft of this report.
The only written comments received by May 27, 1997, were submitted by the EEG. EEG’s comments
were sent to each member of the expert panel, who reviewed them to determine whether the comments
would affect their judgment on waste particle diameters, as documented in the draft report. The experts
opinions were polled on May 29. Although generally very constructive and helpful to the enhancement
of the quality of this report, the experts did not feel the EEG comments affected their judgments (i.e., did
not present new information or reasonable alternative interpretations) presented in the draft report.
Staternents concurring with this final report have been signed by each of the experts at the end of the

basic text of this report.
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4. Decomposition Model

This section presents the model for decomposing the assessment of waste particie diameters at the time
of inadvertent human intrusion. As described in Section 3, this process consists of first abstracting the
materials and processes discussed in Section 2, and then describing them in terms of more detailed
parameters and algorithms which, when combined, produce a reasonable estimate of waste particle
diameters at the time of inadvertent human intrusion. The concepts of the model are described in
viewgraphs included as Appendix C. Appendix C also contains the concurrence signatures of the expert
panel members.

4.1 Materials and Processes

4.1.1 Types of Processes

As discussed in Section 2, various types of processes can affect particle size distributions; however, each
process will tend to have one of three types of effects: )

o Pervasive reduction - All particles will tend to get smaller due, for example, to corrosion,
biodegradation, or dissolution. Consider the simple example of an initial set of six particles of
different sizes (5 throngh 10), as illustrated in Figure 4-1. As illustrated in Figure 4-2, the larger
particles will be reduced by more than the smaller particles (2 versus 1), with the resulting
byproducts all of size 1.

e Selective reduction - Some (but not all) particles will tend 1o get smaller due, for examplie, to
crushing or fragmentation. In an example based on the same initial set of six particles (Figure 4-1),
as illustrated in Figure 4-3, two of the larger particles will be subdivided into two particles each.

e Aggregation - Some particles will tend to get larger due, for example, to consolidation/encapsulation
or precipitation/cementation. In an example based on the pervasively reduced set of six particles
(Figure 4-2), as illustrated in Figure 4-4, two of the larger particles will be combined with several of
the smaller particles to form one large particle.

The various processes discussed in Section 2 can be described in the following terms:

o Corrosion of iron-base and aluminum-base materials by brine results in pervasive reduction of F{d},
with some particulate byproducts.

e Biodegradation of organic materials, which is affected by the presence of brine, resuits in pervasive
reduction of the particle diameters (F{d}), without significant particulate byproducts. Although
biodegradation of organic materials will result in biomass and inorganics, as well as gas, the panel
judges that the biomass would be greatly fimited and would comprise a relatively small portion of the
waste at any time. Bacterial cells (0.1 to 20 microns in size) are in the most common size fractions
present in the repository and, therefore, variations in biomass would not greatly affect the overall
particle size distributions. Trace metals and radionuclides present will tend to be in solution, or will
quickly adsorb on or co-precipitate with the remaining materials, especially the corrosion products,
so that they would not comprise a significant amount of free particles. Ce

e Dissolution of soluble materials by brine results in pervasive reduction of F{d}, with some
particulate byproducts.
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e  Crushing of friable materials due to room closure results in a selective reduction of F{d}, although
this will be considered as part of the initial conditions.

e Compaction of all materials due to room closure results in an insignificant effect on F{d}, except that
salt may continue to flow and encapsulate all materials in its path, aggregating such particles.

e Precipitation of dissolved MgO, salt, or corrosion products results in pervasive
aggregation/cementation of all materials {(in addition to particulates).

& Fragmentation due to tensile failure (e.g., due to spallings) results in an insignificant effect on F{d}
(i.e., because by definition particles are not weak), except for possibly cellulosics.

The chemical processes involved in biodegradation, corrosion, dissolution, and precipitation can be
summarized as follows:

2CH,0 = CH, + CO; Y ]
Fe + 2H,0 = Fe(OH), + H, { \ \
MgO + H,0 = Mg(OH)2 e
Mg(OH); + CO, = MgCO; + H,0

Fe(OH)2 + CO, = FeCO; + H;O

i

As can be seen, corrosion of Fe competes with dissolution of MgO for available water (H;0), and
dissolution of MgO is probably faster than corrosion of Fe. In either case, salt dissolved in brine
precipitates out as H,O is consumed. Whereas both corrosion and dissolution produce byproducts,
biodegradation produces primarily CO, and methane. )

4.1.2 Material Groups

The processes believed to affect each of the materials identified in Section 2.1 are suinmarized in
Table 4-1, with the double-check marks indicating a higher anticipated biodegradation rate.

Table 4-1 Effects of Processes on Materials

Material Corrosion Bio-Degradation Dissolution Type
iron-base metal/alloys v
aluminum-base metal/alloys v
other metal/alloys
other inorganic materials
. vitrified
cellulosics vv
rubber v
plastics
solidified inorganic materials
solidified organic materials vv
cement (solidified)
soils
steel packaging ' v
plastics packaging v
lead packaging
steel plug v :
MgO backfill v
salt

Q) EN i B U e b B N AU BN b e e
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Although not indicated above, encapsulation by salt flow creep and cementation by precipitates can
affect any of the materials (i.e., is not material-specific). Also, fragmentation could conceivably affect
the particle sizes of cellulosics, which are inherently weak.

As shown above, several materials are affected by the same processes. For simplicity, materials that
behave in a similar fashion to the various processes have been combined into six material “groups.” The
group to which each material belongs is indicated in the right-hand column of Table 4-1. These groups
are summarized below.

1. Iron (Fe)- and aluminum (Al)-base metal/alloys are subject to corrosion.

2. Other metals/inorganic/vitrified/soils/cements/solidified inorganics are subject to crushing of friable
materials due to room closure, although this is included in the initial particle sizes.

3. Saltis subject to crushing/plastic flow/compaction of roof fall particles, although this is included in
the initial particle sizes. :

4. Cellulosics/solidified organics are subject to crushing of friable materials (solidified organics) due to
room closure, although this is included in the initial particle sizes, and to biodegradation and possibly

to fragmentation during spalling. e
S oF
DA e

5. Rubber/plastics are subject to biodegradation. L7 £
T

R

6. MgO backfill is subject to dissolution.

As previously noted, all the material groups are subject to cementation and salt encapsulation (especially
at the room boundary). '

4.1.3 Modeled Processes

Based on the summaries provided in Sections 4.1.1 and 4.1.2, the processes that are explicitly modeled
include the following: '

e Corrosion of Group 1, Fe- and Al-base metal/alloys;

e  Biodegradation of Group 4, Cellulosics and Solidified Organics and of Group S, Rubber and Plastics;
o Dissolution of Group 6, MgO Backfill;

e Cementation of all materials; and

e Encapsulation of all matenals.

Although fragmentation might have an effect on the particle sizes of cellulosics, the expert panel
concluded that this was relatively insignificant and could be ignored. Although crushing of friable
materials may occur due to room closure, this will occur primarily during the first 100 years after
repository closure (which is not of interest because inadvertent intrusion is effectively precluded during

the 100-year active institutional controls period). Hence, the effects of crushing are considered as part of
the initial conditions and not further evaluated. :
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The extent of a process is a function of time and is uncertain for any location {due to ignorance and
variability among locations), and may possibly be correlated with each other and among locations,
depending on the scale of interest. A summary discussion of each of the main processes is provided
below. '

£
4.1.3.1 Corrosion ‘ Pl
\\_/'

It is assumed for this model that uniform corrosion occurs (1.e., Ar is the same for all paniclesl) and a
portion of the corroded materials will precipitate out as small particles, depending on available pore
space. The change in particle size distribution is determined by the predicted extent of corrosion and its
byproducts.

4.1.3.2 Biodegradation

It is assurned for this model that uniform biodegradation occurs (i.e., Ar is the same for all particies') and
that the amount of particulate byproducts is small and does not significantly modify the particle size
distribution. The change in particle size distribution is determined by the predicted extent of
biodegradation. ' :

4.1.3.3 Dissolution

It is assumed for this model that uniform dissolution oceurs (i.€., Ar is same for all particles') anda

portion of the dissolved materials precipitate out as small particles, depending on available pore space. .
The change in particle size distribution is determined by the predicted extent of dissolution and its

byproducts.

4.1.3.4 Cementation

It is assumed for this model that corrosion products, dissolved MgO and salt from brine that do not
precipitate out as particulates will cement other particles together (regardless of material type). Smaller
particles are more likely to aggregate, with the likelihood assessed to be approximately inversely
proportional to volume. If this is the case, the change in particle size distribution is determined by the
amount of corrosion, MgQ dissolution, and salt precipitation, and the portion of non-particulate
byproducts.

4.1.3.5 Encapsulation

It is assumed for this model that the salt-intrusion front into the waste will be approximately the same as
-oom closure if the waste were not there. All particle sizes are equally likely to be encapsulated, which

! The rates for corrosion, biodegradation and dissolution have been assumed to be uniform and independent of size,

that is, the rates are equal to Ar, where r is the radius of the particle. Subsequent to the expert panel discussions, one

of the panel members pointed out that in actuality, the rate of these reactions will decrease as the diameter of the

particies decrease from their initial radii to smailer radii. For purposes of the Decomposition Model, this decrease in .
reaction rate with radius is considered a second-order effect and is not incorporated into the current model.
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will produce a single large particle. The change in the particle size distribution is determined by the total
volume encapsulated. '

4.2 Algorithms

As discussed in Section 4.1, various materials will be emplaced in the repository and, over time, may be

affected by various processes to various degrees. If the effect of each process on each material is

approximatelv independent of other processes and other materials, they can be analyzed separately and

then subsequently combined. ' L

The pervasive reduction processes (i.e., corrosion, biodegradation, and dissolution) are all assumed to t gl
occur at a rate proportional to surface area (.., Ar is the same for all particles for each process, but may \:
differ among processes). In this case, the diameter (or radius) for various cumulative frequencies is

reduced appropriately, with the cumulative frequency staying the same. Hence, as shown in Figure 4-5,

the initial frequency distribution is simply shifted to the left.

The effects of multiple processes on particle sizes are assumed herein to be additive, but otherwise
independent. This is reasonable because any material is subject to only one reduction process (if any},
and then possibly subject to both cementation and encapsulation. In this case, the volumes of various
particles are increased appropriately from the previously reduced value. Hence, as shown in Figure 4-6,
the previously modified frequency distribution is shifted.

Once the population of particle diameters has been determined for each material, they can be combined
with the relative percentage of each material to determine the population of particle diameters for the
composite material, As illustrated in Figure 4-7, this would be done as follows:

IF{d}1 = w; IF{d)}

where
IF{d}l is the modified population of particle diameters for the composite waste due to all

processes,

IF{d}}; is the modified population of particle diameters for material type i due to all processes,
and. '

w; is the percentage of the composite material that is comprised of material type {

The above algorithms have been implemented in an EXCEL.S.O spreadsheet {Microsoft), which is
presented in Appendix B. '

4.3 Model Parameters

Based on the discussions presented in Section 4-1, a comprehensive and mutually exclusive list of
material groups and processes was developed. Various materials which degrade in a similar manner to
each process were combined in a group and subsequently treated as one material, with their initial
amounts and particle size distributions integrated, as discussed in Section 4.2.

Based on the algorithms presented in Section 4.2 and summarized in Figure 4-8, the following parameters
must be assessed in order to estimate the waste particle diameters:
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e The initial amount and population of particle diameters for each material group;

o The extent of each process to which each material group has been exposed, which is provided by PA
(Section 2.3); and ‘

e The partitioning of dissolved materials into particulates and cementation products, and the effects of

cementation and encapsulation on particle size. _ s
' g
(M
4.4 Variability and Uncertainty N/

As discussed in Section 2.4, there will be variability in the various model input parameters at different
locations in the repository, depending on each parameter’s volumetric scale. This variability in the value
of parameter x can be expressed in terms of a “frequency distribution” of the values at that scale
throughout the repository, f{x}, which in turn might be described in terms of an average value m{x} and
a standard deviation s{x} in conjunction with a distribution “form” (e.g., lognormal). For example, if the
parameter values at this scale are uniform throughout the repository, they would all equal the average
value and the standard deviation would be zero. Similarly, as the volumetric scale of the parameter
increases, all the values tend to converge towards the average value and the standard deviation tends to

decrease towards zero.

In addition to spatial variability, there will typically be uncertainty in the frequency distribution of

parameter values throughout the repository. If the form of this frequency distribution is known, this

uncertainty can be expressed in terms of a “probability distribution” for the combination of the average

value and the standard deviation, p[m{x}, s{x}]. Hence, a random value of parameter x (e.g., at a

random location of a borehole intrusion) could be obtained by simulating m{x} and s{x} from p{m{x}. .
s{x}], and then simulating x from f{x}, which is defined by the simulated values of m{x} and s{x} in

conjunction with the distribution form.

However, there may be “correlations” in the values of different parameters at the same location in the
repository, so that the parameters cannot be simulated independently. In this case, “correlation
coefficients” or “conditional” probability distributions must be defined that express this relationship.
The value of a “dependent” parameter can then be simulated based on the simulated value of the '
“independent” parameter in conjunction with either (a) the dependent parameter’s “*marginal” probability
distribution and the correlation coefficient, or (b) the dependent parameter’s conditional probability
distribution. For example, the extent to which different materials have been exposed to a particular
process may be very uncertain but very similar (highly correlated) for all materials.

The uncertainty in the population of particle sizes at a random location can be determined by simulating
the various model parameters (as discussed above) and implementing them in the model many times.
This can be done by Monte Carlo simulation using the EXCEL 5.0 spreadsheet presented in Appendix B,
with commercially available @RISK3.1 (Palisade) attached as an add-1n.

In the current decomposition model, the relative amounts of each material group and the repository
conditions are specified as input parameters. The uncertainty in the predicted repository conditions can
be propagated through the decomposition model in various ways (implementation is outside the scope of
this elicitation), to determine the uncertainty in particle size populations. Although currently, these are
large (repository) scale average conditions, they (as well as the relative amount of each material group)
could include the additional uncertainty due to variability at smaller (drum) scale. These uncertainties in
the waste mix and in the predicted repository conditions at that scale can then be propagated through the
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decomposition model in the same way as is done for the uncertainty in large scale repository conditions.
It should be noted that it is assumed that the initial particle size distribution for each material group and

the effects of a process {given its extent) are scale-independent, and their uncertainties are insignificant

relative to the uncertainties in the future repository conditions and, at small scale, in the waste mix.

As discussed in Section 2.4, the variability in the waste mix at small scale can be described in various
ways. However, because of the nature of waste emplacement (i.e., in individual containers), a convenient
way to describe such variability is In terms of a répresentative set of possible waste mixes at the drum
(smallest) scale. Each waste mix would be described in terms of the percentage of each material group.
In addition to the possible waste mixes, the relative frequency of each waste mix in the repository (i.e., in
terms of percent by volume) and the number of drums containing similar wastes which are packaged
together would be estimated. For any scale, the appropriate number of drums would be randomly
sampled (in Monte Carlo simulation) and their simulated mixes combined.

4.5 Model Limitations

The decomposition model described above has some limitations. For example, it has been assumed that
the effects of the various processes on the particle size distributions of the various material groups are
approximately independent, and can be simply combined in an additive manner. ‘

In addition, the model considers the effects of the various predicted processes on a specified combination
of waste materials. Currently, a combination of materials and repository conditions which represent the
large (repository) scale average is used. However, as discussed in Section 4.4, at the scale of interest,
there will be significant variability in both the material combinations and in the repository conditions,
and the average condition would actually be very unlikely. If necessary, such variability in the initial
waste amounts and in the future repository conditions, if quantified, can be easily incorporated in the
current decomposition model as discussed in Section 4.4. The need to determine such variability and the
implementation of the decomposition model in PA is outside the scope of this elicitation.
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5. Parameter Assessments

This section presents the expert panel's assessment of each mode] parameter defined in Section 4. These
parameters relate to: the variability in initial particle sizes for each material group, including upper and
lower bounds; the effects of processes on particle size for each material group; the amount of each
material group involved; and the relevant repository conditions. The experts’ assessments are
documented in Appendix C.

5.1 Initial Particle Size Population

The types of materials and their overall amounts in each group were identified (DOE 1996b), and their

average particle size and percent of total amount were estimated based on judgment (consistent with

Clements & Kudera [1985], as discussed by the EEG on May 6, 1997, and with a video of Idaho National
Engineering and Environmental Laboratory (INEEL] drum sampling program). In addition, the bounds

(especially the Jower bound) in particle size for each group were estimated. Cumulative frequency

distributions (CDFs) and complementary CDFs (CCDFs) of initial particle volume (m3) were then
developed for each group, appropriate for large scale, by summing the percentages for all sizes less than

or equal to the particular value. A continuous curve (i.c., piece-wise power law, which is piece-wise

linear when Jog volume is plotted versus log complementary cumulative frequency) was fitted to the data,
including the assessed minimum size.

The particle sizes of each of the various material groups are discussed below.

5.1.1 Iron- and Aluminum-Base Metal/Alloys

The panel estimated that this material group ranges in size from shavings (1 mm in diameter) to steel

plug (0.3 m®). The various materials comprising this group, and their approximate percentages and

average particle sizes, are summarized in Table 5-1. The CCDF of particle sizes for this material group
is presented in Figure 5-1. This CCDF can be expressed as:

1-F{v} = {1.0E-6/v(m*)}**for v>10° m’
= { 1.0E-9/v(m*)}*®* for v<10® m®

Table 5-1 Initial Particle Size Distribution - Fe- and Al-base metals

Number of
Material Particle Volume (m®) Particles CDF CCDF

waste 2.50E-07 4.00E+06 2.84E-02 9 72E-01
waste 1.00E-06 1.50E+07 1.35E-01 8.65E-01
waste 1.00E-05 8.50E+07 7.38E-01 2.62E-01
waste 1.00E-04 3.50E+07 9.87E-01 1.32E-02
waste 1.00E-03 1.10E+06 9.95E-01 5.35E-03
drum 4.50E-03 7.30E+405 1.00E+00 1.64E-04
SWB 5.00E-02 4 A46E+03 1.00E+00 1.32E-04
SWBEB OP 6.70E-02 4 46E+03 1.00E+00 1.01E-04
canister 8.30E-02 7.10E+03 1.00E+00 5.04E-05
plugs 3.58E-01 7.10E+03 1.00E+00 1.11E-16

total number = 1.41E+08

total wt (kg* = 744E+07
Note: *density for all materials is assumed to be 6 gm/cc.
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5.1.2 Other Metals/Inorganic/Vitrified/Soils/Cements/Solidified Inorganics

The Panel estimated that this material group ranges in size from solid inorganic particulates (5 micron in
diameter) to vitrified drum size (0.21 m®). The various materials comprising this group, and their
approximate percentages and average particle sizes, are summarized in Table 5-2. The CCDF of particle
sizes for this material group is presented in Figure 5-2. This CCDF can be expressed as:

1-F{v} = {1E-16/v(m")}*#¥

Table 5-2 Initial Particle Size Distribution (e.g., other metals, soils)

Total Particle
Mass  Density ' Volume Number of
Material (kg)  (gmfcc)  Size Units (m*) Particles  CDF CCDF
inorganic nonmetal - 1.00E+04 25 5 micron 1.25E-16 3.2E+16 8.60E-01 1.31E-01
<10 micron '
Pb - particulate . 1.56E+06 11.3 100 micron 1E-12 1.38E+14 8.72E-01 1.28E-01
gloves
inorganic nonmetal - 1.50E+05 25 100 micron 1E-12 6E+13 8.74E-01 1.26E-0]
<212 micron )
soils 7A42E+06 22 01 mm 1E-12 3.37E+15 9.65E-01 345E-02
solidified inorganics  9.25E+06 1.3 0.2 mm 8E-12 B.B9E+14 990E-01 1.04E-02
cement 8.56E+06 2.8 02 mm 8E-12 3.82E+14 1.00E+00  1.6E-09
inorganic nonmetal - 9.80E+03 2.5 2 cm 8 ODE-06 4.90E+07 1.00E+00 274E-10
intermediate '
inorganic nonmetal -  4.54E+06 25 213 cc 2.13E-04 8.53E+06 1.00E+00 4.27E-11
coarse _ _
other alloys - 2.60E+06 g 23 kg 2.88E-04 1.13E+06 1.00E+0 1.2E-11
crucible ’
Pb bricks 3.64E+06 11.3 0.001 m3 1.00E-03 3.22E+05 1.00E+00 3.27E-12
Pb 4'x2' 5.20E+06 11.3 0.005 m3 5.00E-03 9.20E+04 1.00E+00 7.75E-13
lead RH packaging  3.24E+06 11.3 0.037 m3 3.70E-02 7.75E+03 1.00E+00 5.65E-13
vitrified 9.30E+06 3 053 m 1.49E-01 2.08E+04 1.00E+00 0.C0E+00
total wt. (kg) 5.65E+07 total number = 3.68E+16

5.1.3 Salt (rock)

The panel estimated that this material group ranges in size from dust (1 micron in diameter) to half room-
size slab 2 m thick (1000 m®), with an average value of 10° m’, The amount of salt fragments was
estimated to be about 2% of the original room volume, based on available room porosity. The CCDF of
particle sizes for this material group is presented in Figure 5-3. This CCDF can be expressed as:

1 - F{v} = {1E-18/w(m*)}'"®
5.1.4 Cellulosics/Solidified Organics
The panel estimated that this material group ranges in size from solidified organic particles (0.2 mm in

diameter) to compressed high efficiency particulate air (HEPA) filter (1 9 m®. The various materials
comprising this group, and their approximate percentages and average particle sizes, are summarized in
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Table 5-3. The CCDF of particle sizes for this material group is presented in Figure 5-4. This CCDF can
be expressed as:

1-F{v} = (1E-1l/v(m)}'®

although a separate description could be used for 10" mP>v>10° m’

Table 5-3 Initial Particle Size Distribution (cellulosics/solidified organics)

Total Equivalent  Particle Number
Total Volume* Density Diameter Volume of
Material Mass % (m%) (g/ec) {cm) (m) Particles CDF  CCDF
solidified organics 980 2.0 0.002 1.00E-11 9.80E+13 0.99999 5.3E-06
(1970-1986) :
solidified organics . 172 20 " 1.0 1E-06 1.72E+08 1.00E+00 3.5E-06
(1986-present)
Kimwipes 5% 512+ 0.9 13 2E-06 2.56E+08 1.00E+00 9.4E-07
sm paper filters 10% 1024% 0.9 ' 3.0 2.7E-05 3.79E+07 1.00E+00 5.5E-07
20mil 12"x12" rags 15% 1537+ 09 3.6 4.70E-05 3.27E+07 1.00E+00 2.1E-07
10mii 10"x12" 10% 1024* 0.9 4.5 9.10E-05 1.13E+07 1.00E+00 9.9E-08
cardboard cartons ' ‘
HEPA filters 15% 1537+ 09 6.6 290E-04 5.30E+06 1.00E+00 4.5E-08
wood frames for 10% 1024* 09 7.3 390E-04 2.63E+06 1.00E+00 1.9E-08
filters
1.5 m* 10% 1024* 0.9 9.1 7.50E-04 1.37E+06 1.00E+00 4.6E-09
coveralls/booties .
HEPA filters 15% 1537% 0.9 16.5 4.50E-03 3.41E+05 1.00E+00 1.1E-09
wood frames for 5% 512% 0.9 18.5 6.30E-03 8.13E+04 1.00E+00 2.6E-10
filters ]
2'x4'x344" plywood 5% 512% 09 27.0 2. 00E-02 2.56E+04 1.00E+00 0.0E+00
100%
total weight (kg)  9.22E+06 total number = 9.8E+13

*With the exception of solidified organics, the values for total volume are computed as the product of the particle
volume and the number of particles. The number of significant figures in a value for total volume is limited by the
number of significant figures in the corresponding value for particle volume.

5.1.5 Rubber/Plastics

The panel estimated that this material group ranges in size from drum filter gaskets (1cc) to 90 mil drum
liners (0.03 m®). The various materials comprising this group, and their approximate percentages and
average particle sizes, are summarized in Table 5-4. Based on this, the CCDF of particle sizes for this
material group is presented in Figure 5-5. This CCDF can be expressed as:

1-F{v} = {6E-Siv(m®)) " for v>10" m’
= [1E-6/v(m™))*'® for v<10™ m’
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Table 5-4 Initial Particle Size Distribution (rubber/plastics)

Particle  Number Total
Volume of Density Weight
Material (m*) Particles (g/ee) (kg) CDF CCDF
drum HEPA Filter 1.00E-06  1.00E+06 1.14 1.14E+03  2.21E-02  9.78E-01
gaskets
smaller plastic 1.00E-05  1.46E+07 1 146E+05  3.44E-01  6.56E-01
pieces
rubber gloves 1.00E-04  4.00E+06 1.14 456E+05 4.33E-01 5.67E-0]
small plastic bags 1.00E-04  2.19E+07 1 2.19E+06  9.16E-01  8.41E-02
drum gaskets 1.50.E-04  7.30E+05 0.5 5.48E+04 932E-01 . 6.80E-02
SWB gasket 4.50E-04  8.92E+03 05 201E+03  9.32E-01  6.78E-02
Pb rubber gloves 1.00E-03  1.00E+06 1.14 1.14E+06  9.54E-01 4.57E-02
large plastic bags 1.00E-03  1.46E+06 1 146E+06  9.87E-01  1.35E-02
Pb rubber aprons 400E-03  1.00E+04 1.14 4.56E+04 9.87E-01  1.35E-02
o0mil HDPE liner  7.70E-03  6.00E+05 1 4.626+06 1.00E+00  0.00E+00
total number =  4.53E+07 total wt (kg) = 1.01E+07

5.1.6 MgO Backfill

The panel estimated that the MgO backfill has a constant particle size, based on the limited range of

MgO pellet diameters in comparison to the broad range of particle sizes for TRU waste. For example,

. the MgO pellets for recent experimental studies have a range of 0.5 to 4 mm (SNL, 1997b). With this
assumption, the CCDF for the MgO backfill can be expressed as: Py :

1-F{v} =0 for v>10° m’ {7

= 1 for v<10™ m’ \_J, |

5.2 Effects of Processes

In addition to initial particle size distributions for each material group (Section 5.1), the byproducts of
corrosion and dissolution were estimated by the expert panel as follows:

e Most of corrosion and MgO-dissolution bypreducts will precipitate out as cementing agents, with the
remainder precipitating out as free particulates. As shownin Figure 5-6, it was assessed by the panel
that a maximum of 25% of the corrosion and MgO-dissolution byproducts will precipitate out as free
particulates, and that this percentage will decrease to zero as the remaining available porosity
decreases towards zero. It was also estimated by the panel that the free particulates will range in size
from 0.1 to 10 microns, with an average value of 2 microns.

e Even more of dissolved salts (from brine) will precipitate out as cementing agents, with the
remainder precipitating out as free particulates. As shown in Figure 5-6, it was assessed by the panel
that a maximum of 10% of the dissolved salts will precipitate out as free particulates, and that this

percentage will decrease to zero as the remaining available porosity decreases towards zero. It was
estimated that the free particulates will range in size from 0.1 to 10 microns, with an average value of

2 microns.
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size (i.e., a cemented mass) as the cement volume approached about 40% of the pore space (assuming

e As shown in Figure 5-7, it was estimated by the panel that the particle sizes would approach room |
about a 25% porosity prior to cementation), and that the range in particle sizes would also decrease.

5.3 Amounts and Distribution of Materials

As summarized in Table 5-5, the relative amount of each material group at the large (repository) scale ,«T

has been assessed in various ways: ! ,,éia‘f :
5, LA
\h_//'

« By combining the weight percentage of the more detailed materials (Table 2-1}) with the
categorization of each of those materials (Table 4-1), the weight percentage of each material group
were determined (in the particle size distribution model). This should be consistent with the total
weights for each material group presented in Tables 5-1throngh 5-4. :

» By summing the products of each particle volume and the number of particles of that size for each
material group, as presented in Tables 5-1 through 5-4, the total volume for each material group was
determined. The volume for salt and MgO backfill were estimated by the experts separately.

Although these amounts are appropriate for large scale, there will be significant variability at small (e.g..
individual drum) scale. Ideally, as discussed in Section 4.4, the variability in amounts at the scale of
interest would be assessed quantitatively. However, in lieu of such quantitative assessments, the
variability can be discussed only qualitatively, as also summarized in Table 5-5.

Table 5-5 Amount and Distribution of Material .
Wit Vol Vol Spatial Variability

Material Group Wt %  (kg) (m*) (%) Lateral Vertical Location
Fe- and Al-base metals 28.9  7.4E+07 1.24E+04 143 waste container waste container every container
Other metals/soilsfetc.  22.1 5.7E+07 2.04E+04  23.5 variable* waste container variable*
Salt 9.1 23E+07 1.04E+04 12.0  toom seals top of room throughout
Cellulosics/Solidified 4.0 9.2E+06 1.14E+04 13.1  variable** waste container variable**
organics
Rubber/plastics 4.6 1.0E+07 9.93E+03 11.5 wastecontainer waste container every container
MgO backfill 313 8.1E+07 2.21E+04 255 sidesofroom  top of room throughout

{except RH)

*The solidified inorganics/soils/vitrified are variable at the 7-drum pack/SWB and the other materials (Table 2-1}) are
variable at the waste container '
**The cellulosics are variable at the waste container and the solidified organics at 7-drum pack/SWB

5.4 Repository Conditions

The prediction of the extent to which each process has occurred as a function of time is outside the scope
of this elicitation. It is assumed that PA will predict the relevant repository conditions and their
uncertainty including:

» the extent of corrosion of Fe- and Al-base metals; . '

o the extent of biodegradation of cellulosics/solidified organics,
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« the extent of biodegradation of rubber/plastics:
¢ the extent of MgQ dissolution,

¢ the porosity of the waste;

e the amount of pr;acipitated salt; and

» the amount of salt encapsulation. "
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6. Results

The model presented in Section 4 was implemented with the experts’ parameter assessments presented in
Section 5 in order to illustrate how to estimate waste particle diameters at the time of inadvertent human

intrusion as a function of predicted repository conditions. In this section, these results are presented in a
format compatible with PA, as discussed in Section 2.

6.1 Distribution of Particle Sizes

The distribution of particle sizes at a random location at the time and scale of an inadvertent hurnan
intrusion can be developed as a function of the estimated extent of processes which have occurred up to
that time, as predicted by PA. This result is expressed in the form of a model, as discussed in Section 4
and presented in Appendix B. Hence, there is no unique particle size distribution (except for the initial
conditions at the end of the 100-year active institutional controls period), but instead it must be assessed
in conjunction with PA.

A simple hypothetical example has been developed to illustrate how the model could be used and the
types of results that might be obtained, depending on the repository conditions predicted by PA. These
results are shown in Figure 6-1.

In addition to the assessed initial amounts and particle size distributions for the various wasie groups, as
well as the characteristics of their degradation byproducts and dissolved constituents at the end of the
100-year active institutional contrel period (see Section 3), these results are based on the following
hypothetical inputs from PA for the specified time of intrusion:

o corrosion of iron and aluminum base metals is 50% complete (i.e., 50% of the material remains) and
has removed a depth of 10 microns on average from every surface (i.e., a change of 10 microns in the
radius of an equivalent spherical particle);

e  biodegradation of cellulosics and solidified inorganics is 50% complete (i.e., 50% of the material
remains) and has removed a depth of 10 microns on average from every surface (i.e., a change of 10
microns in the radius of an equivalent spherical particle);

e biodegradation of rubber and plastics is 50% complete (i.e., 50% of the material remains) and has
removed a depth of 10 microns on average from every surface (i.e., a change of 10 microns in the
radius of an equivalent spherical particle);

o dissolution of MgO is 50% complete (i.e., 50% of the material remains) and has removed a depth of
10 microns on average from every surface (i.e., a change of 10 microns in the radius of an equivalent

spherical particle);
e porosity of the waste which is available for cementation is 20%;

e precipitation of dissolved salt from the brine (due to corrosion and MgO dissolution), either as free
particulates or as cementing agents, comprises 20% of the waste; and

o encapsulation of waste by creeping salt comprises 10% of the waste volume.
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It must be emphasized that these repository conditions are strictly hypothetical, and are not necessarily
consistent with any actual PA results.

As shown in Figure 6-1, the initial particle size distribution shifts to the lefi (i.e., smaller particles) due o
reduction processes {corrosion, biodegradation, and dissolution). This modified distribution then shifts
back to the right, with even larger particles than before reduction, as cementation (due to precipitation of
corrosion products, dissolved MgO and salt from brine) is considered. The distribution shifts even
further to the right as encapsulation (due to salt intrusion by continuing plastic flow) is considered. For
example, about 25% of the particles are predicted to be larger than 1cubic centimeter (cc) before
reduction, cementation, and encapsulation are considered. In this hypothetical example, this decreases to
about 19% as the reduction processes are considered, but increases to more than 99% as cementation and
encapsulation are considered. The cumulative frequency for any other particle size, or the particle size
for any other cumulative frequency (i.e., percentile value), for the hypothetical repository conditions can
be derived by interpolation from Figure 6-1. '

It must be also emphasized that the particle size distributions are a function of the repository conditions
at the time of inadvertent intrusion. Although the initial results at the end of the 100-year active
institutional controls period will be the same as shown in Figure 6-1, the results after reduction,
cementation, and/or encapsulation may be significantly different than the hypothetical example shown

here.

The uncertainty in future repository conditions can be propagated through the particle size distribution
model in various ways to determine the uncertainty in particle size distributions. However, such
implementation is outside the scope of this elicitation.

M

6.2 Discussion

6.2.1 Assessment

This study addresses the distribution of waste particle sizes at the time of inadvertent intrusion, sometime
during the 10,000 years following the end of the 100-year active institutional controls period. Because
such distributions cannot be determined absolutely, it is expressed in terms of a probability distribution
(or relative likelihood) of particle size populations. This probability distribution has been determined by
assessing the value of various “parameters” (e.g., extent of a process), and then implementing those
parameter assessments in a model, which incorporates specific assumptions. There are various types of
parameters, including:

e Boolean single value - one of two possibilities, such as whether biodegradation will occur;

e Discrete single value - one of a finite set of possibilities, suchas which material will be intersected
by a borehole;

o  Continuous single value - one of an infinite set of possibilities, such as the extent of corrosion; and

e  Population of single values - one combination of a finite (for discrete variables) or infinite (for
continuous variables) set of possible combinations, such as the sizes of all particles potentially
affected by a borehole.
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However, because of the nature of the parameters, they cannot be known with certainty and the ‘
information that is available does not allow for their statistical derivation. Instead, a subjective
assessment based on the judgment of a group of experts, consistent with available information, 1s
necessary. The assessments involve estimates of the possible values and their relative likelihood
(probability distributions) for each single value parameter (including Beolean, discrete, and continuous
single value variables, and the statistics such as the mean of populations of discrete or continuous single
value variables). Therefore, the resulting probability distribution for the population of particle sizes is
necessarily based on: ‘

specific models and assumptions for determining the particle size distribution, as a function of
specific parameters; -

currently available information regarding those parameters; and i

the opinions of a specific group of experts regarding the possible values of various parameters, based
on that information. :

6.2.2 Reliability

Appropriately, the questions can be asked, how “reliable” are these results, what other results would be
possible, and how likely are they? Different results could conceivably occur due to:

changes in the opinions of the group of experts regarding their interpretation of the available
information, which could lead to changes in the assessment of model input parameters;

the use of a different group of experts, who might have different opinions regarding their
interpretation of the available information, and thus would have different assessments of model input

parameters;
the use of different models and assumptions for implementing the input parameter assessments; and

additional information, which would affect the group’s assessment of model input parameters.

These issues relate to group internal and external consistency, model uncertainty, and additional
information, respectively, and are discussed separately below.

6.2.2.1 Internal Consistency

The elicitation process was intended to ensure that the specific group of experts was as accurate as
possible in expressing its collective assessment of the various model input parameters, consistent with

the available information. Hence, it is unlikely that, given the same information, this group would
change its opinion significantly regarding their probability distributions for the input parameters, and
thereby change the resultant probability distribution for particle size population. Although conceivably
this could be guantified by repeating the group’s assessments without referring back to their previous
assessments, this would be very costly (essentially adding 100% of the original costs of elicitation for
each repetition) and would not be expected to show much difference, given the initial level of care.
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6.2.2.2 External Consistency _ .

Similarly, the group of experts is relatively large and was selected based on their qualifications in the
various areas of interest and on their lack of biases, as well as their availability. Hence, the group can be
considered a representative sample of the unbiased technical community. The inherent variability in
opinions among individual members of the group was averaged out, to some extent, through consensus
building. Because of its size, qualifications and lack of bias, it is unlikely that, given the same
information, another representative group (or the technical community as a whole) would have
significantly different collective opinions regarding their probability distributions for the input
parameters and thus, a different resultant probability distribution for particle size populations. Although
conceivably, this could be quantified by having other groups independently assess the same paramelers,
based on the same information but without referring back to the original group's assessments, this would
be very costly (essentially adding 100% of the original costs of elicitation for each repetition) and would
not be expected to show much difference, given the group’s representative characteristics. It should be
noted, however, that individuals within the technical community might have significantly different
opinions, especially if they are biased or have different qualifications, and they would thus have a very
different resultant probability distribution for particle size populations. It can be argued that such
“outliers” are not representative of the entire technical community and that they would be averaged out in
a collective assessment, in a similar way as was done within the group (i.e., through consensus building). -
Although the variability in individual’s opinions could be quantified by having various individuals
independently assess the same parameters, again based on the same information but without referring
back to the original group’s assessments, this would be relatively costly (essentially adding 10 to 20% of
the original costs of elicitation for each individual assessment) and would not be expected to be very
useful, because it ignores the effectiveness of consensus building.

6.2.2.3 Model Uncertainty

Although reasonable models and assumptions were used to implement the input parameter assessments,
other models and assumptions could have been used. For example, specific distribution forms and their
descriptive parameters (¢.g., parameters of the power law) were used in some cases to fit the expert’s
assessments. In other cases, specific assumptions were used (€.2., independence of processes and
materials). The expert panel agreed that these were reasonable assumptions. Although conceivably, all
other potential models and assumptions could be identified and their validity evaluated, and the
associated probability distribution for particle size populations determined and qualified by that validity,
this would be relatively costly (essentially adding 100% of the original anatysis costs for each alternative
model/assumption) and would not be expected to be very useful unless the current model/assumptions
result in particle size populations that lead to unacceptably high releases, which in turn, lead to
unnecessarily expensive decisions.

6.2.2.4 Additional Information

Currently available information has necessarily been used by the group of experts in their assessments of

the model input parameters. Additional information might reduce the uncertainty in the assessment of

any single value parameter (e.g., the effect of one process on one material), although the variability

among members of a population (e.g., particle size populations throughout the repository at a particular

time and scale) would remain. Such changes in the model input parameter assessments would clearly

affect the resultant probability distribution for particle size populations. In fact, if “perfect” information .
could be obtained (which is impossible), then the uncertainties in the single value input parameter
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assessments would be reduced to zero (they would be known), and the probability distribution for
particle size populations would simply be a function of the random-chance factors (e.g., where the
intrusion occurs and, therefore, which subgroup of the population will be involved). For example, the

_ relative likelihood of what the assessed probability distribution for particle size populations would be
after perfect information on the effects of each process on each material has been obtained (using the
same models and assumptions) would be given by: 1) the probability distribution for the extent of each
process as a function of time (from PA); and 2) the probability distribution for the initial population of
particle sizes for each material. The uncertainty in the updated probability distribution for particle size
populations given perfect information, gives the bounds if less than perfect information is obtained. The
process of revising probabilistic assessments based on new information is called “Bayesian updating,”
and is predicated on obtaining additional information about the parameter. However, if no additional
relevant information is obtained, then the assessed robability distribution of particle size populations
does not change. It is unikely in this case that substantial additional information (much less “perfect”
information) on this topic can be obtained in the reasonable future, so that the model input parameters
assessments, and thus the assessed probability distribution of particle size populations, will not change
significantly. It should be noted that, in any case, the current uncertainty is relatively small compared to
variability, which leads to relatively small uncertainty in the updated probability distribution of particle
size populations, given any additional information.

6.2.3 Conclusions

The various potential causes for significant changes in the assessed probability distribution of particle
size populations include: different models or assumptions used in decomposing the issue, as a function
of specific parameters; internal and external inconsistencies in subjective assessments of model input
parameters based on available information: and additional information related to model input parameters.
Each of these potential causes have been evaluated for this study, and found to be either inoperative or
mitigated (e.g.. through careful procedures). Hence, it is believed that the model for estimating particle
size populations developed in this study is reasonable and defensibie, and that significantly different
assessments will not be determined in the foreseeable future.
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Figure 6-1 Example Results for Distribution of Waste Particle Sizes
for a Hypothetical Set of Predicted Repository Conditions at the Time of Inadvertent Intrusion
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7. Conclusions

Conclusions and any potential limitations regarding the process and results of the expert elicitation on
waste particle diameters at the time of inadvertent human intrusion, as described in previous sections of

this report, include the following:

» A defensible conditional probability distribution for the frequency of waste particle sizes at the time
of inadvertent human intrusion (subsequent to the 100-year active institutional controls period) has
been developed in the form of a model, which relies on PA for input on future repository conditions
and which in turn can be used by PA in predicting waste release scenarios. However, the
implementation of the particle size distribution model and the subsequent application of the results of
the model in PA is outside the scope of this expert elicitation.

¢ Currently, only the average (large scale) initial waste amount and repository conditions have been
considered. However, there may be significant variability in these input parameters, and then in
particle size distribution, among locations at the relatively small scale of interest. Such variability
has been considered qualitatively, but could be accommodated in the current particle size distribution

model, if needed.

e The radioactivity associated with various particle sizes is outside the scope of this expert elicitation -
and it has not been assessed in this elicitation. However, althoughitis a complex issue, it should be -
noted that a significant portion of the particles (e.g., related to backfill and salt fragments) are non-

radioactive.
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P i Y UNITED §TATES ENVIRONMENTAL PROTECTION AGENCY

® @3 - WATHINGTON, D5, 19080

HAR 19 1897 ' L oweor
. : AR AND RADIATION

Honorable Alvin Alm

Asgigtant Secratary foz _ ‘
EInvironmental Management ' ig;’-

0.8. Department of Energy _ C
1660 Independence Rve., -1 ‘ N

¥ashington, DC 20585

Daar Mr. Alm:

The U.5. Envirenmantel protecticn Agency (EBPA) racsived the
U.S. Department of Enexrgy‘'s (DOE) Compliance Certification
Applicacion (CCA) for the Wasto lselation Pilat Plant (WIPP) on
october 392, 1996. The Agency {mmediataly coumenced its review
- pursuant. to Section &(d) (1) of the WIPP Land Withdrawal Acc, &8 -
. amended. to svaluats whethar tha CCR demonstratsa and documents

WIPP’s complianca:with BPA‘S radiosetive waste disposal

‘regulations at subparcs B and C of 40 C.F.R. Part 191.

On December 19, 1996, Maxy Wichols, Assistant Adminiscrater.
for the Office of Air and Radiation, sent you a lstcer
idencifying certain aspects of the CCA that .my staif had
preliminarily determined to reguire addicionsl supporTt-OF
documentation. Tha purpese of that jstter was to provide DOE, ad
esxly as possible) wWith-s praiiminary msssssmcnt of EBPA'S
cancerns Tegarding the CCA. Since we sant that letter, we have
had the oppertunity te: {1) conduct a mors dstailed revisw of the
cchy {(2) preliminarily consider numercus public comments received
en che CCA during; ths public cemment pericd; and (3) evaluate
DOE's reaponses to the latter. Bassd upen careful evaluation of
each of these factors, we have devesloped liats of iseuss that
naed to be addressed by DOE in oxder for EPA to rander a
compliance certification dacinion (eee Bnclasures 1-6). Thie
Jetter is bamed on » Feview of all materials receivsd by EPA by
March 12th.. Since we continue te receive infexmation fyom DOE on
a regulszr basis, some of the {nformacion receivad pince Mezch )
12th may address certain points raiged i1 the snclosures. We
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will expaditiously: rsview thase maceridls, ae¢ wall as materials = .
" raceived in the futuze. ' : L j/lﬁ'g
] . : - S : Yy
The first- iscue i3 the adeguacy of certain conceptumi
models. A8 YOU ark awars, the. Spallings Modsl predicts ths
amount of solid material Telesssd during a drilling svent --'an
jmportant release scenaria.. The 'Spallings Model has been found
inadequste by DOZ's indspendent psal review pansl. Alee, tho
chamical Conditiona Medel, which dstermines the Qissolution of
radionuclides in hrine found around WIPP, has besn deamed
insdeguate by the same DOR pasr reviev panel. -We have been

~ informed by your acaff that tho pesar review pantl will be Te-

. ecenvensd Maxoh 311 o APTil &, 1397, te re-eveluato thase modaln..
The results of thase peezr ravisws are critical to the Agsncy’s
avaluation of the {CCA. We request that DOE provide us with the
pesr review reports and.LOK's assessmant ‘of the status aof the
conceptual models. This will enable us €O determine the impact
on our review ot gn. CCA. . ' . : '

.
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The secéond aryes of concern is the derivaticn of impozrtant
input poremetars, :and thelir agsociated values, for the
performance ssgaggment.  This concern is significant bscause :
parameters are used as inputs to the corputer codas that - v .
ealeuldts potentigl releases ¢yom the WIPP, Of the approximately
1,600 input parameters reviewed by EPA, 58 parawscera chat could
have u significant impact on the results of the performancs .
asseasmant ars of ' ¢cOncerTn. 1 have dividad theas 58 parameterd
ipte three differént categoriam, each of which ig limted in a
sepazate enclosure. ' ' :
The first aat of paramsters is.thoss for which we have baen
unable to. £ind pupporting date (sae Enclosure 3). My staff has
paen working coantinucusly sinoe November to establish the .
traceability of tpa paramster and aata record packages that
support the. input: paranster valuép used ip the parformance . '
asgsssmant. The Records Canter hep greatly improved since
NovembeXr. We encpuzage [he Department Lo continue with these
impsuvemants te fmeilitate retrieveability of records. To date,
13 Xey input paramsters sre either not supported by experimental
oz field data, ox the dats trail is untracesble. The Cerpliance
Crituria, at 40 Q.F.R. $5194.26(s), claaxly indicata that .input
paramaters ghould bs based on actual expaziwmental data. 'TO the
extent that cortain input parsmater values cannot bs obtained
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through data collection o¥ expurimsntaticn, DOE may dsyive puch’
values using “expert judgment.” The Compliance Criteris ast
fozth explicit reguiremsnthk for the proper conduct of alicitacien
of such expert judgment. Thus, in aceardance with the compliance
Criteria, DOB muat;provide the following suppost for the eritical
input parameters that appear to be unsupported by actual dacar
{1) decumantmtion of actus} data collection and/or results of
experimentation, or (3} demonatzaticn that EPA!e wipert judgmant
procedures were folloved. in selacting the parameter values,

The smcond n.k of five {nput pRIametwzs ATE those for which
EPA has reviewed the ouppoxting-in!ormntidq and finds that the
inrormation in thel record supporto 2 velus or yange of valued
different from thome selected by DOE {ses Enclosure 3). EPA
suggeets that new walues. r rangss ba aclected for thesa
paramsters. My stalf will be available to mest with DOE to
explain these # sted changes. ' o
) \ . . . .

7he finsl sst of 40 input paramaters ars thoas far which EFA
bae reviewsd the supporting daca and has gusgticnd about the '
valum(s) salucted [(see. Enclosure 4). My etaff will bs svailable.
to meet with DOE gteff to revisw tha supperting dpcumentacion for
each of thess pardmetera to see. if changas to the vsius or range

selected for aach‘pl:gquter are needed.

~he third arda of cencorn relates . to specific gcenazios that
vere aliminated from tha CCA’s. periormance esZesMent
calculatione. Aslyeu knou, cohcaptual modals. Zeprasent .ouy
undezatanding of WIPP and include different typss of scenarics,
sueh as human activities (e.g., drilling) and 'geelogic procasses
(a.g., sarthquakes), that eould occur ovar the ragulatory time
trane. EPA hms cencluded, as have numercus public cowmantexrs,
that the CCA does:nst contaip adaquate justificaticd foz _
eliminating considazation ef ths occurrsnce of certain fluid
injection scenaripa at WIPF. Therefors, BIA soquires® sither
additional substaptiation te suppozrt the alinination of  fluid
injection scunarits from performanca assessmant calculations, or
revision of tha psriormance sssesemant to inelude appropriats
fluid injection sgenarios.: '
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The lest item of concsrn relates to the fimal resulte.of the
psrformance assessment calculations. _Since the performance
assessment representa how WiPF is expected to periorw in the
futurs. it is critiecal that site charscteristics, conceptual
models, computay codes, and input PAYARRLOIS be as repyesentative .
of the disposal systam ag possible. EPA baliaves .ehat final
vesolution 'of the thres imsuecs idantified above may result in
aifferent performance 3esussmenc input velues, as well asg
revisions to gome of the modela. yurthar, BPA is swars that some -
modela have already been changed by DOE and its concractors.
Acoordingly. DOR will probably need fo reruf the parformanca -
assessmant to demopstrate that the WIPP complied with the
disposal criteria using the revised wodels, input paramsters and
acenarios. If DOE decides net to rerun the performance
assessmant. the Dspartment will have to AsmdnstIiace why ths
cashingd effeet of 21l the changes is aot significant enough to
raquire new perforpance assessmant computaer rune. nnliudividunl S
impact analy-is,oﬁ q,ch-cﬁ;ng. that doocm not take into sessunt /Q%f'
the aynergistic and. holistic sffecte of all of the changes will
not bs sufficient. Thig .new parformance &33sSSmaRnt or -
dememakration will. anabls us to complete our review of the . CCA.

The above requests, oo well as s conplete listing of othar '
Agency cencerns, are explained in datsil in Enelegures 1-6 ©O ' .
thig latter. Enclosures S and ¢ list findings from rmaenc
quality assurance .and peer review audits conducted to verily
conformanea. with the Compliance Cziteria at 40 C.F.R. '

.s1%4.22{a) (1) snd §184.27 (b}, respectivaly. The i{amruas described
in this lettar and enclosures includs EPA'S outstanding concexns
with the CCA. In order to facilitate EFA‘a duuision-naking -
process. Pleass sqnd me a- lsttar describing how, and when, the
Departmant will regolve these concerns. " :
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Thank you for|your continued cooperation during our reviev ' .

proosss. Should ypu have quasticns regayding this request,’

please cail me at kac2) 233-2320.
' 7

v Sincersly,

E. R'nmoﬁa- reasvato, Direcror
o2tics ©f xadiation and Indoor ALy

r

BEnclosures

co1 Mary D. Nichdls (EPA)
Tom Grumbly (DOR/KQ)
Gaorge Dialf | (DOB/CAD)
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WIEP Compliance Certififation Appliestivs Techuical lames Requiring Additional

Informstion Prior to EPA|Rendering & Certification Dacisfon -~ - _
T y | . _ . . {/’i:;

Conient of Comnlianes Cartification Agilicatl S [ =
. . ) ' ' - 1\\ 3

194.14(2)(3) . ' , : . S

Section 154.14{a)(2) sates that the description of the disposal system shall includas description

of tha geology, geophysics, hydrogedlogy, hydrclogy, and gooshamistry. of the dll‘pbll'l gystem

and itg vicipity and how these are expissted to change and interact over the regulatory time frame.

The CCA idendfies a naw g on of the brigin of ihe hydrogeochemical facics in the
Culebra: The cxplanation qf the relstionship batween the hydrockemics! faciesandthe  ° .
groundwater basin mlodeling is not adequats. Beotion 2.2.1.4.1.2 briefly meatons & poteatial
relationship but does not provide support for the ljulaﬁonship. ' :

DOE nesds 1o previde a ditcussion of the arfg.lln of the rydrochamical focier that in:am-

the modeled Culsbra palecfiow directions with geochemical princlples.

194.22(c) . " . R
Section 194.22(¢) requires khat the complisncs spplication describe, 1o the extent prasticabie,. 3
how dais used o support cpmplianes hava been astonsed for the five tafersnced data quality
characreristics: accuracy, precision, ropressntativensss, campleteness zod cemparubility.

Section $.3.21.1 of the COA sates that * it is not prastieal apply deta quality characteristics
to most scientific investigations used 1o support 8 performance assessment in which there {3
uncertainty in tha conesptyal models and the resultant ranges-of parameters.” )

While some Wam'men ufpz supports this stetement was provided in the CCA, EPA récylrcx
additional documentation from DOE thet supports tha CCA arguments and urss speclfic
measured data points o spampiss. . :

. ‘ [ ‘ :

1

Models and Compuler Coples
menwem - o .
Section 194.23(e)(3)(T) sttes that any campliance applicaton shall inciude documentation that

co models and scgnarios reasonsbly represent poasible future states of the dnpnul

re-k3 CTZLCOBTOC YVI CT:%T7 Jdu  26/81:tp
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Best Copy Avallable

i BPA's undersianding that aier an izita) B2 drlling inrusion, subsoquent £2 drlling |
intrusions do not produdse releases vis allings or direct brine reloase. 1t1s not clar whether.this
iv w suodeling outeome or an ALEUMBAOR. . '

DOE needs to provide a descripiion qf'un implcﬁcnran'pn of the B2 scenario that addresses

. reisases when another E2 event occurs.

19433mENY) | | ' .
Section 194.23(a)X3)iv) staten that computer models must aczurately implement the numerical -
modsls; L.¢., compuisr cudes are free of voding errorsand produce stable solutions. ' G{'

. . R . - . ‘ ' . . 3 ' E fg
(1) Testing of the funcricnal requirements fot SECOTEID s not. documentsd in the CCA's -

vdidstion doeuments. Tha infarmation presented in the Analysis Plan {providzd in December
1996) addroases this comment from u completaness standpolet: nowever, e tenting of the
SBCOTP2D is not techaically sdaquats. .

DOE needs 1o test SECOTP2D with @ haserogensous transmissivisy field.

(2) Therc appears 1o ba & raass balance problem in SECOTF2D that could cause the computar
code to produce calculations with arTors snd thus inascumely implement the pumesical n;odah.

DOE nesds 1o provids an cm!y.m af the mags bolance in SECOTP2D and itr affects on
caleulgtions of radionuclids transport in the Culabra. ' :

(5 Potonticl exsors have becn found in the computer codes.

DOE needs 1o identtfy errérs that have been found in the computer cades since ths PA

caleulations were run for ihs 10/29/56 CCA submission. DOE needs o duscribe the impactof
thase errors on the resultsof PA. THE. . -

(4) While tha type of teatiing for the SECOID cods appears to be appropriste, the mont relevant

testa (Hsted in Reoord 25, AVPO 43367) we oaly briofly deseribod, and test resuita &re not

presented.
Tha 1aats menrionsd in Re:nrdis nead 1o bo paﬂy»dqs':rlbsd and !’l‘l results pfov_tdcd. .
194.23(6)3) - |

 Section 194.23(c)(2) roquires thist thz CCA include demiied iantructions for ekecuting the

compuzer codes, including hardware and softwate requiramenss, loput wud outpy formets,

listipgs of input and ouput files froma sample computer run, e,

ve-K3
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NUTS Validation Documest, page 1205: EFA commenred in the Decernber 1996 lettes that
" thers is no obvious physica] reason for oscillations in the conoantrution protile and tsre arc .
cancerns about the of the wating. DOE responded that the *epparent cscillatons”

are actually conceatration jccumulations due to the velocity ficld and coarge grid that was

used, DOE also stated that oo Atiempt was mads 10 actually solve the problam described in the
test. DUt inftesd. the purp mlmdpnmﬂmwbathﬂmmmmmlﬂ!ﬂm :
computed by an inde technique (l.¢., MT3D) given the velocity field. This may be
true, Although It raisss twe issuos: (1) ginoe MT3D is known to have problems p

sccurata soluions. 48 essaptially perfect match of the NUTS rorulis to thase inascuracies does
not producs confidence thitthe NUTS gode i providing sccurste setutions: and (2) the fact
thet the same dogres of grid coarsencss 1edds 1o exactly the saz0s Jevel of itaccuracy in both
codas i unususl behavior for two independently formulated codoa. : '
DOE should use the can;pmcadc SWIFT to berchmark NUTS far the sama probiem, Witk the /;_f”
exceprion that the grid be nade fins snough o provide en accurats solution. ' 7

194.23(e)(€) _ . - '
Socton 194.23(c)(A) stales that detailed deseriptions of dsta collection procedures, sources of
data, data reduction and u‘i.lylls. and code input parametar development must be dbcurented i

(1) Concems regarding Mw marker beds piill necd to bo addresssd. Spealfically, the
informotien o the inco ;on of the anhydrite behavior is vaty genersl and does not provids |
the detailed information n 1o reproduce DOE's results regarding the incorporstion of :
permzability and porovity L . o . .
o : —

" DOE nesads to provide | srmation that explains tha-mathudolagy by whick the permeability

varsus presnos curnes und porasity versis pressure curves were developed DOE nesds to

explain the permeability opd porosity curvas generated by Mike Lord (atached o the February

26 responas as the 1/29/9§ mamo te Mergaret Chu and ths 1/24/35 mamo from Kurt Lorson to

Miks Lord ond others). ) : : : CeL -

(3) Coacerns regarding 3 flow Transwiissivity feansze giill remain, A low transmaissivity region
appests consisently in thp calibramd wamsmissiviyy flelds in the northepstern portion of the site
where thisre are linls .mm-ummmmmnmmnmum :
these are lltte data to comroborate the interpratation, Low mransmissivicy produses long mavel
times and could produce an overty optimistc PA. oo

'Informstion provided by M. LaVenae at s DOE meeting oa 17 and 18 scpnmb.i 1996 0t
endia originally indicandd that the fow transmissivity segion is dus to & single vary low
vansmisstvity dma pofnt p p-18 . From the histogram of Culebra transmissivity daa, B

coo®
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P18 duta point eould be ariuzd 1o be a statistieal oudies. Qivea tho large variaten of
ransmisslvity data over thy wider region, e P-18 data poigt could also bs valid. But e
geostatistical metbods. in GRASP_TNV should not allow the daa pelnt 2 P-18 to produce low
wrengraissivity in the northaasiern pardon of te sitz that is far separatsd from P-18. -

mnbﬁmpomnl’.?hi'l uqucnofneceuibﬁ 19, IMMth_mm :
im:peud!ﬂMtocouﬂﬂlhttholldlﬂ-pom But it Is swted that s P-12 data point is

conslstazt with the gaaiogigal conceptual modal. urthes, it is st thxt the P-18 data point
has a minor affcct becaussjof te gmuul_ticl_lmulwdlusad.mﬁm_w. - -

Wil th 1bove DOE resgone is reasonable, e origins] question sl remaias a5 w0 why -
. thers is » Jow transmissivity fesmure in the Tasierp portion of the site where thare are lirtle data
. o confirm the feature, - .

DOE needs to provide the iransmizstuity fiald that rerulrs from kriging the trankmissivity data
and which doss not show the low wransmisstvity ragian In the northaasiern par!. DOE nseds to
provide sevaral pypioal trausmizsiviey flolds caltbrated 1o steady-siart haad dota that show the
appearanzs of the low travsmissivity, faarury i the northsasters parl of the sits.: These plois
nead to ke accompanied with an explanation ai lo the reasons wip the calibrotion causes this
low traxsmissivity foanoe in the northeasiern part of the site. ' '
(3)“Legecy” parameters Were dovélopes ‘and usod in the 1992 PA eaiculation and in the CCA
PA calculations without alterstion: Current parsmeter packages simply reference “Legacy”
pararneiers without explaining how they are developed or providing wasoshility 1o sousce

dooumpntd, .

DUE naads 1o document 'rl‘;s deveiopment qf *Legocy” parmm: [ :how traceabillty. @; )
. ' (-_.-'

194:34(a) o K : C o

Section 194.2¢ requires thic CCA to inciude s dmcription of he chempical, rediologics), and

physical composition of al) exining wasts (and, 10 the extent precticabls, to-be generated waste)

proposed for disposal ja.th WIPP. : ' .

1) The BIR Indicmes ﬁmpn ﬁepnrtmaathu_eouuudm racent fuformation on the waste -
w:iy of the genetstor sites, in purticular, information were collected during the Jasuary 1996
ta call. . oot . e ‘

If the Dapariment would Hke this informatton m:ma as pari ¢f ths application. then it
sthould provide that to tha Agency. Otherwiss, EPA will assums thai the waste inventory

P10
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| 198.26()(1) 5 N R '. :
. Section 198.24(¢)(1) res DOE 10 demmon rats that for total loveatsry of waste proposed o1

N —
!
|
}

information submitted with}rhl Octobur. 29, 1996 gpplication is that on whick we will base owr
certification deciston. | - o - "

l
194.24(b) . I o _
Section 194.2¢(b) nqmmLﬂ CCA @ inciude a complete disanssiop of Al waste characteristics
that influence disposal perfhrmance, including but not limited 1o solubility, formation of colloids
yuspansions, gas g:n:miu* shear strength, compatibility, and cthet waste-related ioput 10 model

1) Adsorption of actinl hy' {mnoblle min;snl suzfeces of :n:tli comosién producs cn peward:

- vhe migration of actinides elative to ths flow of brine through the repository- Adsorptionof

actinides onto collolds canjenhance sctinide ation. The CCA appecvatly doss not cCOUT '
fur the adsorption of actiniflet onto colloids in gmmnm the relcases dunng cuttirgs/cavings.

~ The Daparomant 'nm_i.: to grovide a &wﬁm af how adsorption 14 aetinides was accounted for "

in releases of cuttingt/cavings, [f adsorptien not 1aken into aeeourd, the Department needs to
show how this would iynd o conservahiv relecys s3timuts. ' o :

I : o
2) The sffects of organic complexand od scnids solld Fohabllities Within & brina systein has not
been well dosumented expasimental or modcling suudies.

The Dapartmant nssds o (rm?i'dl mare dewtl discussionon the use of. HYDMQL cade.
aspecially in respact o q.rnmy of orgemic complerants yied 1 the calcularion.
. [ -

disposal, WIFP complies ths mumeric requirements of sestion 194.34 for tha upper aad
: X ot S

1t is oot svidext in the CGA how the nmffm js treating the nu;liud m:end:;ﬁu for the .
upper and Jowes limit for wisie componemt. ' o .-
Thae Deperimant nsads 1o dewify the mathod by which the unceriginties axsociared wm: the -
wpper ond lower limits fo each waste component cré betng meorporared tnto the results of the

194.24(6)03) ) , . ' -
Section 194.24(c)(3) reqyires ths Depanment to provids jnformetion which demonstrsias the use
of process knowledge to uantify waste componcn ' o :

o —

i o e e e
Lo N ey R e .
A D .
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Accaptable knawledge phy"p & key role in idendfying the erigin ot gesemazian of TRU wastas.
This information Is usad to help inform the non-desTuctive assay (NDA) prodess in e selectlon
of the sppropriats currestiop o calibrotton fectors. The operstional history of & site indicases
ARy important details of the waste ruatrix, Bach TRU geasrator slte considers accoptable -
knowledge in choosing megsurament cquipment, desigoing joal protosals and establishing
the types and mages of cormetion and'or calibration factors for NDA reasurement sygiems,
Howsver, the CCA in not ojexs oo what the protocol is for dtermining this Informaiion when o
acceptable knowledge infognation is uvailahle. - S ' :

. The Dapartmani nssds 1o p‘gwld.a the prorocul for determining 1he NDA maasuramant eguipment,
 designing analytical pratodols and esvablithing the ipes and ranges of corvection and/or

calibretion factors for NDA ma.mmn_tinl Dystams whan no acapmbie}mwpdgc information is

19424c)(4) . - . '
Section 194.24(c)(4) requises o CCA to provide informetion which demoartrates that m gysiem
dwmhhnhmmd&w@ﬂmhbpmmﬂwwnﬂmitwhw.mw of
cach waste component thit will ba emplaced in the disposal system will not exceed the upper
Jismit or fall below the lowdr limit. - oL |

The CCA Alscussos the WIEP Wass (nformation System (WWIS)-whicks the Department :
proposes 10 use for the pul'rouofm_th“maqmdwotm crnplaced in the WIFP, Itisnot
clear what inforrastion will be collecied regurding the location of dnumy is the reporitory. In
addltion, the WWIS Softwhse Design Dascription comains the {nternsl detalls of eash design
entity including a ducription of the date olasnants associsted with sash entity. - Although the

' WMSlimthoén@m.imnmchuwhichdmahmmmi;ﬂworiauﬁwmdm

EPA will soon'be candmtﬁ o eudit aj the WJS sysiem, Tha Dapariment should be preparsd
10 address the above Lesusy Suring tha cenduct of thot eudil. co

9028d) : , . o .
Seotion 194.24(d) requires the Depanment 10 provide s wists losding schemse, OF oips the .
performence assessmsnts fhall sxsume random plecemant of wage in the dispossl system.
The CCA assumed that th containess of waste would be cmplaced randemly for the S69 wene
straams tacked in the TWBIR. mmmmmmmmﬁnluflb,muﬁmwn
lerge encugh that the relatively low probabillity combination of thees of the wasta streams With
higher activity lasding ocgurring in n single drilling ovent Was capnmed in the CCDFs. Howavar,
the assurmprion that contalners will be sandomly placed in (e WIPP does not take into sccowst
likely “real world™ scenatjos whers & specific genarator sands s large shipment of a pamticular

TC-A3
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wasts stream 6t onc particulss tize (¢.g. RF-Restdues from Rocky Flau which is estisamed 10
ropresent 15 percent of the sl curies empigced n the WIPE at 213%).

‘The Depertmant needy to a;i‘d'rln how it Is planning ia ;rch!cn' random !uadmg af waste e‘rm
ot WIPP. If the Daparsmeny connot cohirve random looding they naed to analyse the effect &f

nen-random oading. I
E— M
19832(x) SRR —

Section 194.32(s) states thet perionmanse assessments shall consider nataral procasses aad
_events, miniag, desp dnmql.l.nd shallow drilling that mey affect the disponal system during the
regulatory time frame. - S :

Ths CCA does oot pruvld.;ldcqu;lt iuﬁﬁﬁﬁm ‘23 1o the behavios of shon-term brine flow w0 -
the nface if o brine pocket is hit. - : )

.DOE neads to document ths modaling rasults that support the current cphméﬁ. which assumes .
that brins flow to the surfess from hitting a brins pocket doas not FEsus in reloasss. - ‘

194.32(c) " . ' o
Section 194.32(¢) specificdlly requlrcs that the PA include an anatysis of the effects en the
disposal systm of any nct:iﬂu that occur in the vicinity of the dispasal sysem prior to digposal

~ and drs expested to ccewr the vicinity of the disposal sysien sooa after digpusal sysem. These
sctivitiee include borehoish and Jeases that may be used for Aluid injoction activites, |

The process !ornlu‘t.l:nngwn‘ bnmdneﬂrinaiidhﬁndly diffarent from othet TEITUIRE
sxtaction techniques. The fiuld injection activities used in solution mining can potentially
induce sitezations, Which may ot be limited to subsidencs and caving, intha bost rack (Satado). !

DOE needs 10 consider in ﬂu PA cxl.rnnj borgholes in whith solution utﬁm'g can r'cm_nmilb' be
expected 10 occur in the nyar fuhwe. . _ : S -

194.32(¢) . - ' . : o
~ Saction 194.32(e) sistes thst complisnce application(s) shall include information whick: (1)
[deatifies all potontial processes, vents o saqucnces sad combinations of processes and ovents
Mmymuduﬁthguluoryﬁnemmdmlﬁwﬂhdhpoﬂwm:ﬂ) . .
. [deprifies the processes, s or sequences xnd combiastioss of procasses and events igsiudod
"in perfarmance assessments; A0d (3) Duouments why any processas, cvients o ssquences and
combinations of processeq and events {dsatified pursuent 10 paragraph (e)(1) of this section were
pot included in performance asasssmrient results provided in sny complianse spplication. -

t10@® '
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(1) The Stoelas) sxid O'Brien fostures, cvents said processes (FIEF) aaslyss (Reference 611)
provides inforroation o fluid injection mey cffect the disposal 1yseem, Tiid spproach does
not wppropristely modal thig svent. : )

DOE nasds to: |

(a) Use ¢ 150-year period 41 the peried of simulation.

(3) Identify the extent fo .witch the imitial condittons (L.e., conditions bcﬁin an intrusion svent) of - |
the repositery could ck_ung: with the longsr perted ofﬁuhlf irguction. : S

(e} Aﬂﬂb*li the ¢ffects of o Mm intrusion evens subssguent fo fiuid reaching the rapotitory via
a fluid infection event. ' . R Cos

.(Q) Incraass thy iransmisstylly qf Ball cwu»n to allow highcr. volumas of brine 1o be i.ryamd ‘
(@ Reduce, by one-half, 0 DRZ volume.
() Esrimate l_-'i! Jregquency pf flutd infuction wells that have fatled or appear 16 .km.vu Jailed.

(g) Substantiote why @ rwir-dimensiono! cross-sectional modeling approach is ap ‘nﬁrlmjnr
this anolysiz. - o A :

(2) DOE has got analywed {scrvened) the potential effects of solution fnining of halits in e
CCA. Soction 194.32(s) rpquires that parformance sssiaaments inohude an analysis of tho effects
on the disposal syswem of guch activides ia iu vicinity prior to disposal or that e&n reazcnabie be
expected so0n aftar dizpodpl. : C : :

DOE nesds to provide an analysty of the effécts of schution mining for halite. Stros the mining of
the halits iz associated with the production of oil, the ums frome for the modeling study may be
limited ro the potentia] lif§ of ol production around WIPP (i.c., 150 ysars).

Y100
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_ Enclosure 4
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No. |ID# Msurln} 1D ' P-nmmr D Daseription
) {3us |mLowour CEMENT Waste ssmantalics Basagia
| 3286 | BLOWUUT . 1ARTDIA AWem particie dicmens in Cutzings M fal'
' 5 ! dirent brine relssss _
3 |19 |DR2} VX _LOG Leg of Laslasic paronesbliity, m
' - : distudet rock sons; timg paried 0 ta 1000 ym
; Inevamantal inarsass (n poraiity relative
I R b DRFDAAX intaci sondidens in the Balude Murkwr Dod
. : m ) .
s |20 | s MB_139 ¥F_DELTA | Incrementst preasure fiur ful frusture
6 |sss |sMm 1 PI_DHLTA Prssum inliistian preseute increment
3 . : XMAXLOG Loz efwax permoebllity in sluarad axhydrize
¥ olam |[sMBa X2 Lea
e | BuorEN | rax )00 : mawu:m-bmm-dm
‘ ® T . o ‘berahele wraTicd :
: DPHIMAX Insrunental increass in wr-ky relstive t
§. {28 | SANH AP ' Loers T ! -,
44, , Al .
' REA Lag at inxinsle pemesbillty, X-girectizn.
0 zle BO_A nmgm . pdy ' 1]
11 |3e7 | BLOWOUT THICK_CAS Tbl:hm u!ucuuu Sormasiea, du-n :
13 |3ss | miowout: _AR_CAST mwmwum
13 |amee. | casTRER ORIDILOW mm-mmmm
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o |ID#] MsterpiD. | Paremeter D Duseyiption
y lasn | OLOBAL PRRINE T proweblity of Eacouncring Pressrized Brine
2 | 2254 | BOREKOLE: TAUTAL Wasts Shew Srength -
3 13106 | BH_BAND ' M0_LOD | Log of invinsis Pemssbillty, a-dirmiton
"4 2018 | CAPTRLER voLuME Totst Reservely Vohims
) CASTILER COMP_RCK

Buls Compressillty -

pTof®
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| by the Relevans Data/Informatian
| .
No. |IDW| Materidt ID Parameter ID " Deseription
1 |37 |soxesore! DOMEOA Drifl String Angular Velocity
2 e |casmer ° POROSITY B Mhcsive Porortty
3 (66 |CASTUSR FRESSURZ Bilns Farfiald Pore Prascure
e |29 |Pan_meaL | PRV 100 Pancl Seal Porroaabiiley
s |32 |S.ANHAB POROSITY Eative Porosity
6 |7 [smBL ‘| rorostry | 2watve Porcsny
7 (14 8 _MB139 POROSITY Efhaiive Paroiity
3 1651 | WAS_AREA ABRIROUCH Abssium Rouginess of Marerial
s .68 | WAS_AREA COMP_RCK Bulk ConsprassibiBey
10 | 1993 | WAR_ARZA DIRNCCHW Pulk Bansity of 1ron Contalners G Wame
i | 199 | WAS_ARBA DIENCRAW " Bult Density of Irin Comtiners R Wasw
12 |3040 | was_AREA DIRNCCHW Averags Denstty of (roneBered Matarial in
T . €N Wome o
13 | 208 ;AT;—MA DCRLLEKRW Avaraga Domity of Cellulosic in CH Wasw .
va |31 | was_amxa | DEELLEAW - Average Densiy of Caliuissis n R Wusw
15 |2%07 |STER. | commmcen Inumdstad Caneslon Ras for Stas) wie CO2
16 | 3rer | conc o PORORITY Bfemtive Pareslty .
17 (3185 | comNC PLO PRMX_LOJ Log of lewinsic Permumbliity, s direstion
8 | 323¢ | Bloweur O QOreviy Effctivencns Pocase '
19 | s | mowour APORO Wans Permaability is CUTTINGS Modal
20 |30 | PHUMOXY | PHUMEX Fropertenality Convunt Humis Colloids
21 | | Browour MAXFLOW Maztmun Blowout Flow
12 |ym |soweur! MINPLOW Miaimars Rinwans $law
y
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‘Ne. |IDS Mlterql.m- ‘Parsgster ID " Description
Ta1 | yaas | PHUMOXS PRUMEDM | Proportionality ssnstant of mtiaides in Satado
' : ' ' Brine with humis callolds, ipargaais
3¢ {347 ‘| nLOwWOUT - " | oas_vm | asRam ot '
L © . |worsc - | Micrabial Propasiionalhry Conmazt
3 |3e0s | SOLMODSE SOLCOM | VR Solbiity Liske - Castle
37 }3a06 | 30LMODS solSM | (VI Sotubulizy Limi - Beladv
v Tea |soLaoDs . . ool | Osldies bl Model
29 |3e03 |soLmaons’ | sorem " | Oxidetion Sus # IV Medel
30 |3e7 | 300LMODS | - | soLs™  Oxdation Sz +IV Model
31 |3408 |sOLMODS SOLGIM | Oxidation s +V Model
32 |oes |soumops | - | soLSDd Onidion Sima+V Model
3 |3 |AM : YROPMIC . Misrobis! Propeftionaitty Consiant
3 [ 3a81 | AMY MKD_AM Mazria Pantlcs CoalTislun for Am
¥ |0 |ruey - |mxopv Muirix Prision Coutficiant fir-Py
u a3 oo MXD YU | Wistix Pastbive CostBicians for Py
7 [ e | mxpu Maowis Purikies Cosfficlant for U
3 lsers |ues . jueDb Matris Parttion CoalTicieat for U
2. a8 | was.ARza | onATMICH "] Gas Protoction Rats - Microblel Mumid -
@ | 657 | was ARmd ORATMICY Oas Produsion Rash  Misroblal Loundemd

¢10 '
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Since the Department submittsd its WIPP Coinpliance Cenificmion Applicstion ot -

Ocsober 29, 1996, BPA haxperformad quality aspurence audits of DOE’s Catlabad Ares Office
(CAQ), Sandis National Laporssory (ENL) and Westinghouse Corporstion pursuant to 40 CFR
Pt 194.22(e). The purpost of thoss cudite wes to verify the apprpriate execution of the
requircments of 40 CFR 154.22(aX1), which addresscs quality assumnce for sctvities associated
with ths Waste Jsolation Filot Plant (WIPT). . o o

The Agency’s findisgs end chaervations from the CAQ and SNL. quality assmance sudits
arc listed below. - Thare wete oo Sadings or ebrarvations fram the audit of the quality ssswance
program of the Westinghouss Corporstion- A finding s a specific sonconformance with an
applicable NQA element of the elemwn!'s implsmenting procoduse. An observation s nota
poocanformance, bt does tequirs & response. :

Findings and Observationj From EPA's Quellly Assurangs Audl of the Cerisbad Arss O/ ice

OnDecember 9-13, 1995, BPA porbmad an eudit of DOE's Clt;(: quality mwme
program pursumnt to 194.24(c). The purpose of the sudit was 10 verify the sppropriste
of the Tequiremens of 40 GFR 194.22(aX1). The sudlt toam identifiéd four findings of relatively
miwor and Isolsted consequences during the audlt, - .

EindingNo.1

 NQA-1, Reguirement 2 “that the management of those organizations implementing the
quality assurance pmgrml regularly assess the adegquacy of that part of the progrm for
* whith they are respanaiblejand shall sssure ity effective {mplementation. :
However, CAD’s MP 9.1, which implement this NQA roquireinast, ectined no provisian for
regular asscsaments, - At thy time of tha audit, MP 5.1 was under revision and was to be changed
to address this finding. | ; : : s

Tearn Proceduse TP 10.8, ﬁaqulmts 3.4.2(x) end (c) :aqu.ln do:qﬁnmﬂnu of arientasicn o!_

1317} yi-ng 7 CIZLCOBTOC IVL TZ:¢T QBM LE/81/CO
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However, documentation was not avallable to demeasirats orientstion Uaining for one of the
pmelmmhmt‘cn‘uzneﬁewﬂo.; - |

Sipding No.

Team Procedure TP 10.5 (Rev. 0), Requirement 3.1.3(‘). requires thavthe peer review selection

c.amﬂ'nm.lhln be impartial and bave 00 confliet of loteresl. including finencisl gein. .~

Howeve, tha chai of the pper review selection cormmitise, which chose the pens) for Pect
Raview No. 3, 1s the sxecutive vics prosident of tha firm where ons of the wlecwed panal
membets is eemployed. 11 was not cloas from tho infermaton presanted dusing the gudit whetker

b chair of the selection ecpnmities may have bveo in o pusition in whieh his own persanal (\\

intnren_mconﬂicmdwitlj_lheindepfmd_mtpﬂfqm of the Paar Review panal No, 3. -

Ths audit seam idsntified lﬁmc mullu that was missing from the DRR files for TP 10.5
(Rev. 0 and Rev. 1). \ . : .

Copics of the missing infosmation were found and plaed in the DRR files during the sudit. .

4

Pindings and Obsarverions From EPA's Quality Assurance Audl of Sandia Nationsl Lab
- OR Jeouary 15-24,1997, BPA. performed an audit of the Sandia Natioaal stmmnr-

Quality Assuranoe Progmth pursuant £ 194.22¢a). The purpose of the audit was to verify the

approprists execution of e requiremicnts of 40 CFR 194.22(a)(1). The audit tyam idngiﬁe’d

'. ﬁsm-mnmwenndmmmL

NQA-1, Supplenczt 15-1 i cuates “qualley schievementia verifiod by parsons ez qnininﬁou not
directly respansible for pprforming the work” However, QAP 1-1 simes “)ins management i3
responsible for verifying the qualtty.” o : - ' . .

NQA-), Requirement 2.4, pm"umgmtwm of the qmihy assurence prograsm shall
b'wnm‘remll_ﬂvmﬁmmdulun_mwr S

v¢-RA3
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However, the last management ssaessrnent was performed in Aprl 1995:

~ documents were pot included in the files, or listed cn the Record Package Table of Contents.

Yy

g

Elnding

Several CAR £les requestad from the Recards Center wers found 10 be incomplicts, i.¢., rofesanced

.EA%-H-_Q!M'-I Oriyinal lpg shoot and comection |

BMG;IS-Q#-S Amch:mnx domcnﬁn: sample ldentification scheme

'BAS6.26.QAF-] < Corestive Action Reguest form, nivial proposed resolution
: ' of CAR (desnmined to be unacceptabls), .and revieed
proposed resolution of CAR (accepueble) :

wer.003 'immtry memo, indudlng Statement of legpact

Quﬁcnd.l. Step-4, of QAP $.1 nquu:h:useoﬂhs'mmltdé:}ibd-h&ppudll&
QAP§°Iﬁllmlmnformloiuo.wnraqw&rpwﬁ@l‘&__.

NQA-3, Supplament 38Wi] states “All data shall be recorded 5o that they arc cloarly identifiable
and traceable 1o test experynent, study, o other source from Which they were genoxesed.”

" Howeves, ths supporting mtution !orthatolloﬂng PATAINELRTS nnnlymdom:neet :

tracobbility

Paramneter No, 1d. 34, Borshale PRMX_LOQ it Listed as 2 placeholder pummm
parametar valus lisiad ia Form 464 15 not traceabla. :

Parxmeter No. Id. §148, CONC_PLO COMP_RCK, listed two sets of parametez valuss.
Theze Is no trecashility documentstion provided for the first set of dat, which has s

' valuo of“0." The second set of data bas & paramster valus of 1.2E-09, which .
waa [isted 1n Formja64 and j¢ traceable, but hai naver been used. Instead, the parameter
valus of 2.64E-05 was used, but this valus hes never been entersd into Farm 464,

re-Ne fITLcontor YV4 ITT:PYT QHA  L6/8T/CD
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Although 2.64B-09 Is the wrong valusto use inthe analysis, traccabllity documentation '
s sl be providdd with Form 464. .

“ —

-~ .,

. . W N M - .. } v ‘ (:f- ?;h;\!
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- . - . ’ 5
QAP -1, Revision 2, Section 4.2, Step 1, Note 1 states that QAPs pre-sllowed to carry ICN N
wfnrupwmycnpmnmy mmuqu:chnnd. : I

QAP 2.4 has two ICNs thay exceed the ons-yerr limintion. ICN 018 stfective datw is 10727/95
o 1CN 02 has an wEfective dats of 11/17/95. QAP 20-3 hsa an ICN with o sffective dm of
10713/9S. 1CN 01 for QAR 3-1 rescinds the ons-year limlitstion on the incorporation of ICNs
through QAP revision. Hopvever, thix ICN was not offootive unti] Deowmber 18, 1996,

Obsexymionl

CAR W97-013 was issuedidus to s drvistion from NQA-3, Req i 2.4, which requires te
annual performancs of MAJAGEMEN? ARsGIsMETIA. Tha sormective sctinn for this CAR provided
foz tis scheduling of a masagement assesxment in April 1997, The corrective action was
accepted by SNL WIFP QA and the CAR was closed ont on January $, 1997, The sudit team is
concernad that this corrective astion is imappropriate and that the CAR should sotbe closed untll

mmmmmmm

Qbzorvationd

CAO CAR 55-039 was isshiad dus to deviatichs from SNL QAPs 13-1 and 132, which preseribe
sample coatrol and chain-ef-custody, respectively. . Numarous samples were transfmed without

proper chain-of-custody. The comacva action performed included sevision of existing chaineof-
cunady forms for sovers! samples. 1o addition, chatn-of-custody forms were filied oot for those

]

snmpluwhiehmmmammdwlthntmhiniéhab-af-hum@- The audittesmis

cancerned that the chain-of-custody fmmwnlmpcpﬂiymdmd.n_lmmt.mdﬂ -
geacrated from the sukject szmpies 13 Jegally ipsdmiswbie. , -

The sgftware disaster xeqwrypmem does pot rediiy describe the prosedure by which the

software configuration minagement sysem and tie PA sofware will bo restored with sdequate. “
assuranes that supesseded poftwaze versions will not be recrested 23 “comrent” versions. .

*C-%R CIZLCOBTOC TV €T T dIM  LE/8T/CO



Ihe Validstion Dosument Reviewer's Fonn should explicity require the revigwer 10 confirm '
that the sxecutsd tem cases yre the samne a3 the test casss listed io the Vulidation Plen document.

Ohagrvatinnd

The deflnition of gradation provided in QAP 19-1 ia not cloerly stated. - For exemple, if software
is exempt from QAP 15-1, it will be qualified under QAP 3<1. “This optionsl menas of
cpproving softwarc demondtrates that gradation has o diffarent meaning then the definition of
grading ot forth in NQA-1. - . | | |

NQA-1, Requirement 5, requires procedires for activites which sffact quality 10 have
quantitative or qualitative wcepLance eriteria. :

However, the formas specific by QA 51 for doveloping QAPs docs nt cleasly inctude s |

section for scccptance critgria. No QAPs Contaln sccepianes criterie.

. \ ,"v} |
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Enclosure 6
. Op.Esbroary 10-12, 1987, BPA parformed an sudit of DOE's documentation of its peer

seview processes condusted in support of the WIPP Compliancs Cenification Applicerion to
establish that they were corductad in a manner compatble with NUREG-1397, “Dogr Review for

' ¥igh-Lavel Nucicar Waste Reporiiories,” a required by 40 CFR Part 19427(5). The sudit team
. identificd seven findings of relatively minot and jsolated conssquences during the sudiL A

finding i3 2 specific nonconfermanse with 5 applicabla NQA ciamsnt ot the elernent's
implamenting prosedure. AR chservation it not & 10 Bbut doas require a ICSPOTES

ke » finding. The findings and. observatons rrsuling from this audit are listed balow.

] . . . N K o
Emm . . . ;

NUREG-D-W states that oat Revieosers should have suficisst freedor from funding Ké’
cogsidemtions to-aswure the wark \s impartially reviowed. - . '
To add.rcsnh.u {esue, the DOE's Curlsbad Area Office (CAD) focluded conflict of interart forms

which require financial digtlosure to identity whether s canfilct oxists, M, Evaristo Benano and

Ms, Patricia Robinson, membars of the Waste Coaracterization Pear Raview, checked that they

had copfiicts of irmersst b did nan cumplets ths required disclosure fbrm.. '
NUREG-1297 statcs that in cases whsre total independanoe mtbcmﬁ:cpurw ' W rEport :
should cantain 8 documeased mdonals e to why semeone of equivalent wechnical qualifications

and greatat indepandence wvas not solectod. . )

A Non-Selsction Jumifi for was insluded for the Wasts Cherscterization Peer Review. -
Mp. Patricia Robinsan, a uclear Enginsec with 8 Master of Sciance Degras ponding, wes
sclocted for the Wasts Chiprscterinstion Poer Reaview Panel. Ms. Robinson is currently employsd
by a DOE contracior. Thd form lists Dr. Per K. Mast, a Nusiear Engisect with s PhD., end
notes that other equally o more qualificd (ndividuals are svailabls. Froe the foem, it appears
that persans of equivalenyjtechnical quallfiostion were availabis but net seloeted. However, the

CAO Team Procedure TR 10.5 (Rev. 1), Secdon 3.1 3(c), requires peer reviow punol mesibes be
salected from 8 predetentyined list of perporac]. However, §c¢tlon 3.4, the tesponaibilitine

te-xa
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. zevised.

esction of this procedure, swies that thc Peer Review Sclection Commim shall genzmn alito?
quaiified Peer Reviewers uging its kmowledge of uiniversity contasts, professions! organizations,
and qimalified indmmy pro sionals. ‘A nbnmet exists within the prosedire and should be .

1

Additiesally, with the exceprion of the Enginund Alwrnstives Perr Revdeur, naithera -
predeterminad Ust nor & lis generared from university contacts, professional organizarions, and
q'ul.hfied uuhlny pmfem s was located inthe files mvizwad. -

Finding 4

CAO Team Procsdure TP !OS(R.IV 1), Secuon 5.7, tqulrn?wWPlnelMamhmh
compicte and document the nnccuu'y waining prior toﬂumnef the Peer Review process.

Inin.ma formis for M. Chuan-Mian Zhang s M. Paul Cloke members of the Naturel Barriers

Peer Review Panel, are dn};dMny 15, 199€, whils the mesting mlmufmy 14, 1996, thow
tiem already in arendancs:

Fioding §

CAO Teazm Procedure 'rr io ] (Rw 1, Slr.!lun 3.4.2, requires that all Pecr Rmcw Panel

Mcmber receive an tion priot to the atan of tho Poor Revisi procass. At » minimum, the :
crientation shall cover :ut:gtcn or documents rolated to the Peer Review process, incloding /"\
sdminlstrative requirementy, the applicable Peer Reviow Plan, a brief summary of the Peer [« f’ :
Réview tzchnieal gubjoct STARET, an everviewof tha m;ukmem of TP 10.5, and lny oth:r \ .

Appropriate topis.

Records indieate that M. t}nﬂd Samm did mt receive ndmmutmhvl crieatstion prior to the
sun of the Poer Review prqun.

Linding &

CAO Team Protadure TP 10.5 (Rev. 1), Sectori 3.4.2, requires that all- Peer Review Pancl
Memhmnudvumqi:at#dnnmu to the mnhh:!‘m!\whwyﬁwm

.Mumﬁmﬂm MCmmmmmﬂmMﬁucm
Modals Pesr Review l'ml momntd in January 1997.

KT CIZLCORTOC IVY SZ: %1 @k L&/6Y/CO
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CAO Team Procedure TP 10.5 (Rev. 1), Section 3.4.4, requires miautss for all mestings,
acuivitien, end deliberations, . ‘o -

Mignstes for the Natural _anm Orisntaticr Mesting condusted on May 14, 1996, were ot -
includad in the Peex Roview Sils. ‘ - . —.
(=

CAO Team Procsdure TP 0.5 (R:.-v.- 13, Section 3.1.38, requires that the Selection Comunites
shall be lmparial and he fo organiraronal confilct of interce.

Cherrvation]

The appearsace of a conflikt of intaresi cxiss for both Peet Review Managars. Tt CAD -
_ Teghnical Assirtance Con! (CTAC}wn;hdbyCADwmmmemm;mtof
" the Peer Review process. Infarmanics, Inc., wes selacted. Mr. Jehn Thies, Executive Vice _
President of Informatics and Pesr Review Manager, seicetsd Mr. Leif Brrikson of CTAC 10 sstve
on the selsction committed. Mr, Thies also selestsd Informatics craployees us Poct Reviewers.

Dr. Abbas Ghassami, of Peor Revisw for Enginsered Altarnatives and Dirsctor of
Special Programs for q-mm.mamnmmmwnmufwsnc.w
scrve o3 Péer Roview Panei Leader. S -

' NUREG-1297 statad that  retionale as to why semeone of squivalet technical quallfication and
M independance was sslociad abould bo documsuted. . : o
Seversi of the Enuinurad. temative Peer Roview pansl roembers disclosed, In thair.
Detsrminstion of ence forms, current of previcus affiliation with DOE. However,
documentzd rationale an 89 why samoone of equivalent technical qualification and greatet -
independence Was ol § mm_iul_ud-dwlthﬁuuppondomm.- . i
The Pess Raview Salectich Committce 1 requled 10 document the rationale for seloction of Fowr
Raview Panel Members oh  Poar Ravicw Panel Bolestion, Size and Composition
Jusufication/Decision Fo ' -
A form was completad fof each pect review, bowever, the form only reponss the requiroments
and doss not provide '

onsle for ths selectiop of peer review pansl mambers.
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United States Environmental P'rotection Agency
Office of Radiation and Indoor Air (6602])

Center for Waste Isolation Pilot Plant

401 M Street, S.W. :

Wasbington, D.C. 20460

PAGES TO FOLLOW: 5

TO: | Jim Mewhinney
TELEPHONE:  (505) 234-7480

FAX NUMBER: (505) 234-7450
FROM: | | Frank Mzrcilnowski
MAIL CODE: 6602] |
TELEPHONE: (202) 233-94387

FAX NUMBER: (202) 233-9626




®. UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

OFFKCE OF
AIR AND RADIATION

George Dials, Manager

Carlsbad Area Office

U.S. Department of Energy

P.0. Box 3090 ¥ Aot
~arlsbad, NM B88221~3090

Dear Mr. Dials:

This letter is a follow-up to the letter I sent to Alvin
Alm, Assistant Secretary for Environmental Management, on March
19, 1397, regarcing the U.S. Environmental erotectior. Agency’s
EPR) review of the U.5. Department of Energy’s (DOE} Compllance
certification Application for the Waste Isolation Pilot Plant
'WIFF). In that letter, EPA identified lists of perfarmance
assessment (PA) input parameters for which EFA had questions
about the valueis) selected. '

In Enclosure 2, to the March 18, 1997 letter, EPA identified
a list of performance assessment input parameters for which my
staff had been unable to find supporting data. At taat time, 13
key input parameters were either not supported by experimental or
field cata, or the data =rail was untzaceable. DOE -uid Sandia
Naticnal Laboratory staff have since been able to idantify data
that were used as the bases for the values chosen for nine of the
13 parameters on the list. In addition, three paramazers on the
list were subsequently determined by my staff to be "aon=
sensitive” parameters {i.e., sensitivity analyses re:sults
indicate that the parameters do not have a significant impact on
the results of the performance assessmenti. The one parameter
remaining (%2, ID# 3246, Material BLOWOUT, Parameter PARTDIA,
waste particle diameter in Cuttings Model for direct orine
release) is considered “sensitive,” but the value for that
carameter is not supported by data. Therefore, the marameter
value must be derived through “expert judgement” 1in ascordance
witr ZPA’s WIPF Ccmpiiance Criteria at 40 C.F.R. §194.26 (expert
judgment} and 40 C.F.R. $194,.22 (a) (2) {v) (cuality assurance
procedures for <ne implementation of expert Judgmert
elizitaricn). The provisions e¢f these rejulatory regquirements,
-azluding the requirements for documentaticn and public

Fiecycie R acyaiahie » Frinied IR Vegetabie Ol Basn in on 1607 Recya 30 Paper 140% POKIS. N sumer)



participation, nust be catisfactorily applied to the darameter
value.

My staff has continued to review parameter values and
conduct sensitivity analyses to determine the impact >f other
relevant parameters on the overall performance of the disposal
system. On April 17, 1997, I rransmitted a letterx te you_that
included a list of parameters that are Io ionger in question, and
a list of revised parameters values to use -i running the BRAGFLO
computer code. As I mentioned in my letter, the BRAGFLO
carszeter values were provided:toDOE £irst because ERAGFLO 1is

“he first code to be activated in running the overall performance
assessment [(FA).

My staff has ncw complieted the review of the remainin
carameters identified in my March 13, 1997 letter. Erclosed are
two tables: the first zable includes parameters that are no
‘onger in question; the second table includes importirt

parameters and associated input values that EPA requires to be
used in DOE’z PA verification test.

Should you have questions, please call Frank Marcinowski at .
{202) 233-9310. '

" Sincerely,

. o,
E. Ramona Trovato, Director
. office of Radiation anc Indoor Air

Enclosures (2)

cc: Mary D. Nichels (EZ2A)
Alvin Alm (DOE/HQ)




. Enclosure i.

Cm me owl

Parameters identified in the

March 19, 1997 letter, which have sutsequently been

determined by EPA, based on information provided by DOE and Sandia staff or
 through sensitiviry azalyses, to no longer be in question.

ID # | Material ID | Parameter ID _ Description

&4 CASTILER POROSITY Effective Porosity

66 | CASTILER | PRESSURE Brine Far-field Pore Pressare l/_g\;

€5) | WAS_AREA | ABSROUGH Absolute Roughness of Material N

653 | WAS_AREA | COMP_RCK Bulk Compressibility

3429 | PHUMOX3 PHUMOX Propertionality Conscant Husnic Colloids

3471 | BLOWOUT MAXFLOW Maximum Blowout Flow

3472 | BLOWOUT MINFLOW Minimum Blowout Flow

2177 { S_MB_139 DPHIMAX Jocremental increase in porosity relative to intrc conditions n the
Salado Marker Bed 139

2180 | S_MB_139 PF_DELTA Incremenuat pressure for full fracture developn cat

{58 |S_MB_139 PI_DELTA Fracture initiation pressure increment
. 2178 | S_MB_139 KMAXLOG Log of max permeability in witered anhydrite tiow model

3134 | BH_OPEN PRMX_LOG Log of intrinsic permeabiiity x - direction borchole unresmicted

2158 | S_ANH_AR DPHIMAX Iacremental increase in purosity relative 1o int-ct conditions in the
Salado anhydrite beds A und B \

'214 | EXP_AREA PRMX_LOG Log of intrinsic peemesbillty, X-divection, cxprimental avea

3473 | BLOWOUT THICK _CAS Thickness of the Castile forrsation. direct brin: releases

3456 | BLOWOUT RE_CAST Bxtemal drainage radius for the Castile formation, direct brine
releases

3194 | CASTILER GRIDFLOW Tndex for seiecting brine pockets

3433 | PHUMOX3 ~ | PHUMSIM Proportionality constant of actinides in Saiado Eirine with humic
colloids, inorganic

3470 | BLOWOUT GAS_MIN Ges Rate Cutoff

3317 {PU PROPMIC Microbial Proponionality Crnstant

331 | AM PROPMIC Microbial Propontionality Constant

2918 | CASTILER VOLUME Total Reservoir Volume




Eoclosure 2 WIPP Performance Assessment Parameters Identified in the March 19, 1997 Letter Which Have Been Determined To
Not Be Representative of the Data DOE Must Use the Parameter Values [dentified Below in the Performance

Assessment Verification Test.

Paramelerization ta be Used In Verification Test

ID¥ | Material ID | Parameter 1D Deseription . Dist Type Min Median Max
1493 | GLOBAL PRRINE 1 Probability of Encountering Prewsincd nn-. | uniform 1% 0% %
225¢ | ROREHOLE | TAUFAN. Waste Shear Sirength Dependent on Results of Particle Size Distribution fxpent Elicitation.!
27 RORENOLE | DOMEGA | Drill String Anguhur Velocity Comulative | 42 radsis 7.7 rauds/s 23 rads/s
3245 | mowour | CEMENT Wasie Cementation Strength Log-uniform | TAUFAIL min® - ASE+06 P2
1256* { pLowouTr | FGE i Gravity Effectivencss Fackar. _ . _.. . . Uniform 1 .6 181
5250 | BLowour | APORO Wastc Permeability in CUTTINGS Maodel Constant ws 24Elisqm | ol
3405 | SOLMOD6 | SOLCIM UCV1) Solubility Limits (Castile) ' Constant - 46E3IM wa

~ —

e particle size distribution. Unce the partiie s 3 csusiblished via the expen

" he values [or this parameter arc om the results of the axpert elicitation for
D.B. and Semtuek, ¥, 1992, Sediment Transport Technology: Water aml

Sicitation. TAUFAIL should pe calcataed based on Shields Parawcter (sce, for exsmple, Simon,
Sediment Dynamics) as a function of particle dismeter. ' :

: 24 e ininimwn value should be sl to the minimusn valos for TAUFAIL. 1f this pasametes is no longer uml
peer seview, then no change to the parancicr value is required. '

in the performmecc asscssnent as & resall of the 4721197

type'idmtilied in

e 1o the maianum of TAUFAIL, the median value can be calcutatcd based o the maximee: and distribution

Yace the ninimum valec for has been

the table.
44§ the 42197 pecr review of the SPALL ANGS conceptual mode] results in this pararocicr 00 konger being used in the performance assessment, then no change to the

parwucter value is noquired.

. Snot Applicable . :
| ® N

[ ) Y
wr

-



WIPP Performance Asscssmient purameters Identitied in the pMarch 19, 1997 Letter Which Have Been
Dutermined To Not Be Representative of the Data. DOE Must Use the Parameter Values Identified Below in

the Performunce Assessment Verification Test.

I nclosure 2 {eont)

Parameterization to be Used in Verification Test
D4 | Material ID | Parameter [14] Descriplien Dist Type Min M'fi’_'_‘ | Max
sq00 | SOLMODs | S01.8IM U(VD) Solubility Limils (Salado) Constant wa 17E-5M o'
3406 | soLMOD3 | SOLSIM Oxidation State +Il Modc) (Sakdo) Constant w/a 1287 M wa
—;4-122 SOLMOR? Sl .CJM Oxidation Slue I M2 (Castite) Constani nfa - 1358 M n/a
3a03 | soiMoDs | SOLCIM Onidation State 1V Model (Castile) Constant na AlEEM wa
si07 | soLmony ] soLsim T Ouidation State +V Model (Salade) .. | conont wa | 1WEM wa
s | soLmops | soLeiM Oxidation Statc +V Model (Castilo) Comstant nia 43ETM ofa
3408 | SOLMODS | sousws Oxidation Staze 4V Model (Saludo) Constant Wi | 24ETM a
3482 | AM+3 MED_AM Matrix Paevition Cocfficient for Am +Il1 1.og-uniform. 20 mie 100 ml'g 500 mVg
3480 | PUS3 MED_PU Matrix Partition Coefticicnt for Pu-+111 Log-unifor 20 mlig 100 mifg SO0 mlg
3451 | PUH T H .1atrix Partition Cosfficient for Pu +IV ) ag-umiform 400 mip a20mle | 20000mie
3479 | Use MKD_U Matrix Partiion Coefficient for U +V Log-tmifor swoove | 4200mvg | 2000mig
34715 LHé 1 MKD_U Matrix Pastition Cocfficicot for U+vl Log-uniform 0.03 mig 0.9 mlig 30 mifg

————,
"~

ya
Tt \
lj &

L

511 the 319797 tetier from Ramona ‘[rovaio to Alvin Adn, information from two scpanilc parameicrs was inadvestantly combined. The parmmeier identification oumber
3406 was assigned o material identification SOLMONG and should have boes assigned to SOLMOD 3. Material identfication SOLMODSG should heve bad the Identification

nuinber 3409, ‘These discrepancics are accuralely regrescated in the above table.

7 411 matix cocfiicicnts used in the performance assessment should use the log-uniform disribigion type.
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. % UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
& ; WASHINGTON, D.C. 20480
MAY 18 1997
. . THE ADMINISTRATCR

Honorable Federico Pefia : b o

Secretary FAA

U.§. Depatmeit of Srergy i

1000 Independence Avenue, SW :

Washington, DC 20585

Dear Mr. Secreuryi

_ Pursuant to Section 8(d) of the Waste Isolation Pilot Plant (WIPP) Land Withdrawal Act,
as amended, (the Act, or the LWA), and in accordance with the WIPP Compliance Criteria at 40
CFR §194.11, 1 hercby notify you that the U.S. Environmental Protection Agency (EPA) has
determined that the U.S. Department of Energy’s (DOE) Comgpliance Certificarion Application
(CCA) for WIPP is complete. This completeness determination is a preliminary, interim
determination required under the WTIPP Compliance Criteria, which implement the Agency's Final
Radioactive Waste Disposal Regulations at Subparts B and C of 40 CFR Part 191 (Disposal
Regulations). While the completeness determination initiates the one-year cvaluation period
provided for in Section 8(d)(2) of the LWA, it does not have any generally applicable legal effect.
Further, this determination does not imply or indicate that the CCA demonstrates compliance with
the Compliance Criteria and/or the Disposal Regulations.

Sectian 8(6)(2) of the LWA requires EPA to certify whether WIFP complies with the
Agency’s Disposal Regulstions. Section 8(d)(4) of the Act requires that EPA only perform such -
certification after DOE has submitted a “fuil* (or complete) application. Upon receipt of the CCA
on October 29, 1996, EPA immediately commenced its review ta determine whether the CCA
was complete. Shortly thereaiter, the Agency begsn 2 identify areas of the CCA that required
supplementary information and analyses. in addition, EPA received numerous public comments
on the CCA that identified arcas of concem. '

EPA identified completeness concerns in a December 19, 1996 letter flom Mary Nichols,
Assistant Administrator for the Office of Air and Radiation, to Alvin Alm, Assistant Secretary for
Environmental Mansgement. DOE responded with additional information, records packages, and
clarifications, as necessary. : . -

" To the extent possible; the Agency has aiso been -uonducting a prelirrﬁnuy' technical
sufficiéncy review, and has provided the Department with relevant technical comments on 80
ongoing basis. EPA will continue to conduct its technical review of the CCA. The Agency will

@ Printed on Recycled Papér



2

issue its propased compliance certification decision, in accordance with 40 CFR Part 194 and Part
191 Subparts B and C, after it has thoroughly evaluated the complete CCA and considered
relevant public comments. Thank you for your cooperation during our review process. Should
you have questions regarding this request, please contact Ramona Trovato at (202) 233.-9320.

Sincerely, o
arol M. Browrpr _
cc: Alvin Alm (DOE/HQ) . i/";;“ |
George Dials (DOE/CAQ) . fﬁf?f .

Ramona Trovato (EPA/ORIA) . ' S










Expert Panel Elicitation on the
Waste Isolation Pilot Plant (WIPP)

Waste Particle Diameter Size
Distribution During the 10,000-year
Regulatory Post-closure Period

Conducted by: Carlsbad Area Office (CAOQ)
Technical Assistance Contractor (CTAC)

Carlsbad, New Mexico, May 5-9, 1997



EXPERT PANEL ELICITATION ON

WASTE PARTICLE DIAMETER
General Orientation

® Housekéeping_
o Why
e What

— WIPP containment system

— Relationship between parameter and
containment system

-~ Relationship between parameter and
containment system performance

e How
e When




Expert Panel Elicitation on Waste
Particle Diameter

Housekeeping
e Sign in

o Observer 'protocol

— Panel will hear technical presentations from
Sandia National Laboratories (SNL) staff and
the public

— Only elicitor and panel members may interact -
with presenters

— Panel may request additional presentations by e,
use of Panel Request Disposition Form S \

— Observers may make presentations or ask
questions by using Observer Request
Disposition Form



Expert Panel Elicitation on Waste

Particle Diameter
Housekeeping

e Panel Request Disposition Form

Expert Elicitation on Waste Particte Diameter
Panel Member Request Disposition Form

Subject of Request:

v,

[CaelTime
Forwarded T

Disposition:

Fax To: Fax ¥

Phone ¥, # Pages:

From Phone ¥,




Expert Panel Elicitation on Waste
Particle Diameter
'Housekeeping

e Observer Request Disposition Foi'm

Expert Eficitation on Waste Particla Diameter
Observer Request Disposition Form

Subject of Requesl:

GRS Feauesors - Do Not Wite Below Ths Line GuNREND
. Administrative Action

Manage/Elicitor:
o

RequestNumber: ____ Provided On:
i)

(Dete/Tina)
Forwarded To:
Dispestbon.
Fax To; Fax &
Phone #; # Pages:
Frofm: Phone &




Expert Panel Elicitation on Waste

Particle Diameter
Housekeeping

e Meeting recorded by court reporter

— Transcript and/or reports provided upon
request by calling 1-800-336-9777

e Reading material in meeting room (0

- Book 1 - Curricula vitae
— Book 2A and 2B - Reading material

— Book 3 - Copies of presentation material

- — Compliance Certification Application CD-ROM
— Updated agenda (Rev. 1) |

)




Rev. 1

Expert Panel Elicitation on Waste

Particle Diameter
Housekeeping

e Meeting recorded by court reporter
~ Transcript and/or reports provided upon

request by calling 1-800-336-9477 \
o Reading material in meeting room

~ Book 1 - Curricula vitae

— Book 2A and 2B - Reading material

— Book 3 - Copies of presentation material

— Compliance Certification Application CD-ROM

— Updated agenda (Rev. 1)



Expert Panel Elicitation on Waste

- Particle Diameter
Housekeeping

Agenda (Rev. 1)
Monday, May 5, 1997

8:00 - 9:00 Introduction/Orientation Leif Eriksson

9:00 -10:00 Training Bill Roberds

10:00 -10:15 Break B
10:15 - 12:00 Training Bill Roberds <\f |
12:00 -1:00 Lunch “

1:00 - 1:30 BRAGFLO Model Kurt Larson




Expert Panel Elicitation on Waste

Particle Diameter
Housekeeping

Agenda (Rev. 1)
Monday, May 5, 1997

1:30 - 2:30 Evolution of the underground/waste
characterization/surrogate materials

| Testing Frank Hansen
2:30 - 2:45 Break | |
2:45-3:30  Mechanically-based
conceptual models for BT
Spallings event ~ Kathy Knowles



Expert Panel Elicitation on Waste

Particle Diameter
Housekeeping

Agenda (Rev. 1)

Monday, May 5, 1997
3:30 - 4:00 Magnesium oxide

(MgO) backfill - Hans Papenguth
4:00 - 4:45 TAUFAIL model Kathy Knowles
4:45 - 5:00 Panel questions | Bill Roberds
5:00 - 6:30 Dinner
6:30- ? Public comments on
; waste particle diameter Bill Roberds

C 1]
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Expert Panel Elicitation on Waste

Particle Diameter
Housekeeping

Agenda (Rev. 1)

Tuesday, May 6, 1997
7-30 -12:00 Panel members tour the WIPP facility
12:00 -1:00 Lunch -

1:00 - 2:30 Public presentations and questions to
the panel S
-EEG
-?

Panel discussion and development of
conceptual model for particle dlameter
- 2:30- 2:45  Break

10



Expert Panel Elicitation on Waste
Particle Diameter
Housekeeping

Agenda (Rev. 1)
Tuesday, May 6, 1997
2:45 - 5:00 Development of conceptual model for
| particle diameter |

5:00 - 6:30  Development of conceptual model for
o particle diameter |
6:30 -? Development of conceptual model for s
" particle diameter (if necessary) | (!’g




Expert Panel Elicitation on Waste

Particle Diameter
AGENDA (Rev. 2)
Tuesday, May 6, 1997
7:30 -12:00 Panel members tour WIPP facility
12:00 - 1:00 Lunch |
1:00 - Public presentations and questions to the panel
- EEG - “Particle Size in Existing TRU
Wastes™
- Other public participants, if any
- 2:30 Panel discussion and development of
conceptual model for particle diameter
2:30 - 2:45 Break |
2:45 - 5:00 Development of conceptual model for particle -
diameter
5:00 - 6:30

5/6/97

Development of conceptual model for particle
diameter (if necessary)



Expert Panel Elicitation on Waste

Particle Diameter
Housekeeping

Wednesday, May 7, 1997
8:00 - 10:15 Development and preliminary
| summarization of conceptual model
10:15 -10:30 Break .
10:30 - 12:00 Development and preliminary
summarization of conceptual model ,\
12:00 -1:00 Lunch '
1:00 -2:30 Public questions and comments
| Finalization of conceptual model

®




Expert Panel Elicitation on Waste
Particle Diameter
Housekeeping

Agenda (Rev. 1)
Wednesday, May 7, 1997

| 2:30 - 2:45 Break
2:30 - 5:00 Finalization of conceptual model
5:00 - 6:30 Dinner |

6:30 -7 Elicitation on _input parameters

—

13



Expert Panel Elicitation on Waste
Particle Diameter

Housekeeping

Agenda (Rev. 1)
Thursday, May 8, 1997
8:00 - 10:15  Elicitation on input parameters (if
| needed); summarization of input
parameters; and preliminary model

results
10:15 - 10:30 Break |
10:30 - 12:00 Elicitation on input parameters (if

needed); summarization of input
parameters; and preliminary model N

| | results | \"
12:00 - 1:00 Lunch | -
1:00 -2:30 Public questions and comments

Reconsideration and finalization of
input parameters

®




Expert Panel Elicitation on Waste

Particle Diameter
Housekeeping

Agenda (Rev. 1)
| Thursday, May 8, 1997

2:30 -2:45  Break |

2:45 -5:00 - Reconsideration and finalization of
input parameters

5:00 - 6:30 Dinner

6:30 -? Reconsideration and finalization of
input parameters (if necessary)

18



Expert Panel Elicitation on Waste

Particle Diameter
Housekeeping

Agenda (Rev. 1) o
Friday, May 9, 1997

8:00 - 10:15 - Verification of elicitation by
panel and documentation

10:15 - 10:30 Break

10:30 - 12:00 Verification of elicitation by
panel and documentation

12:00 Adjourn (if model and results are "
- completed) N




Expert Panel Elicitation on Waste

Particle Diameter
Why

e The WIPP Compliance Certification Application used
waste particle diameter in the Spalling model

e The EPA requested expert judgment elicitation on the
waste particle size distribution
— March 19, 1997 —

— April 25,1997 | ¢

Mr




Undisturbed Performance Assessment Demonstrates

Probability of Releases > R

No Releases For 10,000 years

100
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Expert Panel Elicitation on Waste

Particle Diameter
Why

40CFR191.13(a) (Cont.)

(1) have a likelihood of less than one chance in 10 of
exceeding the quantities calculated according to Table 1

(Appendix A); and

(2) have a likelihood of less than one chance in 1,000 of (\f
~ exceeding ten times the quantities calculated according

“to Table 1 (Appendix A)




Expert Panel Elicitation on Waste

Particle Diameter
Why
40CFR191.13(a) CONTAINMENT REQUIREMENTS

e Disposal systems for spent nuclear fuel or high-level

‘or transuranic waste shall be designed to provide
reasonable expectation, based upon performance
assessment, that the cumulative releases of
radionuclides to the accessible environment for
10,000-years after disposal from all significant
processes and events that may affect the disposal

_system shall:



Expert Panel Elicitation on Waste
Particle Diameter

Performance assessment means:

An analysis that (1) identifies the processes and events that
might affect the disposal system; (2) examines the effects
of processes and events on the performance of the |
disposal system; and (3) estimates the cumulative releases
of radionuclides, considering the associated uncertainties,
caused by all significant processes and events. These
estimates shall be incorporated into an overall probability
distribution of cumulative releases to the extent
practicable.

21



Expert Panel Elicitation on Waste

Particle Diameter
‘Why

Preamble to 40 CFR 194.

Typically, expert judgment is used to elicit two types of
information: (1) numerical values for parameters (variables)
which are measurable only by experiments that cannot be
conducted due to limitations of time, money, and physical
situation: and (2) essentially unknowable information, such
as which features should be incorporated into passive
institutional controls that will deter human intrusion into

the repository.

22




System Description

Reguiatory Standard for Release
A0CFR §191.13

Regutatory Compiiance Criteria
40 CFR Part 194 Sections 6.0,6.1

—

CCDF Caonstruction, and Results

Sections 6.4, 6.5

Sensitivity Analysis

Reguiato
pirkd —p Ste Facllity Waste
Characteristics Characteristics Characteristics
Chapter 2 Chapter 3 Chapter 4
Feature, Event, and Scenario
Process Screening > Development
Section 6.2 Section 6.3
scenario Consequence
Probabilities Analysis
Section 64 Sectionb.4
Uncertainty Analysis,

Note: All activities are conducted under QA procedures as discussed in Chapter 5.0.

[ ] Reguiation

[ Performance assessment

|:| Compliance ¢ ertific ation applic ation component

Figure 6-1. Met hodology for Peiformance Assessment of the WIPP

CEnDYa-2



'~ asses
New Data .

- Model Running
- Loop

Models

Nlndc]s for individual components of the WIPP system can be thought of
as separate boxears linked together and driven by the PA engine.

SN determines which boxcars to improve, add. or remove.

When all models and data are complete, the track will switch and the train
will go through the EPA "Tunnel of Compliance.” The EPA will switch
the train to cither the "ves™ or "no' track at the end of the tunnek.




Expert Panel Elicitation on Waste

Particle Diameter
What

e Scope

— To elicit expert judgment on WIPP waste particle
diameter size distribution(s) during the 10,000-year
regulatory post-closure period



Expert Panel Elicitation on Waste

~ Particle Diameter
How

e Format and requirements for expert judgment defined by
EPA in 40 CFR 194.26 | |

e Additional EPA guidance on expert judgment provided in
the Certification Application Guidance for 40 CFR 194 -
document




Expert Panel Elicitation on Waste

Particle Diameter
How

e CAO developed procedure (TP 10.6) and plan (DOE/CAO-97-
223) for expert judgment elicitation defining:

— Scope

— Process (including organization)
_ Estimated resources

~ Estimated schedule

——
)
o n i |
x E
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Expert Panel Elicitation on Waste

Particle Diameter
How |

Proc_ess

e Main governing documents
— 40 CFR 194.26

— CAO team procedure (TP 10'.6, Rev. 1)
expert judgment

— CAO Expert Panel Elicitation Plan
(DOE/CA0-97-2223, (REV. 2)

— CTAC desktop instruction (CTACIEP-DI1,
Rev. 0)



Expert Panel Elicitation on Waste

Particle Diameter
How

Process

e Main steps
— Definition of technical issue(s)
— Public notification
— Selection of and contracting with expert
— General orientation and elicitation training
— Presentation and review of issues
— Preparation of expert analysis by elicitor



Expert Panel Elicitation on Waste

Particle Diameter
How

Process

e Main steps

— Discussion of analysis by panel members
— Elicitation
—~ Recomposition and aggregation

— Review and approved or dissenting opinions
provided by experts

~ Public review of final draft report

— Preparation of final report and documentation
of process

*
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Expert Panel Elicitation on Waste

Particle Diameter
How

Process

e Main organizations/key participants

— CAO assistant manager, Office of Regulatory
Compliance (ORC)

— ORC Expert Panel coordinator

— CTAC administrative manager

— Elicitor/facilitator

~ Expert Panel Selection Committee
— Sandia National Laboratories staff

7



Expert Panel Elicitation on Waste

Particle Diameter
How |

Process

e Main roles and responsibilities - CAO assistant |
manager, ORC

— Responsible for development of expert
judgment procedure and plan

~ Appoints ORC Expert Panel Coordinator
— Appoints Expert Panel manager




Expert Panel Elicitation on Waste

Particle Diameter
How

Process

e Main roles and responsibilities - ORC Expert
Panel coordinator

— Definition of scope of work

— Development of Expert Panel Elicitation
Plan

— Interface with CAO assistant manager,
ORC; CAO Public Affairs; Expert Panel
manager; and SNL's management staff

38



Expert Panel Elicitation on Waste

Particle Diameter
How

. Process
e Main roles and responsibilities - Expert Panel
manager
— Selects elicitor/facilitator

— Selects two other members of selection .
committee ( N

— Establishes availability among nominated
potential Expert Panel_ members

®




Expert Panel Elicitation on Waste

Particle Diameter
How |

Process

Main roles and reéponsibilities - Expert Panel
manager

— Contracts with panel members

_ Interfaces with the CAO-ORC, SNL, and WID
staff involved in presentations and WIPP

site tour |
— Coordinates the preparation of reports
_ Maintains administrative record (QA files)



Expert Panel Elicitation on Waste

Particle Diameter
How

Process

e Main roles and responsibilities - Elicitor/
facilitator

~ Trains Expert Panel members |
— Facilitates and controls the meeting

y ,/N‘ \
\'\.._ Y
e ]

i l'.

— Interfaces with Expert Panel
manager, Expert Panel members,
presenters, and observers




Expert Panel Elicitation on Waste

Particle Diameter
How

Process

e Main roles and responsibilities - The Selection
Committee

e Evaluates resource requirements to conduct

scope of work defined in Expert Panel Elicitation

Plan

e Evaluates, nominates potential candidates for
Expert Panel

40



Expert Panel Elicitation on Waste

Particle Diameter
How

Process

e Main organizations/key participants - Observers

— Expert Panel (six members)
« Archaeology (1 expert)
o Chemistry (2 experts)
« Rock/soil and/or fluid mechanics (1 expert)
. Performance assessment (1 expert)

28




Expert Panel Elicitation on Waste

Particle Diameter
How

Process

¢ Main organizations/key participants - Observers

— Expert Panel (six members)
Archaeology (1 expert)
. Chemistry (2 experts)

. Rock/soil and/or fluid mechanics (1 expert)
« Performance assessment (1 expert)
Generalist (1 expert)

Rev. 1

28



Expert Panel Elicitation on Waste

Particle Diameter
How

Process

e Main roles and responsibilities - SNL point of
contact
_ Coordinates SNL’s technical presentations

— Responsible for making SNL staff and
information available, as requested by Expert

Panel
— Interfaces with CAO-ORC WID, and CTAC staff

 {




Expert Panel Elicitation on Waste

Particle Diameter
| How .

Process

e Main roles and responsibilities - Observers

_ Entitied to make presentations pertinent
to WIPP waste particle diameter

— Contingent upon approval by Expert
Panel manager, facilitator, and Expert

Panel members |
' — Follow observer protocol

42



Expert Panel Elicitation on Waste
Particle Diameter

How

ORGANIZATION/KEY PARTICIPANTS WASTE PARTICLE DIAMETER ELICITATION

Carlsbad Area Oflice {CAQ)

Assistant Manager Office of Regulatory Compliance (ORC): Mike McFadden

ORC Expert Panel Coordinator: Richard Lark
Publie Relalions: Pat Kilgoie

|

—

Sandia Nalional L'nbotaloﬂes {SNL)
Point of Contactintetlace: Mel Marietla

CAO Technical Assistance Contractor (CTAC)
Expeit Elicilation Manager: Leil Eiiksson

1
‘Weslinghouse Waste Isotation Division (WD) |

{ 1

Elidtor/Facililator; William Roberds

Expert Panel /o
Patrick Domenico {Generalist) ) ) { S
Robert Mutaw (Archaeology) \
Paul Drez (Chemistry)
David Grandstalf (Chemisiry)
Michael Gioss {Performance Assessment)
Paul LaPointe (Rock/Soil/Fluld Mechanlcs)

.

i




Expert Panel Elicitation on Waste

Particle Diameter
How

WIPP Containment System

Waste form (waste characteristics)
Subsurface facilities with engineered barriers
Facility characteristics, including backfill

Natural containment barriers within the
controlled area (site characteristics)

4



MAIN RADIOACTIVE
WASTE TYPES

® Low-level radioactive waste (LLW)

® Transuranic radioactiVe waste
(TRUW)

- Atomic weights > uranium

- 3,700 becquerels of alpha-
emitting transuranic isotopes
per gram of waste

- Half life > 20 years

® Spent nuclear fuel and other high-
level radioactive wastes (HLW)




DIFFERENT TYPES OF TRUW

e Contact-handled

- Activity between 3,700 becquerels (Bq)/gram
and 0.002 sievert (Sv)/hour

- WIPP capacity > 168.504 cubic meters (m?)

e Remote-handied
- Activity between > 0.002 Sv/hour and 10 Sv/hour

- WIPP capacity < 7.080 m3
- Only up to 5% of total RH TRUW

volume, i.e. < 354 m3 can be above
0.1 Sv/hour

10 Sv/hour
D._0_02 Sv/hour -
. 4%

3700Bq 7080 m?

96%
168,504 m




Expert Panel Elicitation on Waste

Particle Diameter
" How

Relationship between parameter and containment system

e Influenced by post-closure processes and events induced by
one or more containment system components, i.e., waste
form, engineered systems/barriers, and the geologic setting

48



_ WIPP
WIPP Surface projection | 414 withdrawal Act
Land Withdrawal Act "block” of waste panels Boundary
(surface area 41 km2) Grid in km? (6.4 km per side)

40 CFR 1911194
Disposal System

40 CFR 268
Disposal Unit

Note:

At the WIPP site, the horizontal
area of the "40 CFR 268 Disposal
Unit" and the "40 CFR 191 Disposal
System" are identical but

the thickness of the "40 CFR 268
Disposal Unit" is only about 33%
of and included In the "40 CFR 191
Disposal System."

" Scale is proportional but
vertical scale is exaggerated

496R:69380



o ®
WIPP FACILITY AND '
STRATIGRAPHIC SEQUENCE

SALT STORAGE PILES WASTEHANDLING GATUNA
\ sursmu':eunc SUPPORT BUILDING oA ¢-11m

SANTA ROSA

AIR tHTAKE SHAFY 2-76m

EXHAUST SHAFT

oy DEWEY LAKE
30-168 m

RUSTLER
84-130m

SALADO
533-610m

| REPOSITOR Y

CASTILE
381 m

BELL CANYON
N4 m

"The best means of
long-term disposal...
is deep geological
emplacement...."

National Academy of Sciences

\_ Y,

596R:6962u
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Expert Panel Elicitation on Waste

Particle Diameter
How

Relatiohship between parameter and
containment system performance
¢ Inadvertent borehole intrusion(s)
— Spalling |
— Cuttings
— Cavings
— Direct brine release(s)

48



Expert Panel Elicitation on Waste

Particle Diameter
How |

Cuttings

e Waste contained in the cylindrical
volume created by the cutting action
of the drill bit passing through the
waste (including backfili)

a7




Expert Panel Elicitation on Waste
| Particle Diameter
How

Cavings

e Waste (including backfill) that
erodes from the borehole in
response to upward-flowing drilling
fluid within the annulus between |
the rock and the drill stem

—,

ol ~
. W":‘f:h“\
i !
., ’.
.

43



Expert Panel Elicitation on Waste

Particle Diameter
How

Spalling |

e Waste (including backfill) introduced into
the drilling fluid caused by the release of
waste-generated gas escaping to the

ground surface through the lower-pressure
borehole.

— Requires a repository gas pressure that
exceeds the hydrostatic pressure of the
drilling mud

//_\"
7 ™
[ >y

49




Expert Panel Elicitation on Waste

Particle Diameter
How

Direct brine release

e Waste (including backfill) introduced into
the drilling fluid caused by an
overpressurlzed waste room and brine
escaping to the ground surface through
the lower-pressure borehole.

— Requires a repository brine pressure
that exceeds the hydrostatic pressure
of the drilling mud
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CAVINGS

Drill Collars

Figure 3. Detail of rotary drill string adjacent to repnsitoi'y.
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Title 40 CFR Part 191 Compliance Certification Application

El

Drilling Rig _
/ Land Surface

P o ST '.
?: IE . l...,. -
g =2 [
- T
2 & { g B
2 £ Subsurface | //"&
= g Boundary of | [ely :
Accessible A Upoer Seal System —
Environment : ‘\J PP _ eal =)
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CONCEPTUAL MODEL
FOR SCENARIO E1E2
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assessment consists of:

- Inadvertent human
intrusion

- Connects repository to
Castile brine pocket

- Considers potash' mining

- Considers all events that
have one chance in 10,000
years of occurring

- Probabilistic determination
for 10,000 years

- Ninety-five percent statistical
confidence level in the mean
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Expert Panel Elicitation on Waste

Particle Diameter
When

Schedule

e CAO approves procedure 4/14/97
TP 10.6 for expert judgment

e CAOQ approves Expert 4/21/97
Panel Elicitation Plan
(DOE/CAO-97-223)

e Expert Panel manager 4/21/97 N
nominates Selection
Committee members and
elicitor/facilitator




Expert Panel Elicitation on Waste

Particle Diameter

When

Schedule |
e Public Notice 1 |

e Selection Committee meets and
nominates Expert Panel
candidates

e CTAC contracts with panel
members

e Expert Panel meets in Carlsbad,
N.M., prepares draft report

4/21/97
4/22/97

4/23-5/2/97

' 5/5-5/9/97

3



Expert Panel Elicitation on Waste

Particle Diameter
When |

Schedule
e Completion of final draft report 5/12/97

e End of public comment period on
final draft report | - 5/27/97

e Completion of final report o

- Contingent upon the extent of .’
- pertinent public technical | 5/31/97
comments |




a8

- Models and data are
improved and updated.
or brand new modsls .
{Boxcars) are added to N\ ¢ oo e 0 . _
v the PAtrain N0 B O N . T EER P I :
. ! . . L . i i S yan) s . " s - o B i : ' . i i Secretary's
o - e ) Decision

. .PA

_Model

Models for individual components of the WIPP system can be thought of
as separate boxcars linked together and driven by the PA engine.

SNL determines which boxcars to improve, add, or remove.

When all models and data are complete, the track will switch and the train
will go through the EPA "Tunnel of Compliance." The EPA will switch

the train to either the "yes" or "no" track at the end of the tunnel. 406R:6938n




v




Expert Elicitation on
L > WIPP Waste Particle Diameter Size Distribution(s)
during the 10,000 Year Regulatory Post-Closure Period

Probability/Elicitation Training

o~ Dr. Wm. J. Roberds

" Golder Associates Inc.
Carlsbad, NM
May 05, 1997

) Golder
L/ Associates

© Copyright 1997
PR3 1930,301/63457.ppt




Workshop Obj ectives

m Familiarize Sub]ect Matter Experts (SME’s)

e variability and uncertainty

e quantification of uncertainties (probabilities)
e decomposition |
e assessment procedures and potential problems
¢ elicitation procedures

m Provide context for review of technical
information prior to actual elicitation (/-

Golder
Assncmtes

m Prepare for actual elicitation

PR3 1930.301/63487 .ppt
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B Workshop Topics

m Parameters m Probability
* types . - e types -
* assessments - ® assessments
m Uncertainty m Elicitation
* meaning e potential problems

® SOUrces I ¢ procedures

PR3 1930.301/63487.ppt



Types of Parameters

m Binary (Boolean) - one of two p0531ble values (x,x’)
m Discrete - one of finite set of possible values (x;)

m Continuous - one of infinite set of possible values

( Xmin <x < xmax)

m Population - one set (of various possible sets) of
values for each member of “population”
(variability in group, time or space) (x)

w Combinations - one set (of various possible sets) of
values for different parameters (correlation) (x,y)

Golder

.Assoaates

® ' °




weight (Ibs)
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Example (2 of 2)

frequency (%)
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Statistical Variability

| Spatlal | -
e conditions vary with location at t;
or among individuals (z) _.
m Temporal -

e conditions change with time (t)

- degradation (size)
- stochastic (seismic loads) e

I [ ]
m Descriptors
e individual or pairs of values
e average or extreme values

PR3 1930.301/63487.ppt



Statistical Correlation

m Dependence - relationship between parameters

e variability in “dependent” parameter is reduced when
considering subset with specific value of “independent”
parameter |

m Independence - no relationship between parameters

e variability in parameter is not reduced when considering
subset with specific value of other parameter

m Types of correlations - (ot
® nter-parameter - among inputs, sensitivity, or error
e intra-parameter - spatial or temporal autocorrelation

(38 Golder
I JAssociates

PR3 1930.301/63487.ppt
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Parameter Assessment

m Measurement
e practicality (quantity and representativeness)

e potential errors

m Inference
e interpolation | C”-v\
e extrapolation

o decomposition (model: x = f(y))
- simplifications
_ similar problems at more detailed level

PR3 1930.301/634B7.ppt



Uncertainty

m Parameter value(s) are not known with
absolute certainty - various values are possible

m Uncertainty in parameter value is due to
o imperfect information (ignorance) o
» . «fe ?,;:‘F
e stochastic/random process (variability) Q_/

m Uncertainty in parameter value can be
quantified in terms of probability distributions

— relative likelihood of possible values

* o _ E Golder
——— | JAssociates

o o o



Types of Probability Distributions
inary parameter

probabzlzty P[x]
“expresses relative
likelihood (from
0=impossible to

1 =guaranteed) of
binary parameter x

Plx] + P[x’] = 1

PR3 1930.301/63487.ppt

. Golder
I JAssociates



Types of Probability Distributions
- discrete parameter (1 of 2)

probability mass -
function (pmf) p[x] pixl |
expresses relative

likelihood (from

O=impossible to 0 -

0123 5 7 8
1 =guaranteed) of each tee R

possible value of

) x] = 1.0
discrete parameter x ax PL1 -

Bz

PR3 1930.201/63487.ppt
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Types of Probability Distributions
- discrete parameter (2 of 2)

if x are ordered,
cumulative distribution
function (cdf) P [x]
expresses relative
likelihood (from P
0=1mpossible to G
1 =guaranteed) of being
equal to or less than
each possible value of
discrete parameter X

median
| -— —>
90% conf. int.

P _[x] =T xi<x PIE

PR3 1930.301/63487 ppt



Types of Probability Distributions
- continuous parameter (1 of 3)

probability density
function (pdf) plx]

expresses relative
likelihood (from px
O=1mpossible to

oo =guaranteed) of each
possible value of
continuous parameter x

PR3 1930.301/63487.ppt

¢ o




Types of Probability Distributions
- continuous parameter (2 of 3)

cumulative distribution '
function (cdf) P _[x] e
s P_g(x) 5 ¢

expresses relative
likelihood (from (= oo

. . \\\ - 0.05—7 :
0=1impossible to | 0 —T— -
1 =guaranteed) of being " median

. |- |
equal to or less than each 90% conf. int
ossible value of | e ds

P | P < [X] = J‘all x1<x p [X1] dXi

continuous parameter x

e I | I JASsociates




Types of Probablhty Dlstnbutlons
- continuous parameter (3 of 3)

Convenient forms
® um’form p,Ix] *

- lower bound of x
- upper bound of x 0 I I

o normal (Gaussian) pdx A
-~ mean of x
- standard deviation of x 0

d lognormal P IN x]
-~ mean of In x
- standard'deviation of In x

PR3 1930.301/634587 .ppt




Types of Probability Distributions
- population parameter '

the characteristics x* of
population distribution x
(e.g., mean, standard

~ deviation, percentiles) can
be considered continuous
parameters, and the relative |~/ !
likelihood of any possible o X
value of x* expressed by . e.g., pix] = NIpIm,J, pls,ll

P df p[x*] or cdf PS_[X::-] (=)

fIx] b
pix]

Golder |

F JAssociates

PR3 1930.301!634§?.pp!



Types of Probability Distributions
- parameter combinations

m joint probability distribution p[x,y] expresses
relative likelihood of each possible combination of
values of parameters x and y: p[x,y] = p[x|y] ply]

m conditional probability distribution p[x|y]

~ expresses relative likelihood of each possible value
of parameter x as a function of the value of
parameter y (assumption): p[x] = Ly, plx lylplyl

m correlation s[x,y] expresses relationship between %
relative likelihoods of values of parameters x and y

' _ . Golder

_Associates

PR3 1930.301/63487 ppt
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Decomposition

m Relationship

e parameter of interest =function of other
parameters, which are more convenient to estimate

m Graphical representation
o fault tree
* event tree
e probability tree
e influence diagram

m Conceptual/analytical simplifications

? Golder
Assncmﬁes

PR3 1930,301/63487 ppt



Fault Tree

A | —— and N
‘ Bl |[C (%

Event X will occur if either Event A or (Events B and C) occur
PIX] = P[A] + P[B and C|A’]

= P[A] + P[AT*P[B|A’]* P[C|B and A’]
AMX] = A[A] + A[B and C] |

= A[A] + A[B*P[C|B]

Goldg.r '

[ Associates

PR3 1920.301/63487.ppt




AJ

PR3 1930.301/63487.ppt

Event/Prob ab111ty Tree
Jc | ABC X PIAJP[BIAIPICIB,A]
B | [c'] ABC’ X P[AIP[B|AIPIC’|B,A]
_Ac AB'C X PIAIP[BJAIPICIBLA] | P[X]
c'| AB'C’ X P[AJP[B’|AIP[C’|B"A]
1| aBC X P[A’P[BIA'IP[CIB,A"] _
o'l A'BC’ X' P[AJP[BIAIPIC’|B,A"] 7]
< | A'B'C X' P[A'JP[B'IAYIPICIB Al | PIX]
Bl fer] amex PIAPIB'IATPICB'AT

. Golder
F JAssociates



X
N

A D

A

B

Influence Diagram

X = f{A,D}

D = f{B,C}

X = f{A,B,C}

p[X] = f{p[A,B,C]}

|C

.

™~

-
o
h
o
‘“-.,_.

The parameters which influence X can be |dent|f|ed_
mcrementally to any level of detall |
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Premise

«Everything should be made as simple as possible

but no simpler.”
Albert Einstein

Assm‘_lates

PR3 1930.301/62487.ppt .



Sources of Uncertainty

B Scenarto
- e current conditions and ongoing processes
e future processes, events and decisions -

m Models

e conceptual simplifications
e numerical approximations (7;,, .

B Parameters
e variability
e insufficient data

| . E_Gomgr
PR3 $930.301/63487 ppt _ : i Assms




Decomposition Model

Input Parameters (xy) Conditional Consequences (Z)  Consequences (Z)

coqservalive
plx] estimate plZ,] k
e -
X \ \ T A B  Scenario5
1,y plxy] = pIZs(x3)] | l
&
plyl plZil

PR3 1930.301/63487 .ppl



Modeling Techniques

m Analytical solutions/approximations

e very complex (except for simple models) or many simplifying
assumptions are required

m Event tree/fault tree/reliability analyszs

e failure expressed in terms of specific combinations of discrete
‘ events |

B Monte Carlo simulation

e many possible scenarios (parameter combinations/models)
are generated randomly and evaluated, and the results are
weighted by the likelihood of each of those scenarios

e
e proprietary to commercially available tools (spreadsheet =

addin) B

@Risk Example

PR3 1930.301/63487.0pt




Spreadsheet Simulation

- @ Uncertain system parameters:
e X = Normal distr w/ mean=10 & stnd dev=>5

e Y = Normal distr w/ mean=20 & stnd dev=5

m Possible assumptions (scenarios):

o A, additive (Z=X+Y) P[A]=0.25
e B, multiplicative (Z= XfY) P[B]=0.75
m Uncertain consequences: .

p[Z | Al P[Z ‘ BJ, p[Z] (==

PR3 1930.301/63487.ppt



Spreadsheet Model

Microsoft Excel - Bookl
Format Tools Data Window

cor = rmmaraa e e e e T
Ty g = i T TR e Fe B
=== oA Bl ] B -
& ad E " i e :, o i i q
- e = et - -

)|"=RiskNormal(10,5)"| | i

"=RiskNormal(20,35)"
"=RiskDiscrete({0, 1},
"=B1+B2"|
y\"=B1*B2",|
) f_'_=.__!_E,(E§3f%@fL. B5)" |

PR3 1930.301/63487 ppt




‘Simulation Model

T @RISK
Execute Hesults Window Help

=T

~_input Graph - Ccl) B1

' : : o oi.... |[BooklSheetl
: TR SEp ste({0,1) 10.25.0. Book1]Sheetl
3 I

PR3 1930 301/63457.ppt



Simulation Settings

IE @RISK | pe]
File Edit Settings Variables Execute Results Window Help :

Setti

T

S

PR3 1930.301/63487.ppt
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@RISK
Execute Results

a ] -
76.74119 199.7679 579.879
76.74119 153.2979 579.879

S3.371444 22.07631

20.01866 ]

PR3 1930.301/63487.ppt



Summary Graphical Results

@RISK - [Summary Graph - Cells B4 to BE)
Edit Settings Yarlable

PR3 1930.301/63487.ppl
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Sensitivity

;  @RISK
File Edit Settings Variables Execute Results Window H

6895446 . +.4541494
6707156 16708335
2443696 +.3732733

PR3 1930.301/63487.ppt




Direct Assessments of Probability '
Distributions - |

m Objective
e representative data set => statistical analysis/model

e such data sets do not exist for some parameters

m Subjective
e non-representative data set = > uncertainty based on
judgment consistent with all available data

(very commonly done implicitly)
e results are non-unique and may be controversial
o procedures are available to effectively mitigate ( %\1
~ potential problems and achieve consensus in :
- defensible way |

PR3 1930.301/83487.ppt




bjective Assessment of
Pro ability Distributions

m Almanac game -

o assess specific confidence intervals for many
parameters with known values (ref. almanac)

e example: assessor states an 80% confidence that
the population of Indonesia in 1988 was between
50 and 150 million (true value is 177 m)

o percentage of parameters with true values in
assessor’s specified confidence interval should
equal that confidence (e.g., half in 50% interval)

‘B Assessors can be cahbrated/ corrected or

trained to improve S
m# Golder
PR3 1930.301/63487.ppt . Assms




Almanac Game
Questionnaire #1

Cumulative Probability
0% | 10%) 50%| 90%100°

1. Berlin-Sydney air distance

2. French WWII battle fatalities

3. Vogue mag paid circulation
(avg 7/1/87-12/31/87) |

4. Isle of Man population

. (12/31/86)

5. Pope Gregory IX reign "
duration l

6. Canada’s 1987 crude
petroleum production

7. Straight-line airplane speed
record (12/31/87)

8. Francis Bacon year of death

9. Sun-Neptune mean distance

10. Ecuador area (12/31/87)

Number of actuals:

G;)lder

PR3 1930.301/63487 ppt



Potential Problems with Subjective
Assessments (1 of 2)

m Poor problem structure ‘

o ambiguous parameter definition (random or
average or percentile values, correlations)

 unspecified assumptions (conditional)
‘e incomplete knowledge of available information

m Poor quantification

* inaccuracies ({\

u Large uncertainties i S
= Golder

PR3 1930.301/63487.ppt ' AS P * l S

e imprecision (fuzziness)




Potential Problems with Subj ective

Assessments (2 of 2)
m Poor defensibility
e inadequate qualifications of asse_ssor(s)

e inadequate documentation

m Group problems
e lack of commonahty on problem structure
e disagreements or differences of opinion

‘_J-"""'—»_\.
b
. g A3

e group dynamics

‘m Uncorrected individual assessment biases
tent with beliefs

. Golder
F JAsSsociates

L motivational - statements inconsis
 cognitive - behefs 1ncon51stent

PR2 1930.301/63487 ppt



Motivational Biases

B Management - what they want to hear
m Expert - appear knowledgeable
m Conflict - selt-serving

m Conservative - err on the “safe” side .

b
Py i
e

m Peer pressure - go with the crowd (%

— ' led.erl




Cognitive Biases

m Anchoring - focus on starting point
m Ouverconfidence - ignore unlikely possibilities

m Coberence/Conjunctive Distortions - ignore
components (combinations: e.g., P[x] = 1], Ply))

m Availability - focus on easily recalled 1nforrnat10n
B Buase Rate - focus on most specific information

m Representativeness - ignore relevance of different
types of information (treat all equally)

\
# -q_“\‘ Y
r ol

.i(}older

PR3 1930.301/63487.ppt
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9.
10. Poland area (12/31/87)

. Istanbul-Hong Kong air distance
. Romanians WWI battle fatalities
. Chicago Tribune paid circulation

. Poland population (12/31/86)
. Number of baptized Roman

. China’s 1987 crude

. World ranking of SeaTac airport

. Year of first manned balloon

Questionnaire

Almanac Game

b

Cumulative Probability

0%

10%| 50%| 90%100%

p

(M-F avg 12/87)

Catholics (12/31/87)

petroleum production
(1987 passengers)

flight
Diameter of Neptune

Number of actuals:

PR3 1830.301/63487 ppt




Subjective Assessment by Expert
Elicitation _

m Procedures - ensure accurate and defensible

probability distributions, based on judgment of
expert(s) consistent with all available information,

by mitigating potential problems to extent possible

m Elicitation - explicit interaction between
o elicitor - understands probability, elicitation, and
parameter definitions/ model | | (=
o technical expert(s) - most familiar with all available |
. formation and best qualified/unbiased to interpret

that information (less ignorance) i
T (Psou

PR3 1930.301/63487.ppl ' i ASSDClatES



Variables of Expert Elicitation
Process _

B Number and credibility of experts

e representative sample of technical community

m Interaction and consensus among experts (if
more than one)

m Outside participation and review

m Information collection and review

m Elicitation techniques, detail and precision G;'\
m Defensibility and documentation B

PR3 1930.301/63457.ppt




- Expert Elicitation Process

Need for expert
elicitation
determined

~Fansi ="
Manager

Procedure
developed and |
approved

Elicitor Etcitor | Plan " Selection List of expert
develops — | appointed [~ developed and | .. Committee . candidates
training material approved appointed developed
S, A \‘-. e ' Eiﬁeri'é
P ublic Background qualifications/
notifie d inform ation availability
assembled determined
o —u—--;———— .///_____ ¢ e e e S e
Public “Bubiie £ >
submits - request x'pe:tsd
written input inform ation selecle
ezt R 4
o o review o Experts
] contracted
material
=== = - pICIEIE I _—— e Ee o e e e e e —m m m e e — e m — = = = e e = - LTS T T
) lFGB‘i"ic iEELT‘ [ﬂsmgaq ‘FbE‘iiEn_p{ii] ! |””"E'u5ii€; Review |
[} 1
1 Y Y T AT T TR T T | B ) Y
LW Y _ ¥ _i e : e
' E)fp.erl Pretse%ls'llo:j of Concedpttual Experts Expert (L Draftreport Final report
. | training/ ‘technica mode elicitation verification |~ developed developed
' | orientation inform ation developmen ! _
1 ' '
: MEETING
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Activity

3.1. Definition of technical issue(s)

3.2. Public Notification

3.3. Selection and contracting of experts

3.4. General orientation and elicitation training

3.5. Presentation and review of issue(s)

- 3.6. Preparation of expert analysis by elicitor

- 3.7. Discussion of analysis by panel members
3.8. Elicitation
3.9. Recomposition
3.10. Review and approved or dissenting
opinions provided by the experts
3.11. Documentation of the Process and

" Results

PR3 1930.301/63487 ppt

'Expert Elicitation Materials

Materials

CAO Procedure/Plan

Letter to Stakeholders; media release
Selection forms signed by Selection
Committee; resumes, OCI, contracts signed by
each expert

Transcript; background reading materials;
OHs; form signed by each expert

Transcript

Spreadsheet; OHs ST
Transcript /\fz;.{@f” f
Transcript; writtep summary
Spreadsheet; OHs

Transcript; statements signed by each expert

Report; review comments; statements signed
by each expert regarding comment resolution

' Golder

' JASsociates




General Expert Elicitation
Procedures (1 of 2)

1. Conditioning - expert(s) are trained in
probability and review available information

2. Structuring - parameters to be assessed are
clearly defined (including any assumptions or
decomposition/recomposition per the model)

3. Elicitation - depending on parameter type, the
universe of possible parameter values 1s
identified, and then the probability distribution
for parameter values is quantified by the experts -

through questioning by the elicitor
PR3 1930.301/63487.ppt | _ i ASS(}(‘.IE\IES




General Expert Elicitation

Procedures (2 0f2)

3. Elicitation (cont.) - elicitor looks for and mitigates
any assessment biases and ensures consistency and
logical rationale in the assessments; if more than one
expert, elicitor looks for and mitigates adverse group

~ dynamics, ensures commonality in problem
structure, and identifies and attempts to resolve
other differences amongst experts (or aggregates)

4. Verification/Documentation - probability distribu-
tions are restated by elicitor and confirmed/ P
modified by expert(s), and the

entire process is documented
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® Specific Elicitation Topics
1. bounding values (minimum and maximum) .

2. cumulative probability of specific values

convergent pair-wise comparisons (e.g., 1s x<4
more likely than event y with known probability?)

3. specific percentile values

o direct assessments (e.g., almanac game)

e convergent pair-wise comparisons of confidence
intervals (e.g., is x <4 more likely than x>4?)

—

4. most likely value e

\u

5. distribution form | |
(symmetry and modality) %Gold or
PR3 1930.301/63487.ppt _ A . - i 'As S 1\ I S




Probability Wheel

Choose A or B as most likely

A = {spin wheel and B = {X<4}
land in target area}

Adjust size of target area
(or value of X)
until indifferent to choice

PR3 1930.301/63487.ppl




Intervals

m to define 50 percentile value

choose between A and B as most likely

A = {X<4} B = {X>4}

adjust threshold value until indifferent to choice
m to define 33 and 67 percentile values
choose between A, B and C as most likely (=

- {X<3} B={3<X<6} C={X>6}

adjust threshold values until indifferent to choice

. Golder
sociates
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Integrated Construction of
Probability Distribution

100%— bound i
| i mode
;.E wheel 2
re) = B
3 3
2 8
Q. interval s
'-g _ O
= shape _/ E
E A Ve ©
£ . o
=3
o .
00/0# . > 0%

mode
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Comparison of Input Distribution and
Uriform{5.00,10.00)

|0.385149

= g Beta{0.99,0.99) " 10.00 (0

I VUniform}
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Conclusions

m Due to variability (irreducible) and/or '
ignorance (imperfect information), there 1s

uncertainty in specific parameter values

m Uncertainty can be quantified in terms of a
probability distribution, which expresses the
relative likelihood of any possible value

m Probability distributions can be defensibly
assessed based on the elicited judgment of

qualified and unbiased technical expert(s),
consistent with available information and

mlnlmall assumptions AS_EG{,m!:r .
sociate

PR3 1930,301/63487 ppt
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Appendix B Decomposition Model

The decomposition model is discussed in Section 4 of the report. As discussed, the
decomposition model produces a complementary cumulative frequency distribution (CCDF) for
the population of particle sizes that will exist at the time of an inadvertent human intrusion, as a
function of the predicted conditions in the repository at that time. In other words, the particle
size distribution depends on the repository conditions, as specified by performance assessment
(PA). These inputs are uncertain, and this uncertainty must be propagated through the
decomposition model in order to determine the uncertainty in particle size populations. PA thus
provides some of the inputs required for the decomposition model, so that the decomposition
model must be linked to PA (either directly or indirectly). However, the implementation of the
decomposition model in PA is outside the scope of this elicitation. :

"The various concepts and algorithms, as discussed in Section 4, have been incorporated in the
attached EXCEL 5.0 spreadsheet (WP_DIA4.xls). This implementation of the model is
discussed below, in terms of input requirements, calculations, and types of results.

B.1 Inputs . S o /

B.1.1 Parameters . ' e

Various input parameters are required for the decomposition model. These parameters can be
divided into: 1) waste characteristics, which the panel assessed; and 2) repository conditions,
which are predicted by performance assessment for the time of interest. These two categories
include the following input parameters. ' ‘

s initial waste characteristics:

— .The assessed amounts and particle size distributions for each of the six waste groups
prior to any degradation (corrosion, biodegradation, or dissolution) or aggregation
(cementation or encapsulation) processes, at a random areal location at the
appropriate scale and vertical location within the repository room for inadvertent
intrusion. The amounts of each waste group can be expressed directly, or in terms of
more detailed waste types and the group to which they belong. The particle size
distribution is expressed in terms of minimum and maximum values, and a two-piece
linear power law for the cumulative frequency of particle sizes. Currently, although
there is a place fo express the critical scale and variability/uncertainty ratio for each
material group from which the scale dependence of the properties can be determined,
only the large scale average properties are used. Alternatively, possible sets of waste
mixes, and their frequency and scale of occurrence, can be expressed in terms of the
percent (by volume) of each of the six material groups.

~  The general characteristics of the waste degradation byproducts and dissolved

constituents (including salt in brine), as well as the general effect of cementation on
 particle size. This includes the percent amount of degradation or dissolved products

(if any) from each material group that will precipitate out as free particulates (as

——opposed to cementation-agents) when there is large available waste porosity, and the
population distribution of the size of such free particles (in terms of a two-piece
linear power law for the cumulative frequency of particle sizes). This also includes
the effect of cementation on particle size, in terms of the amount of cementation
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(relative to the available porosity) required to totally aggregate all particles into a
single particle. '

s future repository conditions:

"~ The amount (in terms of both the percent of material remaining and the average
depth removed from every surface, which is equal to the change in radius of an
equivalent spherical particle) of each reduction process at the time and location of
intrusion, including: o o

o corrosion of iron- and aluminum-base metals, : . R
e biodegradation of celiulosics and solidified organics, : { et
» biodegradation of rubber and plastics, and : A \\ 4
s dissolution of MgO. , N

~  porosity of the waste available for cementation;

-~ precipitation of dissolved salt from the brine (due to corrosion and MgO
dissolution), either as free particulates or as cementing agents (in terms of the
percent of the initial waste); and _

— encapsulation of waste by creeping salt (in terms of the percent of the waste
volume). '

' B.1.2 PA Linkage
. The repository conditions, as listed above, are predicted by PA as a function of time. However,
at any time in the future, they are highly uncertain, but are correlated. PA quantifies these

uncertainties through Monte Carlo simulation. The decomposition model could be linked to the
PA codes so that the particle size distribution at the appropriate time of inadvertent intrusion
would be simulated during each realization. This could be done either by: dynamically linking
the spreadsheet to the PA code; by re-coding the spreadsheet as an add-on module to the PA
. code; or by developing a “response surface” (i.e.,-either an analytical approximation or
interpolation from lookup tables for the results as a function of the input parameters), which is
incorporated in the code. The uncertainty in the particle size distribution would then be
determined from the large number of realizations generated in such a way. It should be noted,
however, that development of an adequate response surface may be difficult, given the relatively

large number of input parameter and output parameters.

If it is not feasible to link the decomposition model directly to the PA codes (e.g., because PA
recalculation or PA code modification entail significant cost and/or time), then the results of the
PA can be expressed in terms of joint probability distributions for the various repository
conditions, or simply the set of simulated repository conditions for each realization. In either -
case, the repository conditions can then be randomly sampled during Monte Carlo simulation as
input to the decomposition model. This simply requires that a Monte Cario simulation tocl (e.g.,
@RISK, which is commercially available) be added onto the spreadsheet, which would be

relatively easy to accomplish.

In either case, the uncertainty in the particle size distribution at the time of inadvertentintrusion
would be determined as a function of the uncertainty in repository conditions at that time. This
uncertainty could be expressed as a probability distribution for specific population characteristics
(e.g., average or ten percentile values), or as a set of equally likely populations.
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It should be noted that the implementation of the decomposition model in PA is outside the scope
of this elicitation.

B.2 Calculations

B.2.1 Modeling Steps
The various input parameters are used to generate the resulis of interest, using the algorithms
presented in Section 4 of the report. Specifically, these include the following steps:

1. The initial waste characteristics (as assessed by the expert panel) are specified in sheet
“WP_size”: '

: *135:}4&{(435fk40,—L3§;L40randM35;Méﬂ,js_spectiV@!Y_)-‘_,, .

The initial large scale average amounts {Wjp, In percent by weight, although not
necessarily adding to 100%), density (¥;) and categories { (ilj, where j is one of the
following groups: 1) Fe- and Al-based metals, which are subject to corrosion; 2) non-
iron metalsfinorganics/vitrified/soils/cement/solid inorganics, which are relatively
inert to reduction processes; 3) salt fragments, which are relatively inert to reduction
processes; 4) cellulosics/solid organics, which are subject to biodegradation; 5)
rubber/plastics, which are subject to biodegradation; or 6) MgO backfill, which is
subject to dissolution) of each of the detailed materials j, including iron-base

metal/alloys, aluminum-base metal/alloys, other metal/alloys, other inorganic o
materials, vitrified cellulosics, rubber, plastics, solidified inorganic materials, ! f;’
solidified organic material, cement (solidified), soils, steel packaging, plastics \ '

packaging, lead packaging, steel plugs, MgO backfill, and salt fragments (in cells
B13:B30, D13:D:30, and E13:E30, respectively). The weight percentages, which for
the wastes and backfill add up to 100%, also include salt fragments from roof falls,
which then sums to greater than 100% (this is dealt with in step 3). Alternatively,
the relative amounts of each of the material groups (W) in percent by weight could
be input directly (in cells B35:B40 for large scale average and in cells C35:C40 for
the specified scale and vertical location of interest), skipping step 3 below. Although
the weight percentages are specifics, they are not currently used in determining
particle size. ‘

The initial amounts (W, in percent by volume) of e'ach material group at the scale
and location of interest is specified in cells H35:H40.

The initial average particle size distribution for each of the material groups
(CCF{v}y, in terms of the complementary cumulative frequency (CCF) or percent of
particles larger than a particular size). For each material group, this is expressed in
terms of minimum and maximum particle sizes (in cells F35:¥40 and G35:G40,
respectively) and in terms of a piece-wise power law CCDF, where
CCF{v}in =X Vif v vy

=X if v vy

<1.0

=00 ‘ _
X,i, Dii, Vai, Xz, and Dy are specified for each material group i (in cells 135:140,

CN
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« The maximum amount of dissolved constituents for each of the material groups p
which will precipitate out as free particles (rather than as cements) given large
available waste porosity (wWy/Wa), (in cells E47:E52).

e« The average size distribution for free particles which precipitate out for each of the
material groups p (CCF{v/,, in terms of the CCF or percent of particles larger than a
particular size). For each material group, this is expressed in terms of a piece-wise

power law CCDF, where | P
CCF{v}, =X p/v)mp if v> vy _ { Q;:\ '3
= (X V) P if v < Vo N
<1.0 \_//
> 0.0

Xip, Digs Vap, Xap, and Dy, are specified for each material group p (in cells 147:152,
147:152, K47:K52, LAT:L52, and M47:M52, respectively).

The initial amounts and particle size distributions of various wastes types at a random
location are actuaily uncertain and a function of the large scale average, the variability and
critical scale of the material (cells H13:130 for detailed materials or cells D35:E40 for
material groups), the specified scale and vertical location (cells F4 and F5, respectively,
referencing PAInput), although this is not currently implemented. As discussed in Section
B.1.1, a set of representative mixtures of these material groups (in terms of volume percent),
and the relative frequency and scale of each mixture could be specified.

2. The PA input parameters (as provided by PA codes) are specified in sheet “PAlnput”™:
« The characteristics of inadvertent intrusion at a random areal location, include
- the time of interest (¢, in years after closure) (cell B2);
—  the scale of interest (v, in cubic meters) (cell B3); and
—  the vertical location of interest (h, e.g., at the top of the waste room for
spallings or the entire room height for cavings) (cell B4).

Although the time, scale, and vertical location of interest are specified, ihey are not
“currently used as variables in the model to predict future repository conditions, only
as labels.

s The predicted repository conditions at a random areal location and at the specified
time, scale, and vertical location of interest (i.e., for inadvertent intrusion), include

—  the total amount ((w/wg);, in percent by volume of material remaining) and
average depth (Ars, in meters) of corrosion of Fe- and Al-based metais (in
cells B8 and C8, respectively);

—  the total amount ((w¢wo)s, in percent by volume of material remaining) and
average depth (Ary, in meters) of biodegradation of cellulosics/solid
organics (in cells B9 and C3, respectively); .

—  the total amount ((w/wp)s, in percent by volume of material remaining) and
average depth (4rs, in meters) of biodegradation of rubber/plastics (in cells
B10 and C10, respectively); ' o

—  the total amount ((w/wg)s, in percent by volume of material remaining) and
average depth (Ars, in meters) of dissolution of MgO backfill (in cells B11

and C11, respectively); .
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— the waste porosity available for cementation (n,, in percent of room volume

after closure which is void space) (in cell B14);

the amount of salt precipitated out due to brine consumption during
corrosion and MgO dissolution (Awy, in percent by weight of initial room
contents) (in cell B15); and

salt encapsulation due to continued creep (4vg, in percent of room volume
after closure which is intruded by salt (in cell B16)).

Ideally, the above parameters should consider the coupled processes of creep, brine
inflow, corrosion, dissolution, precipitation, biodegradation and gas generation
which occur with time (Figure 2-1). These parameters may be: variable and
uncertain for a random areal location; correlated among locations and with each
other; and a function of the specified time (f), scale (v) and location in the room (#).
Several of the parameters can be derived from others:

—  The amount of material remaining (w;) and the average depth (A7) of the

where

process at time ¢ are related by:

(Wio - Wik Wio = (Wiofio- Wil % Wio/Yio) '
where for spherical volumes . |\ !
wio (total initial volume) = [ (n/6) dio’ £{dio} d(dio) N

wy (total volume at time #) = ] (6) di* £{dy} d(di)
d;, (particle size at time £) = dio - 241,

If the change in density (and associated volumetric change) is ignored and
the average depth of process is independent of size, only the initial amount
of material and its initial particle size distribution (or for an approximate
solution, its average particle size) are needed to quantify this relationship.

Atotal mass = Atotal volume * density
= {initial tota] volume - total volume at time t} density
= X{Z, v f{v)o - Iy v* f{v*}} density
X = initial total volume/Z, v f{v},
v = r{(6v/m)'" - 2Ar)/6
fiv'h = f{v]o

The amount of salt precipitated out from brine during corrosion and
dissolution of MgO (Aws) is simply 16% (i.e., the salt saturation limit of the
brine) of the amount of brine consumed during those processes. It is
anticipated that the inverse relationship between corrosion and MgQO
dissolution, where the combined amount of corrosion and of MgO
dissolution are brine limited, will be defined by PA. Once the approximate
ratio of MgO dissolution to corrosion has been determined, PA results,
which only currently consider corrosion and ignore MgQO dissolution, can be
appropriately modified.
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e The amount of salt encapsulation can be determined approximately as the
difference in room closure between a room filled with waste (which has a -
finite stiffness) and an empty room. The change in mass for a material group
is related to the specified Ar as follows: :

3. The initial amounts of each of the detailed waste materials (Wj,) are normalized (to sum to
100%) and can be sampled differently from the large scale average for the specified scale
and vertical location of interest (in cells C13:C30), although this is not currently done. The
amounts of each of the detailed materials for the large scale average and for the specified
scale and vertical location of interest are then combined, based on their group number, to
determine the relative amount of each material group (in cells B35:B40 for large scale
average and in cells C35:C40 for the specified scale and vertical location of interest). Again,
however, these weight percentages are not subsequently used to develop particle size
distributions. _ ' N )
| AN
4. The piece-wise power law presented in step 1 is used to determine the CCF for specific \C/
particle sizes (each order of magnitde) for each material group (in cells O35:A140),
assuming an absolute minimum size of 1E-19 m? (CCF=1.0) and an absolute maximum size

of 1E+4 m® (CCF=0.0).

5. The CCFs for each particle size for each material group are combined for all material groups
to determine the CCF for specific particle sizes for the composite material (in cells
041:A1.41), based on:

CCF{V)O =%, Wi CCF{V}iu

where S
CCF{v}, is the initial CCF for particle size v for the composite material
w;o is the initial percent of the composite material comprised by material i
CCF{ v} is the initial CCF for particle size v for material '

The set of CCFs for various possible values of v is termed the CCF distribution (CCDF). The
CCDF from this step is the “initial” result (copied to cells B64:Y64. The "initial” CDF is
derived by subtracting each CCF from 1.0 (in cells B71:Y71) and is plotted in “Results”.
This represents the particle size distribution prior to any reduction, cementation or
encapsulation processes.

6. The CCDF for each material group is binned in terms of order of magnitude, with each bin
represented by its logarithmic mid-point (in cells BL34:CH34)
v* = 107 (logvi+logvy)/2} ‘

The relative frequency of each bin is then determined for each material group as the
difference in the CCFs at the end points of each bin for that group (in cells BL35:CH40)
f{\'*}iu = CCF{VL}jo - CCF(Vu}ig

The average or mean particle size for each material group is determined (in cells CI35:CI40)
m{v}io = I v* f{v*}io

7. Each of the particle sizes is reduced for each group (in cells P47:AK52), based on the
specified change (if any) in the radius of equivalent spherical particles for that group (due to
the specific reduction process involved and the time of interest), as follows:
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vi =7 (dio- 2*‘-‘h'il)zl 6
>0.0
where
v, is the reduced particle size (volume)
di is the initial particle diameter = (6 vio’n'.)m
Vo is the initial particle size (volume) (in cells P46:AK46)
Ar; is the change in particle radius (in cells D47:D52, copied from PAlnput}

8. The CCF of the specific particle sizes (i.e., each order of magnitude) considering the effects
of reduction processes {corrosion, biodegradation and dissolution) is determined as follows:

o Itis recognized that the cumulative frequency of the reduced particle size is the same
as that of its initial particle size (i.e., there are the same number of particles in each
bin, but the characteristic size for each bin has been reduced). The reduced sizes for
each material group (cells P47:AK52) and their associated CCFs (cells P35:AK40)
are copied to a separate spread sheet (cells B3:Y3 and B4:Y4, respectively, in
“Group1”, “Group2”, “Group3”, “Group4”, “Group5”, and “Groupf”, as
appropriate). _

e The largest reduced size (v.) Jess than each specific particle size (i.e., each order of
magnitude, cells B6:Y6 in each “Groupi”™) is identified for each material group (in
cells B7:Y7 in each “Groupi”). The smallest reduced size (vy) greater than the
specific particle size is by definition the next one larger than vi.

e The CCF for each specific particle size (cells B6:Y6 in each “Groupi”) is then
interpolated between the known particle size and CCF pairs (in cells B3:Y4 in each
“Groupi”), using a logarithmic linear algorithm (in cells B9:Y9 in each “Groupi”,
which is then copied back to cells AN47:BI52 in “WP_size™).

CCF{v*) =10*{logCCF{v, }-[logCCF (v }-logCCF{vy}]
*logv*-logvi)/[Jogvu-logvL] }

VL v¥ vu

| ] »log particle size v / A

CCF{ V]_}
CCF{v*}

CCF{vu}

v

log CCF

9. Similar to step 6, the CCDF for reduced particle sizes (CCF{v/in, cells AMA47:BI52) is
binned in terms of order of magnitude; the logarithmic average value is determined for each
bin (in cells BL46:CH46); the relative frequency of each bin (f{v}in) is determined by the
difference in CCFs at the end points of each bin (in cells BLA7:CH52); and the average
particle size (m{v};y) is determined for each material group (in cells Cl46:CIS2). . ...

10. The total amounts (w; and wp, in terms of percent of original volume) of each‘group that is
remaining {i.., not corroded, dissolved or biodegraded) and that is dissolved, respectively, is
determnined (in cells F47:F52 and AH59:AH61, respectively) from the original volume
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11.

amounts {wj, cells C35:C40) and the predicted remaining amounts (( wewg);, cells C47:C32)
for each group : . '

Wi = Wi (We/Wo)i
Wpar = Wip {1 - (W/Wo)il only for material groups 1 and 6

The amount of salt that is dissolved (Aws, in brine that will be consbmed during various .
processes) is in addition to, and specified (in cell B60, copied from “PAlInput™) /; o

independently from, the original amount of salt fragments. \ f;/
The amount (if any) (in terms of percent of original volume) of each group that goes into h
cement (Wp) is determined (i cells AI59:AJ61, copied to cells G47:(G52) as the sum of the

~ specified percent for large available porosity for each group, plus the increment for each

12,

13.

14.

15.

group that is proportional to the ratio of the total minimum amount of cement (from all
groups) to the specified total available porosity '
Wper= Wpat [1- (wp/Wadel + {Zp Wpat [1- (wp/Wa)pl} Wpar (wy/wa)p / Iy
< Wpdt
>0
where
(wg/wg)p is the maximum amount of dissolved material for group p which will
precipitate out as free particles if there is large available waste porosity (cells
E47:E52)
n, is waste porosity (cell B59, copied from “PAlInput”)

The amount (if any) (w,, in terms of percent of original volume) of each group which .
precipitates out as free particles is determined as the difference between the total amount
dissolved (wpq) and the amount that goes into cement (Wpe) (in cells AKS59:AK61, which are

copied to celis H47:H52)
Wp, = de[ - chl

Similar to step 4, the CCF of specific particle sizes (i.e., each order of magnitude, celis
AMS58:BI58) (CCF{v),) is determined (in cells AM59:BJ61) for free particles which
precipitate out for each material group that has dissolved constituents (Fe- and Al-based
metals, brine and MgQ), based on their specified piece-wise power law (cells [47:M52).

The percentage of the total amounts of particles related to the remaining material (wis) and to
the precipitated free particles of each group (wpe) is determined (in cells BK47:BK52 and
BK59:BK61, respectively)

wiee = Wit/ {Zi Wit + Zp Wt}

Woee = Wpe/ {Z Wie + Z, Wp}

The CCF of specific particle sizes (i.., each order of magnitude, cells AMS58:BJ58) is
determined for the combination of all remaining materials and precipitated free particles (in
cells AM63:BJ63), based on: '
CCF{V}m = L Wirr CCF{v}in+ Zp Wper CCF{Vin
where '
CCF{v}m is the CCF for particle size v for the composite material, aftér reduction
and precipitation of free particles '
wie is the percent of the composite material comprised by remaining material { .
CCF{v}ir is the CCF for particle size v for remaining material i
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16.

17.

18.

19.

20.

wi is the percent of the composite material comprised by precipitated free particles

of material p
- CCF{v}p is the CCF for particle size v for precipitated free particles of material p

This CCDF is the “reduction” result (copied to cells B65:Y65). The "reduction” CDF is
derived by subtracting each CCF from 1.0 (in cells B72:Y72), and is plotted in “Resuits.”
This represents the particle size distribution considering reduction processes, but not
considering any cementation or encapsulation processes.

Similar to step 6, the CCDF for reduced particle (and precipitated free particle) sizes of the
composite material (CCF{v},, cells AM63:BJ63) is binned in terms of order of magnitude;
the logarithmic average value is determined for each bin (in cells BL46:CH46); the relative
frequency (f{v]p) of each bin is determined by the difference in CCFs at the end points of
each bin (in cells BL63:CH63); and the average particle size (m{v}m) is detéermined (in cell
CI63).

The un-normalized relative frequency for aggregated particles (due to cementation) is
determined (in cells BL64:CH64) by multiplying the relative frequency of each bin by that
bin’s average value, i.e., the likelihood of each particle remaining uncemented is inversely
proportional to it size (e.g., a particle 10 times smaller than another is 10 times more likely to
be aggregated with other particles and not remain as a separate particle). The relative
frequency for aggregated particles is then normalized to sum to 1.0 (in cells BL65:CH65)
f{v}ct=Vf{V}rp!lEva{V}rpt _ ' .
The average aggregated particle size (m{v/c,) is determined (in cell CI65) in the same way as 7
in step 6. ' | ;

\ .

.
e "

The CCF of specific sizes (i.e., each order of magnitude) for aggregated particles is
determined by summing the normalized relative frequencies for all larger particles (from
cells BL65:CH6S5 in cells B66:Y66)

CCF{V]a = Zimranvesy f{v¥}a _
This CCDF is the “reduction+cementation” result. The “reduction + cementation” CDF is
derived by subtracting each CCF from 1.0 (in cells B73:Y73), and is plotted in “Results.”
This represents the particle size distribution considering reduction and cementation
processes, but not considering encapsulation processes.

The relative frequencies for specific sizes for aggregated particles (considering reduction and -
cementation) are uniformly reduced by the specified amount of salt encapsulation (from cell
B61, copied from “PAInput,” in cells BL66:CH66), with the amount of salt encapsulation
added to a specified large size bin (e.g., 10to 100 m®) (in cells BL67:CH67)

f{v}e= Avp [f{v])a + g{v]]

where :

g{v} = 0 for all v except for the specified large size bin

= 1 for v equal to the specified large size bin .

The average particle size (m{v},} is determined (in cell CI67) in the same way as in step 6.

Similar to step 18, the CCF of specific particle sizes (i.e., each order of magnitude, cells
B67:Y67), considering encapsulation as well as reduction and cementation (CCF{v}), is -
determined (in cells B67:Y67) by summing the relative frequencies (ffv},) for all larger
particles (from cells BL67:CH67). This CCDF s the
“reduction+cementation+encapsulation” result. The "reduction + cementation +
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encapsulation” CDF is derived by subtracting each CCEF from 1.0 (in cells B74:Y74), and is
plotted in “Results”. This represents the particle size distribution considering reduction, .
cementation and encapsulation processes.

B.2.2 List of Parameters 7
v - particle size (volumetric in m’) :
d - diameter (in m) of sphere of equivalent volume v
r - radius (in m) of sphere of equivalent volume v
W - amount (in % weight) of a material
w - amount (in voluimne) of a material
CCF{x} - complementary curnulative frequency (i.e., % exceeding) of value of x
fix] - relative frequency (in %) of value of x
m{x} - average value of x _ .
W) - initial amount (% by weight of room contents) comprised of detailed material type j
wyo - initial amount (% by volume of room contents) comprised of material group type i
ilj - material group i within which detailed material type j belongs (due to similar effects of
processes)
X, Dy Vo, Xoi, and Dy; - parameters for piece-wise power law CCDF describing CCF{v}:
X1 Dip Vap Xz, and Dy, - parameters for piece-wise power law CCDF describing CCF{v},-
{wa/wa), - percent of dissolved material group p which will precipitate out as free particles given
large available porosity
(w¢wo); - percent of material group i remaining after reduction process at time ¢
Ar, - average depth (= change in radius of spherical particle, in m) of reduction process at time !
n, - waste porosity at time ¢ '
Aws, - amount (% by volume of original room contents) of salt precipitated out due to brine
consumption :
Avg, - amount (% by volume of room contents after closure) of waste which is encapsulated by
intruding salt
dip - an initial equivalent particle diameter size for material group i
v - an initial particle size for material group i
vy - a particle size for material group i at time 1
w, - amount (% by volume of original room contents) comprised of raterial group typei
remaining at time !
Wy, - amount (% by volume of original room contents) comprised of material group type p
precipitated out as free particles at time ¢
w;,* - amount (% by volume of non-cemented particles) comprised of remaining material group
type i at time ¢
wy* - amount (% by volume of non-cemented particles) comprised of precipitated free particles
of material group type p at time ?
Woa - amount (% by volume of original room contents) comprised of material group type p which
is dissolved at time ¢
W - amount (% by volume of original room contents) comprised of material group type p which
is precipitated out as cement at time ¢
CCF{v}y - initial particle size distribution (frequency of exceedance) for material group i
CCF{v}, - particle size distribution (frequency of exceedance) for free particles which precipitate
out for material groupp :
CCF{v}p - initial particle size distribution (frequency of exceedance) for composite material
f{v}io - the initial relative frequency of v for material group i
m{v}io - the initial average value of v for material group
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CCF{v};, - particle size distribution (frequency of exceedance) for material group I at time ¢
considering reduction processes only -

f{v}in - the relative frequency of v for material group { at time ¢ considering reduction processes
only '

mfv}], - the average value of v for material group i at time t considering reduction processes only

CCF{v},; - particle size distribution (frequency of exceedance) for material group p at time ¢
considering precipitation of free particles only

CCF{v], - particle size distribution (frequency of exceedance) for composite material at time ¢
considering reduction processes and precipitation of free particles only

f{v) e - the relative frequency of v for composite material at time ¢ considering reduction
processes and precipitation of free particles only

m{v]p - the average value of v for composite material at time ¢ considering reduction processes
and precipitation of free particles only

CCF{v}, - particle size distribution (frequency of exceedance) for composite material at time ¢
considering reduction processes, precipitation of free particles, and cementation only

v} - the relative frequency of v for composite material at time ¢ considering reduction
processes, precipitation of free particles, and cementation only _

m{v}, - the average value of v for composite material at time ¢ considering reduction processes,
precipitation of free particles, and cementation only '

CCF v}, - particle size distribution (frequency of exceedance) for composite material at time ¢
considering reduction processes, precipitation of free particles, cementation, and
encapsulation

f{v}, - the relative frequency of v for composite material at time # considering reduction.
processes, precipitation of free particles, cementation, and encapsulation

m{v}; - the average value of v for composite material at time considering reduction processes,
precipitation of free particles, cementation, and encapsulation

B.3 Results

B.3.1 Format

The results of the decomposition model include the CCF and the cumulative frequency for

various particles sizes (expressed volumetrically in cubic meters), for the following cases:

e initial conditions (considering crushing due to room closure but not other reduction,
cementation, or encapsulation processes),

¢ considering reduction but not cementation, or encapsulation,

e considering reduction and cementation but not encapsulation, and

e considering reduction, cementation, and encapsulation.

These results are tabulated as well as graphed.

If the PA inputs are expressed probabilistically (e.g., either as correlated pdfs or as a set of
equally likely combinations of conditions), the results can be developed and expressed
probabilistically. For example, a set of realizations of population distributions can be generated,
or the uncertainty in specific characteristics (e.g., average or ten percentile values) of the
population distributions can be determined.

B.3.2 Discussion _
At the time of an intrusion (e.g., cavings or spallings), there wiil be a true population distribution
of particle sizes in the repository (i.e., a specific percentage of the particles will exceed 2
particular size). As discussed in Section 4 of the report, the results of the decomposition model
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express the expected population of particle sizes within the repository at the specified time of
inadvertent intrusion, based on the predicted repository conditions (from PA). Although there is
uncertainty in what this poputation will be for a particular set of repository conditions (e.g., due
to uncertainties in the initial waste characteristics and in the effects of repository conditions), this
uncertainty is considered to be relatively insignificant compared to the uncertainty in the
predicted future repository conditions. Hence, the uncertainty in the population of particle sizes
can be determined by Monte Carlo simulation, in which the set of repository conditions is
sampled and used to develop numerous realizations of the population distribution of particle

sizes. —

-. .‘/I" ) -
It should be emphasized that the population distribution represents the inherent variability in \ v v
particle sizes. For example, in evaluating inadvertent intrusion scenarios, it would be .

inappropriate to sample a single particle size from the population distribution, as if the entire
population was uniformly that size. Instead, the entire population {or critical characteristic such
as the mean or 10 percentile) should be sampled and used in evaluating the scenario. This could
produce very different results, depending on whether natural variability (i.e., the degree of
uniformity) in particle size or uncertainty in predictions of repository performance dominate.

It should also be noted that the population distributions at a particular time will vary among
locations, depending on the scale involved. As the scale increases, each location becomes a
representative sample of the repository, with a similar population distribution. However, at small
scale, there may be significant differences in population distributions. For example, at the scale
of individual waste containers (which might be appropriate for intrusion scenarios), the particle
size populations might be very different from location to location, reflecting primarily
differences in the original contents of the waste containers and to a lesser extent differences in
repository conditions at that scale. Ideally, this variability in populations (at the appropriate time
and scale of intrusion) would be considered when sampling for a random location of intrusion.
Although recognized and discussed qualitatively, this effect of scale on the variability of particle
size populations has not yet been incorporated in the decomposition model. Instead, the average
or large scale particle size population distribution is developed. The population distribution at
small scale will have smaller variability, and the average values for different locations will vary
over a wide range, reflecting different and more uniformly graded materials at different locations
at that scale, which become mixed at laiger scale. The additional effect of scale on the
uncertainty in particle size distribution could be incorporated relatively easily, considering the
small scale variability in both the initial waste mixtures and in the future repository conditions.
In order to do this, the decomposition model presented here would not need to change, except
that the mixture of material groups, as well as the future repository conditions would be sampled
considering their small scale variability (as well as the uncertainty in future repository
conditions), if quantified. However, the need for considering small scale variability and the
implementation of the decomposition model in PA is outside the scope of this elicitation.
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1 |WASTE PARTICLE SIZE DECOMPOSITION MODEL

2 lor DOE-CRO-CADICTACMWIFPE rinputs for random intrusion

3 [WIR-Golder, 544-2001-97.8111, file: WP_DIA4.xls Tima of Interest ‘ylars) 2000

4 130-May-87 ) Scale of intereat 1m3] 10

£ INOTE: Input cells in biue. - Vertical Location (“top” or mom") fop

£ |initial Wi% at random location is actually uncenain and function of large seale average, variabllity and . N
7 | critical scale of material (cells B12:029 or B34:E34), spauﬁed scale (celt F4) and location (cefl F5),

8 [althcugh this is nol currently implemented.

[ : : : ] ‘ :

10 IMATERIAL PROPERTIES {initial) | At random location’ i !Inttial Particle Size

11 iinitial Wt % | Initial Wt % [Density 1Composite v (nd) ) | Critical Variability/

12 |Materials iLarge Scals {Spec Scals |lgmicc) IMaterial Typa  iMinimum Maximum ‘Scale (m3)' ‘Uncertainty’

13 |iron-base metalialioys T ;

14 |aluminum-base metalisllays -

15 |other metalialioys '

16 [other inciganic malenisls :

47 Bvitrified

38 Joctulos

1% |rubber

2@ [plasti —_——

21 [solidified inorganic matefials Sz

22 |solidified organic material [
23 1 (solidified) : LSS

24 |scils :

25 |steal packaging e

26 |plastics packaging i .

27 |tead packaging i i

28 | stesl plug packaging : j

28 |MpO bacidil H

30 [salt !

31 totali 110,1%; 100.0%: . . :

32 \ i ] . Iinitlal Particle Size . iPowsr Law Distribution
EE] H Initial Wt % icritical " |variability/ i v (m3} . Initial Yo% [(X1iv}ADH for vavl, s{X
34 | material groups laverage  ilocation’  iscale (m3) Luncertainty’ \Minimam IMaximum llocation’ 1%1 101

3% |1. Fe&Al-base matals : 28.9%:: 28.9%1 0.00; i : " :

36 | 2. non-iron metalsfnorghitrifie! 22.4%1 22.1% 0.00§

37 |3. salt : 9.1%: 9.1%! 0.00!

38 [4. cellulosics/solid organics  © 4.0%! A.0%; 0.00:

39 |5. rubbed/piagtics 4.8%: A.8%| 0.00;

a0 |5, MgO backill - 31.3%" 31.3%:! 000 i ;

41 total : 100.0%: 100.0%:; P i 100.0% .

42 : ‘ - ! ; ! ‘

43 |EFFECT OF MATERIAL SPECIFIC PROCESSES : : : : ] 'Size of Precip Particula
4 ! H i ‘max% degrad ' |% total orig wt @ 1% tetal orig wt a !Power Law Distribution
45 : i products as___ % lolal orig wi|precipitatad | precipitated __ {{X1/v}*D1 for vav2, ={X
45 | Matarial groups ‘Process % remain  laradius (m)”  ifree pnruculah remaining  icements {fras particles X1 ‘D1

A7 |1, FedAl.base matal ‘comosion | 50% T.00E.05 B TR T 7% 0%

48 |2. nonviron metats/inonghvitrifiesinert : 100% i ' 24% | 0% 0%

49 (3. sall jinert ! 100% 12%. 10%: 0%

50 |4. cellulosics/solid organics  |biodegrad ¢ 50% T%i 0% 0%

51 | 5. nubber/plastics ibiodegrad  : 50% | 6% 0% 0%

52 |&. MgO backfil |dissolution 50% ! 13%: 13%:! 0% ;

53 — B0% 0% | 0% 98%

54 JNOTE: ¥ % remain, aradius, wasle porosity, salt precipitation and salt encapsutation are related and are spacified by PA as a function of time (cell FB}

55 |considering coupled processes of brine inflow, corrosien, dissolulion, biodegradation and gas ger I : :

56 |1 is assumed that degradation products in addition to poresity will precipitate oul as tree particles, slthough thity ans mgemar anyway. ;

57 |Alsc, parsmeters may be variable and uncartain for random location, comreigiled, and function of speuﬁed seale and mom location (eells F4 and F5). :

58 i : 1 : :

50 [Waste porosity” 20%! i T : ? i

80 |Sakt precipitation” 10% | | ; . : i

&1 |Salt encapyulation” i 10% : ; : i :

S2IRESULTS -CCOF : ___ Particl
63 |Condition . 1.00E-15] 1.00E-181 1.00E17" 1.00E-16' 1.00E-15¢ 1.00E-14: 1.00E-43] 1.00E-12! 1.00E-11
B4 [initial : 1.00E+00!  1.00E+00 B.92E-01: 8.81E-01; 6,76E-01! B.48E-01, B846E-01: G.45E-01  B.45E-01
55 |reducad 1 1.00E+00!  1,00E+0D B.41E-01! 8.25E-01} 5.22E-01] 4 82E-01] ATTEOL  4.76E-D1! 4.56E-01
56 |reduced+cemented " 1.00E+00{  1.00E+0D 1.00E+D0} 1.00E+00, 1. 00E+00; 1.00E+00] 1.00E+00)  1.00E+00! 1.00E+00
57 [reducmd+cementad+encapsul | 1.00E+00 1.00E+00! 1.Q0E+QD| 1.00E+00: 1.00E+00] 1.00E+00! 1.00E+00¢  1.00E+00! 1.00E+00
[ - . H : ; :

89 |RESULTS - COF Particle
70 |Condition N 1.00E-19! 1.00£-18! 1.00E-1T: 1.00E-16 1,00E-15! 1.00E-14: 4,00E-13, 1.00E-12: 1.00E-11
71 {iniial - 0.00E+00:  O.00E+00i 1.08E-014 1.18E-01: 3.24E-01 A.851E-01; 3.54E-0;  3.55E-01. Q.65E-01
72 {reducad . 1.11E-16] 1.11E-16 1.59E-01! 1.78E-01 #.78E-01 5.18E-Ot 523E-01; 5.24E-01: S5.44E-01
73 Jreduced+cemented - D.ODE+00!  ©.DDE+DD 8.44E-15; 1.88E-14: 1.83E-12 3.756-12 6.55E-12! 1.02E-11: 1.09E-09
74 |reduced+cemented+encapsul ' D.00E+00! 0_00_E_+_DD 7 H6E-156: 1.53E-14. 1.47€-12 33BE-12: 5.B0E-12 9.21E-12° 9.B1E-10

Pape 1



WP_size

K L M N 0 P e [ R | u v w 1 x | ¥

L ! : :

] I ! '
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B ! ! ! !

10 | H ! ! i ' ;

L1 . Mimmum Dismetar for each Material Type IMaximum Diameter for sach M
12 yd 1] 20 3 4} 5! & ; 1 2 3
13 | & % Y OINA NA NA NA JNA OINA TNA

14 i Py - O|NA NA. NA NA NA O[NA TNA

15 5, - NA O[NA NA NA NA NA, BiNA

16 e |NA i ofNA NA NA NA NA : OiNA

17 NA DINA NA NA NA NA. | O[NA

18 NA NA NA OINA NA NA NA NA,

19 NA NA NA NA OINA A NA NA

20 NA NA NA NA 0[NA NA NA NA

2z NA DINA NA NA NA, NA B|NA

7 NA NA NA BINA NA NA HA NA

3 NA o[NA RA NA NA NA O[NA

24 NA o[NA NA NA NA NA DINA

25 o[NA NA NA NA NA o[NA__~ NA

26 NA NA NA NA OINA NA NA NA

27 NA OiNA NA NA NA NA QlNA

28 OiNA NA NA N& NA OINA NA

29 NA NA NA, NA A 3 \NA NA NA

30 NA NA OINA INA NA NA NA ]
31 0 0 0] ] 0 0 0 0 [
32 b, 1-F{vim3)} ) [ i |

33 [2v) D2 hor wevd low bound complemeniary cumulai
a4 |v2 Jx2 D2 1.00E-15] 1.00E-18] 1.00E-17] 1.00E-18] 1.00E-15] 1.00E-14] 1.00E-13[ 1.00E-12[ 1.60E-11) 1.00£-10] 1.00E-05
35 : ; T TOE o0 T 00CT00] 1.00E+00] 1.00E+00] 1.00E+00] 1.00E+00) 1.00E+00| 1.00E+00] 1.00E+00| 1.00E+00) 1.00E+00
36 1 00E-00] 1 GOEF00| 1.00E+00] 1,008+00] 1.326-01| 1,74E-02| 2.29E-03| 3.02E-04| 3.98E-05| S.25E-06| B.92E-07
a7 T BoE-001 1 COE-B0] 1.00E-01[ 1.00E-02 1.00E-06] 1.00E-04] 1.00E-05! 1.OOE-0B| 1.00E-07| 1.00E-08[ 1.00E-09)
26 T O0E+00| 1 HOE+00] 1.00E+00] 1.00E+00] 1.00E+00( 1.00E+00| 1.00E+00| 1.00E+00] 1.00E+00) 8.81E-02| 7.94E-03
3% T OOE+00| 1 DUE+00| 1.006+00] 1.00E+00} 1.00E+00] 1.00E+00| 1.00E+00[ 1.00E+00{ 1.00E+00] 1.00E+00; 1.00E+00
a0 ; 1 O0E 00 3 DOE+D0|1.00E+00] 1.00E+00] 1.00E+00] 1.00E+00[ 1.00E+00[ 1.00E+60( 1.00E+00| 1.00E+00]| 1.00E+00
a1 composiia] 1.00E+00] 1.00E+00] B.92E-01| BAIE-01| 6.76E-01] 6.45E-01] 648E-01] 845E-01) 6.45E-01 5.25E6-07] 5.14E-01
a2

43 Jes

44 h, 1-F(vim3)} i

45 Ezlv}*oz for vevd low bouing reduced particle size (v in m3), reiative to original size, dud
46 [v2 x2 D2 1.00E-18] 1.0DE18] 1.00E-17] 1.00E-16] 1.00E-15] 1,00E-14] 1.00E-13| 1.00E-12| 1.00€-11| 1.00E-10| 1.00E-09
a7 Lo o TOOETO0T 0.00E+00] O.00E+00] O.00E+00;_1.60E-16| 2.78E-14{ 5.90E-13| 7.02E-12| B.99E.11) 5.52E-10
a8 S TOET8| 1.00E-17| 1,00E-16] LOOE-15] 1,00E-14| 1.00E-13] 1.00E-12| 1,008-11] 1.00E-10, 1.00E-09
495 1.00E-18]  1.00E-17| 1.00E-16| 1.00E-15 1.00E-14[ 1.00E-13] 1.00E-12] 1.00E-11 1.00E-10; 1.00E-09
50 0.00E+00] 0.00E+00] 0.00E+00] D.O0E+00] 1,60E-16 2.78E-14] 5.906-13| 7.92E-12| 8.99E-11] 9.52E-10
51 §.00E+00| 0.00E +00] 0.00E+00] 0.00E+00| 1,60E-16] 2.76E-14] 5.90E-13] 7.92E-12| 8.89E-11] 9.52€-10
52 S O0E<00| O.00E+00| 0.00E+U0| 0.00E+00| 1.60E-16] 2.78E-14| 5.80E-13| 7.92E-12| 8.99E-11] 9.52E-10
53

54

55

5¢

s‘l‘

58

59

§0

61

B2 § size (v In m3), sversge in repozitory - -

a1 1.00E-10] 1.00E-09] 1.00E-0B] 1.00E-07] 1.00E-08] 1.00E-05] 1.00E-04] 1.00E-03 1.00E-02| 1.00E-01 1.00E+00] 1.00E+011 1.00E+02] 1.00E+03] 1.00E+04
64| 525E-01) 5.14E-01| 2.57E-01| 2.S5E-D1 2.54E-0 ] 1.05E-01 5.?_5E_-O2 4 85E-03] 3.63E-04) 2.84E-05 236E-06] 2.13E-07| 2.11E-08 2.28E-09] 0.00E+00
&5 | 388E-01] 1.93E-01] 1.85E-01] 1.88E-01| 1.87E-01| 7.77E-02 4.57E-02| 3.58E-03] 2.69E-04| 2.09E-03 1 74E-06] 1.57E-07] 1.56E-08] 1.68E-08( 0.00E+00]
55 [ 1.00E.00| 1.00E+00] 1.00E+D0] 1.00E+00| 1.00E+00] 9.94E-01| O.79E-01] 7.34E-01 5.57E-01, 4.26E-01 3.73E-01] 2.99E-01] 1.64E-01] B.99E-02[ 1.53E-16
71 T 0OE+00] 1.00E+00] 1.00E+00| 1.00E+00[ 1.00E+00] 6.95E-01] 9.81E-01] 7.60E-01) 6.02E-01] 4.83E-01] 351EM 315E-01] 1.47E-01] 6.09E-C2] -2.81E-16
68
| 69 | size {v in m3), avarage in repository N

757 7.00E-10] 1.00E-09] 1.00E-G8| 1,00E-07] 1.00E-08] 1.00E-05] 1.00E-DA] 1.00E-03] 1.00E-02 TH0E-01] 1.00E+00] 1.00E+01] 1.00E+02] 1.00E+03] 1.00E+04
=TT 3 75E 01| 4.866-01] 7.43E-01| 7.45E-01] 7ABE-01| B.95E01] 9.33E-D1] 9,95£-01] 1.00E+00] 1.00E+001 1.00E+00 1.00E+00] 1.00E+00] 1.00E+00] 1.00E+00]
1 514501 BOTED1| B.11E-01] B.12E-01] 6.136-01] 5.226-01] 9.50E-01] 9.96E-01( 1.00E+00! 1.00E+00/ 1.00E+00 1.00E+00] 1,00E+00| 1.00E+Q0| 1.00E+00
7315 8V6-08| 1.07E-08] 1.24E-06| %.82E06| 9.81E-08| 5.826-03 2.07E-D2| 2.665-01] 4.43E-01] 5.74E-01| 6.77E-01 7.61E-01| B.96E-01} DA0E-G1] 1.00E+00
a| 5.43E08] D.63E07| 1.19E-06] 1.64E-DB| B.B3E-06| 5.24E-03| 186E-08| 2.40E-01] 3.68E-01] 5.17E-01 6.00E-03 6.85E-01] 8.59E-011 9.19E-01 1.00E+00
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Z | Ah | AB_{ ac | aD | AE [ aF | AG | aH [ A | A ] &K [ AL | AM ] AN
4 : ; ' : : H . :
2 : ;
3 ; i !
4 { i | i
[] ' i : : '
3 : i i ‘
7 i ; !
] : i !
8 : = ! .
10 i i : 5 E ; i
11 | rial Type i 1 Critical Scals for Each Material Type 4 Variability for Each Materla
12 4 5! 6 ‘ 1i 21 3} 4! 5! 6 1 2 3 4
13 [NA INA INA ; | 0{NA |N& INA |NA 1NA, O1HA iNA INA
14 [NA NA |NA : ! 0[NA INA |NA NA INA i OINA INA INA
18 [NA {NA INA i NA H 0INA INA INA NA INA i UINA INA
16 |NA NA NA : NA i 01MA NA INA NA A OINA INA,
17 {NA INA NA NA : QINA NA TNA NA NA O]NA INA
13 DINA NA |NA TNA NA i 0|NA NA NA NA NA : [
19 [NA : OiNA 1MA INA INA INA ; 0/NA NA NA NA, INA
20 [NA i 0iNA NA NA TNA, INA OINA NA {NA INA INA
21 |NA (NA INA NA OINA NA NA |NA i 1HA ‘ OINA INA
221( 0INA NA NA NA TNA O'NA [NA 1 NA INA NA T 0
23 [NA iNA NA HA 0NA NA NA NA NA i 0INA INA
T INA |NA | NA O NA NA NA NA NA | O|NA INA
25 |NA INA INA ; O{NA NA NA NA NA OINA MNA INA
26 [NA i DINA | INA INA iNA NA ' o{NA NA INA~__ - _INA NA
27 [NA INA NA ! |NA . 0OINA NA |NA INA NA t O1NA NA
28 |nA INA NA ! i 0INA INA, NA INA {NA i QINA NA INA
29 |NA INA . : o INA INA INA NA [na ] a A A T NA
30 |NA INA [NA [NA INA : 0INA INA TNA ; INA INA 1 TINA
3 [ (] 0| i [ 0: Qi []] 0 0| ! [] 0 0 []
32 I i | ! ' T : ] i |
33 | iva frequency of initial particls size{v in m3 hi pound
34| 1.00E-08] 1.00E-D7] 1.00E-06| 1.00E-08{ 1.00E-04] 1.00E-03! 1.00E-02] 1.00E-01) 1.00E+00] 1.00E+01] 1.00E+02{ 1.00E+03| 1.00E+04
35 SO0ED1 BEUED1| O.J1E-01] 1.326-01, 1.74E-02] 220E-03 3.02E-04| 3.86E-05| 5256-00 6.02E-07| 9.12E-0B] 120E-08 0
36| 0.12E-08] 1.206-08| 1.58E-09] 2.096-10] 275E-11] 363E-12] 4.79E-13| 6.31E14 8.33E-15| 1.11E-15] 1.11E-16] 0.00E+0D 0
371 1005107 1.008-11] 1.00E-12] 1O0E-13] 9.99E-15] 8.09E-16/ 1.11E-16] D.ODE+00( 0.00E+00 0.00E+00] 0.00E+00| 0.00E+D0 0
38| 70BED4| 631E-05| 5.82E-06] S.0IE-07| 44TE-0B] 3.98€-09] 355610 216E-11 ZB2E12, 2.51E-13] 2.24E-14] 2.00E-15 0
351 3§ DOES0D] 1.00E+001 1.00E+00] 7.52E-01| S65E-011 383E-02| 2.70E-03] 1.97E-04 1.40E-05) 9.88E-07| 7.00E-08] 4.95E-08 1
1515 DOE+00] 0.006+00| 0.00E+00| 0.00E+00] 0,00E+00] 0.00E+00] 0.00E+00) D.0OE+00| 0.00E+00 0.00E+00| 0.00E+00| 0.00E+00 [
21| 257601 2.85E-01] Z.54E-01| 1.05E-01| 6.75E-02] 4.85E-03| 1.63E-04) 2.84E-05 23EE-06! 2.13E-07| 2.11E-08! 2.29E-09
42 : i ! )
43 ‘ | i T T
4 : i I { ! ! ! : !
45 [tor rial specific p sHect on radius hi bound  |low bound
46| 1.00E08) 1.00E-071 1.00E-06! 1.00E0S] 1.00E-0A| 1.00E-03] 1 00E-02! 1.00E0%| 1.00E+00] 1.00E+01] 1.00E+02| 1.60E+03| 1.00E+04] 1.00E-18 1.00E-18]
7 | S70E00| 0.00E-0B] 9.95E-07| ©.90E-06] S.90E-05] 100E-03; 1.00E-02i 1.00E-01) 1.00E+00 1.00E+01| 1.00E+02| 1.00E+03 1.00E+00] 1.00E+00
<0 | 1.00E-08| 1.00E-07| 1.00E-0B| 1.00E-05| 1.00E 04| 1.00E-03] 1.00E-02] 1.00E-01| 1.00E+00 1.00E+01 | 1.00E+02| 1.00E+03 1.00E+0D| 1.00E+00
o 7 00EDB| 1.00E-GT| 1.006-06] 1.00E05] 1.00E-04] 1.00E-03] 1.00E-02] 1.00€-01] 1.00E+00 1.00E+011 1.00E+02( 1.00E+03 1.00E+00| 1.00E+00
50| B.78E-09| 9.90E-0D8| 9.95E-07| 9.BE-06| 9.09E-05| 1.00E-03| 1.00E-U2| 1.00E-0 1.00E+00] 1.00E+01] 1.00E+02] 1.00E+03 1.00E+D0| 1.00E+00
511 o 78E00] 9.00F-08| 9.55E-07] D.98E-06| 9.99E-05] 10CE-03| 100E-02| 1.00E-H| 1.00E+00 1.00E+01| 1.00E+02| 1.00E+03 1,00E+DG] 1.00E+00
52| D76E09] 9.906-08] U.O5E-07| 9.BBE-08| D.09E-05] 1.008-03] 1.00E-02| 1.00E-01 1.00E+00] 1.00E+01| 1.00E+02| 1.00E+03 1.00E€+00] 1.00E+00
53 : : . !
54 ] ; ] j | f
£5 ' : ! ; ! ! :
56 : ‘s [ E 5 ' | : '
57 ! i i i | min | ] iow bound
58 ; Material groups % degrad |%cemsnt |%cement [%free part! 1.00E-19| 1.00E-18
59 7 N | 1. FeAal-basa metals 7% 5% 7% 0% 1.00E-+00| 1.00E+00
&0 i kN ' | 3.san 10% 9% 10% 0% 1.00E+00| 1.00E+00
&1 | L\ b i 6. MgQ backfill 13% 10%]  13% 0% 1.00E+00| 1.00E+00
52 ! i . Pl i 30% 24% 30% 0%
&3 | — | composite | 1.00E+00| 1.00E+00{ -
64 1
&5 I
65 i ; 1
&7 | i ! i
[T B - ; J ' J ;
(1] | : ! : i ? § i
70 i : 1 t 1 ; . !
74 . ! H | ] | | ! { l
72 : ; ! i 1 T
73 i j ! ! !
T4 T 1 ! T T 1

Pege &



e ] AP ] Am ] AR | As | AT | au ] Aav | Aaw T Ax | AY | Az [ BA ] 88 | BC
1 I : f i ! : i ‘ ! :
Z i i f : i i i
3 ! . H N :
rs i : ; : :
5 | ; ; : j :
6 i : i : ! ! ;
7 | { : . i :
[} i ! : i ; ; i
] 1 j i i . H |
10 ' ‘ i : ; : : .
1] Typa : : i B ! i ; :
12 B 5 1 i A : ! : : i
13 {NA |NA . \ ‘ : 7 R L ; : "
14 [NA. INA 1 i : i v %e : i :
15 {NA INA : i i i T N7 . ; ! ,
18 |NA iNA i i i : ; T ; : ;
17 |NA INA : ! ; i ! : | !
18 |NA INA ] i i i i * i i i
16 QINA i ! 1 i 1 i , ! ‘
20 O|NA l ; ' ' i ; :
21 |NA NA ! - ; : ] i
22 NA |NA ! ' : ! i ! ]
23 NA {NA i i { ! :
24 |MA NA i ‘ : i i :
25 [NA NA : ‘ :
28 O NA H i ¢
27 |NA NA i 1 ! | i
28 [NA |NA ! i | : ! i : :
29 {NA ; [y ; ; i ! i i j
30 |NA INA | ! ; i
1 0! 0 ; ; 1 \
a2 ! ! i : : !
33 i ] ! !
M | : !
) ! |
38 H
ar ! i !
L] !
39 ! !
40 ! !
41 ; |
42 1 1
43 ! ; | ] ! ‘:ﬁ
[ i j i | ' : { [
A5 CCDF for reduced particie size (v in m3) dus 10 material specific processes wiiact on radius
28 | 1.0DE-17| 1.00E-16] 1.00E-15! 1.00E-14! 1.00E-13] 1.00E-12] 1.00E-11] 1.00E-10; 1.00E-08 1.00E-08] 1.0CE-07| 1.00E-08) 1.00E-05] 1.00E-04] 1.00E-03
a7 | 1.00E+00] 1,00E+00] 1.00E+00] 1.0DE+00} 1.00E+00| 1.00E+QQ| 1.00E+00] 1.00E+00! 1.00E+00i 8.80E-01) 9.80E-01 B.67E-01]. 1.526-01! 1.74E-02| 2.20E-03
25| 1 COE+00| 1.00E+00] 1.926-01] 1.74E.0Z) 2.20E-03] 3.07E-04] 3.G9E-05] 5.25€-08| 6.926-07] 9.12E-08] 1.20E-08] 1.58E-09| 2.06E-10] 2.76E-11] 3.E63E-12
25| 100501 1.00E02| 1.00E03] 1.00E-04] 1.00E-05| 1.00E-08] 1.00E-07) 1.00E-08] 1.00E.09] 1.00E-10[ 100E-11] 1.00E-12] 100E-13| B.89E15] 9.99E-16
=0 1.00E+00] 1.00E+00) 1.00E+00] 1.00E+00] 1.00E+001 1.00E+00! 7.93E-01] 8.00E-02] 7.556-03| B.91E-04] G24E-05| 5.50E-08| 5.00E-07] 4.46E-08 A.BAE-09
511 1 .00E+00| 1.00E+00] 1.00E+00] 1.00E+00] 1.00E+00] 1 00E+00] 1,00E+00] 1,00E+00) 1.00E+00| 1.00E+00] 1.00E+00| 9.86E-01! 7.51E-01! 5.84E-011 3.83E-02
33| 1.00E+00] 1.00€+00] 1.00E+00] 1.00E+00| 1.00E+00| 1,00E+00] 1.00E+00! 1.00E+00| 8.46E-03] 0.00E+00! 0.00E+00| 0.0E+00| 0.008+00 0.00E+00’ 0.00E+00
53 B i t
54 | : i
55 | | !
56 ! ; f i !
24 CCDF for precipitated frea parth {v m m3}
8| 1.00E-17) 1.00E-16 1.00E-15 1.00E-14] 1.00E-13] 1.00E-12] 1.006-11] 1.00E-10} 1.00E-03] 1.00E-08( 1.00E-07! 1.00E-06] 1.06E-087 1.00E-04/ 1.00E-03
59| 1.00E+00] 0.00E+00! D.0CE+00] 0.00E+00| 0.00E+00] U.00E+00] 0.00E+00] 0.00E+00! 0.00E+00| 3.00E+00| 0.00E+00| 0.00E+00| 0.00E+00! D.OOE+00 0.00E+00
55 | 1.00E+00] 0.00E+00) 0.00E+00| 0.00E+00] D.0DE+D0| 0.00E+00) 0.00E+00| 0.00E+D0| 0.00E+00| 0.00E+00| 0.0GE+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00£+00
1] 1.00E+00] 0.00E+00] 0.00E+00| D.0OE+00] 0.00E+00] 0,00E+00] 0.00E+00! 0.00E+00] 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00 0.00E+00
62 ‘ : : !
83| B41E-01] B5E-011 5.22E-01] 482E-01) A.77E-01] 4.76E-D1| 4 56E-01] 3.86E-01) 1.93E-01) 183801 1.88E-01] 107E-01| 7.Y7E-02| 487E-02) 3.5BE-02
64 : i
65 | \ ! i ! !
86 ; ] : ; i ! :
&7 ’ : ; : ; ; i
€8 : : i ! ; : :
(3] i ! | i 1 i i ‘
7o ‘ j i ] ; ' 3 ‘ i
71 : 7 ! : ] | ‘
72 : 1 ‘; ; ! :
73 f i ; ; : i
74 H ! i |
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WP _size

BD | BE

BF_ |

BH |

BK |

BM | BN_|

BO |

B3R

BLL

IR A B BT R Lt fed

. ]

3.16E-191

3.48E-18] 3.16E-17

318E-18] L18E18] 3.IGE-14| 3.16EA3

| 0.00E+001

0.00E+00; 0.00E+00

0.00E+00

0.00E+00

0.00E+10} 0.00E+00

| D.OOE+Q0

0.00E+00| 0.00E+00

B.6BE-01

1.14E-01

1.51E-021 1.98E-03

| 0.00E+0D

9.00E-01] 9.00E-02

9.00E-03

0.00E-04

9.00E-05! 9.00E-06

0.00E+00

0.00E+00| 0.00E+00

0.00E+00

0.00E+00

0.00E+D0| 0.00E+00

0.00E+00

0.00E+00| 0.00E+00

0.00E+00

0.0DE+00

0.00E+00| 0.00E+00

0.00E+00

0.00E+00

0.00E+00| 0.00E+00

0.00E+00| 0.0DE+00

0.00E+00

1

§
z

H 1

Ihi bound

]
1.00E02] 1.00E-01] 1.00E+00|

1.00E+01

1.00E+02

1.00E+03

3.16E-19

{

316E-18] 2.16E1T

3.02E-04| 3.BBE-05] 5.25E-06

6.82E-07

9.12E-08

1.20E-08

0.00E+00

e
0.00E+(0| 0.00E+00

3.96E-18] 3.16E-16

0.00E+00

316E-14/ 3A8E13

0.00E+00

0.00E+00| 0.00E+00

470E-13] 6.31E-14| B.33E-15

1.11E-15

1.11E-16

D.ODE+00

0.00E+00

0,00E+00| -3.556-15

8.68E-01

1.14E-01

1.51E-02| 1.90E-03

1.11E-16{ 0.00E+00| 0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

9.00E-01| B.00E-02

9.00E-13

9.00E-04

9.00E-05| 9.00E-06]

3.55E-101 3.16E-11| 2.B2E-12

2.51E-13

2.24E-14

2.00E-15

0.00E+00

0.00E+00; 0.00E+00

0.0DEHOD

D.O0E+DD

DO0E+DD| 0.00E+CD

278E-03( 1.97E-04] 1.40E.05

9.88E-07

7.00E-08

4.95E-09' 0.00E+00

0.00E+00

0.00E+00| 0.00E+00

0.00E+00

0.00E+00

0.00E+00| 0.00E+D0

0.00E+DO] 0.00E+00! 0.00E+00

0.00E+0D

0.00E+00

0.00E+00

0.00E+00{ 0.00E+00

0.00E+00

0.00E+D0

0.00E+00| .0.00E+D0

Q,00E+00| 0.0DE+00

1

1

!

|hi bound

v

1,00E-021 1.00E-01| 1.00E+00|

1.00E+D1

1.00E+021

1.00E+031 1.00E+04 %

0.00E+00| 0.00E+00| 0.00E+D0

0.00E+00

0.00E+00

0.00E+00 0

I
i
]
]

0.00E+00| 0.00E+DQ| 0.00E+00

0.005+00

0.00E+10

0.00E+00 0

0,00E+00| 0.00E+00| 0.00E+D0

0.00E+00

0.00E+00

0.00E+00 Q

2.68E-04] ZOOE-05| 1.74E-08

157E-07

1.56E-08

1.69E-08

1.68E-01| 1.59E-02

A.03E-01

3.59E-D2

5.25E-03

6.ME-04

H

W Iggrugalad'

5.04E-19| 5.04E-19

B8.57E-17

1.26E-16

1.68E-16| 219€-16}

normalized aggrepatad

BASE-15] BAUE-15

1.61E-12

2.12E-12

2.80E-12| 3.68E-12

] raw encap

Fort o b

7.64E-15] 7.64E-15

1.45€-12

191E-12

2.526-12] 3MMEA2

7.64E-15( 7.64E-16

1.45E-12

1.9E-12

2.52E-12) 3ME12

normalized encapsylated
T T

t
.
!
T
T

i

!
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WF_slre

BS BT BU Bv | ©ow ] ©x | er ] B | Cch | ©8 | & ]| oo | CE | ¢ | co
1 i f i E 3 : :
F \ : : :
3 i ' i
] : i i
3 : ! ; ; . !
5 ! : T : ! :
7 : i i i .
[ ] ' : i E i
3 L : ; i ! [ e ts
10 | i ; i RSN : .
11 : ' : i i ; Nty : :
12 ! : ; { ! ; : | | :
13 i i i ! i i R ‘ : :
14 . i ' i : . . :
[ | i i : : ! ;
18 i i i 1 :
17 [ : i i .
18 i i ; i - ‘
19 ‘ ; : i i
20 ! : ! ; :
1 : : | : T
22 I ; : ; i
23 i ; j ; : | : : i
24 ' t i i K ! : H H ' i
25 ; H . i H ! ' H :
285 ! : T : T ; T 7 :
Fid ' 1 : ; 1 =
22 : | : : i
29 i : — .
30 i i ; | i
31 ! i i : ! : ! I :
32 ] ! ! ] ! ] i !
13 frequancy of particle sizes {v in m3)
34| 396E12] 3A6E-11] 3.16E-10] 3.1BE-08] 3.9BE-08] 3.16E-07; 3.16E-05| 3.16E-05! 0.0003181 0.003162| £.031623 0.3162208] 3.162278] A1..227a! 3182278
=5 C.00E+00, O 00E+D0! 0.00E+00] 0.856-03] O.78E-03! O6BE-U3] B.39E-01: 1.14E-01| 1.51E-021 1.89€-03] 2.62E-04| 3.46E-05i #56E-06 BOVEO7| 7.02E-08
36| 262504 3.46E-05| 4.56C-06] B.01E-07| 7.02E-08] 1.04E-0B| 1.38E-09] 1.01E-10] 2.39E-11; 3.15E-12| 4.16E-13| S.47E.14] 722615 0.96E-16 1.11E-18
571 2 00E07 5.00E-08] B.00E-09! D.00E-10] 9.00E-11] 9.006-12( D.0DE-13] SODE-14] 8.8GE15] BABE-16] 1.11E.16] COOE+00| 0.00E+001 0.00E+00 0.00E+00
38| O.00E+00, 9.116-01; B.12E-021 7.J4E-03| GASE-U4| 5.75605] 5,12E-06! 4.57E07| 407E-06| 3.63E-09| 3.23F-10 28BE-11| 2.57€-12) 2.298-13 2.04E-14
35| 0.00E+00| 0.0GE+00! 0.00E+00! 0.00E+00| D.00E+00( 0.00E+0Q| 2.48E-01] 1.676-011 5.26E-D11 3.66E-02| 2.59E-03 1B3IE-04 1,30E-05] 9.18E-07| &.S0E-08
51 6.00E+001 0.D0E+00 O.00E+00] 1.00E+00] 0.00E+00| 0.0DE+001 0,005+00} 0.00E+00| 0.00E+001 0.0DE+00] 0.00E+00| C.00E+00! 0.00E+00] 0.00E+00 0.00E +00!
1] : i E R ¢ i : !
42 ; : 1 !
43 : : i ]
& : i | : !
45 frequency of rduced particls sizes (v in m3)
25| 3.98E-12] JABE-11] 2.16E-10] 3.18E-09] 316E-0B| 3.16E-07] 348E08] 3.16E-05] D.000316] 0.0C3162| 0.0316231 DItE22A| 3.162272| 3162278 3162270
47 | O.005+00] G.O0E+00] Z07E-04] S.74E-03] G.70E-03] 137E-02] B.356-01) 1.14E-01! 151E-02| 1.88E-03] 262E-04] I46E-05 %.56E-06| 6.01E-07| 7.92E-08
46| 2.62604| 3.46E-05] 4.56E08| B.01E-07| 7.07E-08] 1.04E-08| 1.38E-09] 1.B1E-10] 239E-11] 315E-12| 4.16E-13] 5ATE-14| 7.22E-15| 9.00E-18 1.11E-18|
251 0.00E-07 S.00E-08] 9.00E-09] B.0GE-10] 9.00E-11] 9.00E-12] ©.00E-13] 9.00E-14| B.99E-15] 6.86E-16] 1.11E-16] .00E+OD; 0.00E+00| 0.00€+00 0.00E+00
w01 S07ED1] 7.135-01] 7.24E-0Z] 6.B8E-03| 6.25€-04] 5.B8E-05| 5.0DE-06) 455607 4.DGE-0B| 3.82E-08] 3.23£.10! 288E-11) 2.57E-12] 2.29E-13 2.04E-14
=11 0.00E+00. 0.00E+0D] 0.00E+00| G.00E+00] 0.00E+00| 5.006-04] 2.48E-011 1.87ED1] 5756-01i 3.65E-02| 2.50E-03( 1.83E-04; 1.30E-051 6.18E-07 6.50E-08
531 0.00E+06| G.00E+00| 9.52E-01| B.4GE-U3| 0.00E+D0| 0.00E+00] O.00E+00 0.00E+0D| G.00E+00] G.0E+00! 0.00E+0D0| 0.00E+00| 0.00E+00| D.00E+00| 0.00E+00
53 : : I |
54 . ! i i ! i
55 1 v ' 1 ] ¥
86 ! i
57 i
58 ; i ; |
59 i ‘
60 i
61 i
62 :
31 205602 E95E0Z| 1.04E-01| 3.296-03| 1.09E03| 1.50E-03 1.09E07] 2.79E-02] 4.61E-02| 3.31E-03] 24TE-0M| 192E-05| 1.58E-06] 1.41E-07) 1.39E-08
T4] GA1E-14| Z20E-12| B.12E-11] 104E-11] 3.436-11] 4.74E-10| 345EU7| B.83E-07| 146E-05| 1.05E-05| 7.82E-08| 6.07E-08| 5.00E-06 4 ATE-U6| 4.30E-06
SET 1 0BC00( 3 70E-08| 1.03E-D8| 1.756.07| 5.78E-07| 7.00E-06| 5.81E-03] 140E-0Z) 248E-01] 176E-01| 1.32E-01] 1.02E-01] BAZE-D2| 7.53E-02 7.39E-02
S5 | ©.72E-10] 3.33E-08| 9.2BE-07] 1.S8E-07] 5.20E-07| 7.196-06] 523E-03| 1.34E.02] 221E-01| 1.59E-01] 1.18E-01] 9.20E-02| 7.58E-02| 6.77€-02 6.65E-02
=71 9.72E-10] 333E.08| 9.26E-07) 1.58E-07| 5.20E-07| 7.19E-06] 5.23E-03| 1.04E-021 2 21E-01| 1.59E-01( 1.19E-01] 9.20E-02) 7.58E-021 1.68E-01 5.85E-02
[1] 1 i !
[0 i 5 ;
70 : ;
Ti i : |
12 — - ] 1 ! ;
T3 | i ! : | i
T4 ! i T 1
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CH

Cl

| cJ

30n-m|u-l~un-

3162.276: Ty v

1.20E-08

0.000133

0.00E+00

1.6E-13

0.00E+00

49617

2.00E-15

2.18E-10

4.85E-09

0.000535

0.00E+00

3.18E-09

MMBZITH Ty Py

1.20E-08

1.33E-04

Tyl
" 1.00E+00)

0.00E+00

1.60E-13

: 1.00E+00

U.00E+00!

4.90E-17

- 1.00E+00

2.00E-15:

2.08E-10

* 1.00E+D0

4.95E-08.

5.34E-04

1.00E+00

0.00E+00-

J40E-10

1.00E+00

1.69E-09- 5.B4E-05. 1.00E+D0

5.34E-06- 1.84E-02] 5.94E-05
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These paramelers may be variable and uncerain for random i&&ahon comelated among locations and with each other, and function of ‘specified scale and room location (cells B3 and Bd)

53 i refative 1o volume aflar room closure has occumred (.., ol % of onginal room volume). 1T P T I I




Growpl

TT T
reduced size | DOOE+C0| D.UE+00] 0.00E+00] 0.00E+0D 1.&0‘2—1&‘ Z76E34| EA0E.13| T596-12] B80E11| S.57E-0] 5.7AE.05] B.O0E-00| §956-07| §.08E.06] B.00EU5| 1.00E-03] 1.006-02| T.00E-GY| 1.00E+00] T.00E+4 | 1.00E+ 03] LOOE+DI| 1.00E+DA
TCDFE | 1.00€+00] 1.00E+00] 1.00E+00] 1.00E+00] 1.00E+00] 1.00E+00 | 1,00E+00| 1.G0E>00| 1.00E+00] 1 00E+00] 9.50E-01| 5 80€-01] 8.716-03] 137601} 174E-02] 229E03| J.02E-04| 3.98€-05] S25€-06] 692607 9.12E:08] 1.20E-08| 0.00E+00
reduced size TU0E1E] 1.00E-A7] 1,00E-18] 1,00EN8 | 1,508A4| T.00EVS| T.00EA7| TO0EA1 | LOUEND| 1.00E03] T00E0H | 100ERT| 1.00E 08| 1.00E43] To0H04[ 1.00€03| T.80E 02| 1.00E.011.00E+08] 1.00E+01 | 1.00E+02] 1008283
lower vale [ [] L 5 3 15 12 i ] 5 1 {H 18] 13 F] Fi] 7]
wsith e CCOF i 1 1 [EFELG) 0820258] 0.738575| 1.506-08| 251E90] J.98E.27] BI1E-36]  1EA4| 1.50E-53] 251E-62| 3.98c-71] BI1E-0
o infer CCOE il 1l 1] 1 1.998793 0.9900%2] 0.580348 73] 0.131565] 0.017362]_0.00229] 0.0o0302| 3 5AF-05{ 5 256-06] 8 9.13c.08] 12E-08

p-«\'



. |
reduced sea T00E-95| 100517 1.00E-16[ T.00E-15] T.00E-14] 1.00E-13] 1.006-12| 100E-11] 1.006-10] 1.00C-05 | 1.006-08] 1.006-07] 1.00E-06] 1.00E-05| 1.00E-04] 1.00E-03) 3. 2| 1.00E-01 | 1.00E+00| 1.005+01 | 1.00E+02 | 1.00E+03 | 1.00E+04
CCBF | 1.0OE+00 | 1.00E+00 1,008vtat 1 32E-011 1TAE-02| 2 286031 3 07E-0A| —“Ts_asse-ns TEE-06] 6.076-07] B.476-06{ 1 205-00] A BUE-06| L.00E-90] 2.15E-11) 3,63C-12] A.JEE-13| 6.3VE-14| B33E-15] 111E-19] 1.11E-16 | D.ODEI0 | 0.60E+00

| | | I L L |
raduced site 1.00E-18 1.nne-1{_| §O0E 78] 100815 1.00E34[ 1.00E-13] 1.006-13 | 1.00E-11] 300E-10| 1.00€-00| 1.00E-08| 1L.OVET| .006-08 | 1.006-05 | 1.006-04 | 1.00ED3| 1.00E-02| 1.006-51[1,006+00| 1.00E+81 | 1.00E+02| 1.00E+03
iower value F [ L 7 ] 0 1 12 13 it Bl 16 T 8 6 <o 7]
i CCOF i TREDD] Z5E-18] 4E-27| 63c-35] EA4| 16EB3| ZAE-62| 4E-7T1| 6IC-80| 1E-BB| 1.6E-97| OE-108| AE-115| OE-124| 1E-137] 2e-143] 3E-150] " 3E-160 ‘““_‘6‘ )
nterp EC I T3183]_0.01733] o.mm 6.5E-07] B1E-08| t2F-08 —1.55-119'___1'@ 20E-11 _3.55-12L"4.3_'E213"E§§T‘Cmm 1638 o]

S
/({'}* '
< !:;/’

-




reduced size .00E-18] 1.006-17] 1.00E-16] 1.005-15] 1.00E-14[ 1.006-13} 1.00E.12| 1.00E-11] 4 00F-10} 1,00F-03| 1.00C-08] 100E-07 | 1.0DE-06 | 1.00E-05] 1.0DE-04| 1.00E-04 1.00E-02| 1.00E01] 1.00E+00| T.0OE+01 | 1.00E+2 | 1.00E+03] 1 00E+04
CCOF 1 7.50E+00] 1.00E-01] 1.0GE-02] 1.00E-03] 1.00E-GA| 1.00E-05] 1.00E-06| 1.00E-07] 1.00E-08| 1.00E-08] 1.00E-10] 1.006-11] 1.006-12| 1.00E-13] §.996-15] 9.99E-16] 1.11€-16 | 0.00E+00| 0.00&+00| 0.0GE+00{ 0.00E-+00 | 0.00E+00 | 0.00E+00)
reducediza | 1.OOE-18| 1.0OE-17| T.00E-18| 1.00E-15| 1.00E-14] 100E-13] 1.00E-12| 1.00E-11 | 1.00E-10| 1.005-08| 1,00E-08] 1.00E-07 | 1.00E 06| 1.00E-0% | 1.06E 64| T.00E-B3 | 1.00E-07] 1,60E-01 [ 1.G0EwG | 7.00E+01 | TOGEDZ [1.60E+03
iower vakie i p) 3 [l 5 3 7 ] ] 10 T 12 E) T 5 16 17 i 1‘i_59 21 2
it Interp CGOF 1| 1E19|  fEe-20f (C-38] 1E-4D E.B0] JE-6D]  1E-70| 1EBO| 1E® 00| 1E-190] 1E-120| 1E-130] JE-#4D] 1E-150] 3E-160 of L) 0 [

Interp CCOF 1 (X 0011 0001 1E04| JE05| IEOB]  1E-01] IEDB| JED] TE-{0] Ae-11) 1E-12] 1E-13] IEJ4] IEI5t 1IE-46 0] [1] [0 [/




Groupd

| I |
reduced size 0 DOE+00 | 0.00E+00| 0.00E+00 | _':n,oosaoo"—tsos-ie' o TaE T4 5505 13| 7H0E-12| B99E-1i| 953E-70] §.78E-09] D.90C06| 5 B6E-07| G.08E-06) 9,09C.05 | 1.00E-03| 1.00E-021 1. [ T0E+D0| 1.00E+01| 1.00E+02 mz't.ooem—a 1.O0E+4
CCOF 1 00E~00] §.00E+06] 1 ODE+00| 1.00E+00 | 1.00E +00| 1. DOE+D0 | 1.00E+00 1.00E+00| 8.91E-0Z| 7.84E-03) 7.086-04| BATEDS SEE 0| BOIEO7| 4 47608 3.95E08] B B6E-10] 3.96E-11] S.82E-12] 2 61E-13| 2 2AE-14| ZO0E 15 D.O0E+C0
reduced size THUE-TB| TOOEAT] {005-A8] T.00E-15] T.00E-14] 1.00E-13 | 1.00E-13) 1,00E-11 | 1.00E-10] 1.00€-09] 1.00E-D8| 4 OUE-D7 | 1.00E 08 T0E05 | 1.006-04] 3,00E-03 1.00E02 | 1.00E-01 |1.00E-+00 | 1.00E+D1 | 1.00E+02 | 1.005+03
weT vae [] 4 [ [ 5 T 3 10 L 12 13 L] [ 1% i 18 18 Z0 71 pz]
wih CCOF ¥ 1 i I 579181 ZEETil BEm| TIE.32| GEEA3} IAES3| IE63| 325-74| 1EBA| 3.2E05) 1E-105| 3JE-116] 1E-128 ail E-141
€c] 1 1 i 1] 79783 0.07095] Eo.oom_“‘“omoss [ezE05] 5EEDE 7l: 45E0B| _4E0d] 3OE10| 32E-1| 38E-T3| 25E-43] 29614 ZE-15




7

Growps
- i
.—)_._._.. I ESE—— T S —— — —— —
raduced sire G O0E+00 | D.00E700| 0 00E+00] 0.00C+00] 1.60E-18] 3.78E-14| 5.90E-13] 7.026-13| BOUE-11| D57E-10| .78E-09| 6.00E-08 | §.956-07| D.9OE-06| 9995-05| 1.006-03| 1.00E-D2) 1.00E-01) 1.00E+00| 1.00E+01} 1.00E+02 7.00E+03 ) 1.00E+04
F 3 00E300 | 1 00E+00] 1.D0E +00] 1.00E+00 | 1,00E+00] 1.00E+00] 1.00E+D0] . D0E+00 | 1 00E+00] 1.00E+00] 1.00E+00| 1.00E+00 | 1.00E+00| 7.626-01| 5.65E-D1] 3.93E-02 2.79E-03 [ 1\0TE-04| 1,40E-05| 8.88E-07 | 7 00E-08| 4.55E-08| 0.00E+00,
reduced size T0E-19 | 1 G0E-17| 100E-18| L00E-18| I.00E-A4| 100E-13] 1.00E-12| 1.00€.91| 1.00E-104 1.00E-C3| 1.00E0R| 7.06E-57| 1,00F 84 | T.H0ELS TODED4| 1,00E-03| 1.00E-07| 1.00E-01 | 1.00E00 | 1.00E+01 | 1.00E+02 | 1,003
Iower valse [ 4 ] [ 4 [ 7 § 10 1 LE: 13 i ] [3 17 L] 1] 20 il 22
Brith INISp CLDT. il ] 1 i 11 099867| O.06761] D00331| B.OE-15| 2BE 26| BOE 38| ZBEAI| BOE61| 2.8-72| BOE-BA
Tnterp CEOF 1 1 1 1 DP994|_0.75141] U L6426 D 0aaz| 0.00378| 0.0002] 14ED5| GPEOT| 7E08

Page 1



{

reduckd size__ | 0.00E +D0 | 0.0DE+00] 0.00E+00 | 0. DOE+00| 16UE-16] 2.78E-14| 5.90E-13] 7.92E-12[ B.S9E-11] §.52€-10] 5.7AE-09] 8.90E-08) 9 9SE07 ssae@! 955605 1 00E-D3 | 1.00E-02Z) 1.00E-01 | 1.00E+00| 1.00E+D1] 1,00 100E+03) 1.00E+04
EOF 10050 1.006+001 1.00E+00] 1. 00E +00] 1,00E +00 | § DOE+00 | 1.00EI0] 1.00E +00| 1,00E-+00 | 1.00E +00 ] D.00E #00] 0.00E-+D6 | 0.00E+00 [0.00F 500 0.00E+00| 0.00E+00 | 0:008-+00 | b,00E+00 | 0.00E+00{0.00€-+00 | 0.00E+00] 0] .DOE 400,
reducedsize | 1.00E-18] T0OC17| 1.00E-18] 1,00E-15 | 1.00E-14| {.00-13] 1.00€-12| 1.00E-11} 1.055.90] J.00E-04 | 1.00E-08| 1.00c-07 | 1.00E 6] 1.00€03 | 1.00€-04 | #.W“im"u‘% T.G0E+00 [ 1.00E+81 [1,00E+02 [ 1. F0E03

Tower vahis 4 [ 4 : [ ] L 1) I K 1z 13 1] B B 1 ] 18 70 2 2

arith Intesp GEOT 1 i 1 i[ositarl — © [ ] 0 [ [ 1 [] 0_‘

[log itesp CCDF [] [] 1 1]_0.00846] [ [1] [ 1] ] 1| 0 1] [] 1| 0

TN







The undersigned agree that the following set of viewgraphs adequately represent their
judgements, as developed in open meetings held in Carlsbad, NM, on May 5-9, 1997.
Additional detail is contained in the transcripts of those meetings, which are available in
the project file.
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Elicitation Structuring

m Definition of issue(s)

m Definitions of vartabtlnjy and uncertamty in particle
sizes g

m Definition of fypes of effects on partlcle sizes

m Description of initial waste inventory
‘characteristics |

u Descrlptwn of processes affectmg partlcle sizes

_ Descrlptlon of effects of processes on partlcle sizes

Decomposztwn Model T

" m Abstraction of above ln (‘,..,., .

ERa 1630.301/63487 ppt




Technical Issue Definition

What is the conditional probability distribution for
the waste particle diameter freque'ncy
distribution (i.e., % of particles exceeding a
particular size) at a random areal location, but at
a specified vertical location in the waste room,
time and scale, given the initial waste inventory
and the predicted extent of each relevant process
at that location, time and scale? -

m just prior to an inadvertent human intrusion

PR3 1930.301/63487.ppl . .

event

after tensile failure during spalling




Limitation

m Radioactivity associated with particles is
important to determine release and exposure
m This is outside the scope of this elicitation

m Conditional probability distributions for
radioactivity as a function of particle size and
possibly time could subsequently be developed

and applied
m If radioactivity Is approximately independent
of particle size, it could —




Definition of Waste Particle

Waste Particle
m individual piece or aggregated collection of
pieces with significant internal strength (e.g.,
~ uniaxial tensile strength>20psi)
m particles are much more likely to separate
from each other, rather than to break up into

smaller pieces | e

PR3 1930.301/63487.ppt '




Definition of Particle “Diameter”

Equivalent particle diameter (d) =
diameter of sphere with volume (V) equlvalent

ito individual “particle” v=nd>/6

"PRI 1930.301/63487.ppt



Population of Waste Particle
Diameters

ot v—

PR3 1930.301/63487.ppt




‘Statistical Description of Population
of Waste Particle Diameters

100%

S0% | oo o /

cumulative frequency
- F{d}, % less then d

p. .

min

| medi H‘ 4
median mean max
particle diameter (d)

Possible Descriptors: standard deviation |

minimum value{d}, maximum value{d} |

-F{d=10-3}, F{d=102}, F{d=10"}, F{d=10°}, F{d=107}, F{d=102}, F{d=10%}

*dpy g3y Asos de7s dao

-most common value{d}

«distribution form(e.g., lognormal) and characteristics -
(e.g., mean and standard deviation) - Y &=/ A\

PR3 183030163487 ppt .
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Uncertainty in Specific Population
of Waste Particle Dlameters '

100%

i

X, average values m{d} of
possible populations at
specific location, scale
and time

cumulative frequency

F{d}, % less then d

3
X

-
particle diameter (d)

probability
plm{d}}

/ discrete cases
b‘i:i. .'.'.

infinite cases

.

0%

|

Note: could use other descriptors besides average




Spatial Correlation in Particle Size
Populations '

plm{d}] 4 - at another location at a distance Ax from where d = d*,
- m{m{d}},, and sim{d}]ax

at random location (x),

considering both variability and ignorance in mid},

m[m{d}], and s[m{d} '

0 -
0 da] average particle diameter (m{d})
sim{d)]n, 4 A mima)),
= mimtdy],
<
rrnan d* \__ﬁ _
$oo-

0 autocorrelation distance i

could use other descriptors besides




Variability of Waste Particle Size
Populations as a Function of Scale

mid) &
\ possible range in populations among locations at this scale and time, 2s{m{d}]

s e,
Iy it
.

m{dyl
ﬂﬂ”""’
pra
: e
. scale independent (homogeneous)
0 : .
0 autocorrelation distance fvc scale (v)
s|m{d}]
s{di -\
Mm
0 I ——— B
: scale (v
0 g (v)
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Vanab111ty+1 gnorance Description
of Particle Diameter Populations

pl[f{d},] at random areal location, but at specified
vertical location, time (t) and scale (v), e.g.,
p|m{d}g.s{d}r] determined from:

pldlg for random particle at that vertical location in

- repository at time t, e.g., m{d] & s[d]p
| variability + ignorance (o
\

Ll S

pls{d}gr/sld]gl and p[s{d}¢/s[d]g] for population in
repository and in small volumes, respectively, at time t
variability vs. ignorance

plv. ], critical scale=f{autocorrelation dlstance}

RS 1930.301/63487.pp




Effects of Processes on Particle '
Size Population '

m Pervasive reduction

e corrosion
. biodegradatioti
e dissolution
m Selective reduction

« crushing
. fragmentation

- m Aggregation
.- consolidation/encapsulation

. precipitation/cementation |

1930,301/63487.ppt



Example - Initial Distribution

Microsoft Excel - CDF_ EX XLS

Cumulstive Frequency

PR3 1930.301/63487 ppt




Example - Pervasive Reduction

oft Excel - CDF_EX XL SR ey [ ag s [ . EECEES
S R S $ : - o %

e 05T - o - IO

" Change In Size Distribution

Cumulaﬁué Frequency

Golder
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tial sizes irevised sizes |

o e
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i, [ragment
bsﬁ/ O

Cumuylative Frequency

Change in Size Distribution




Example - Aggregation

Change in Size Distribution

;?’4

Cumulative Frequency

Wo kset
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Influence Diagram for Particle
Size Distribution -

parlicle size : :
distribution at f erosion/ftensile
failure at drill bit

scale v at location ,,L .
penetration”

x-and time ¢

.
~

initial particle size degradationlaggregationl [ diSSOIution;’premma“om
distribution at scale processes at location x cementation by !“90.
.- through time ¢ r 'l sall, & corrosion

: + products*

~ \

mechanical . .
anoxic corrasion
of steel*

microbial W
degradation of
organics®

initial waste
inventory at
location x

crushing/
compaction®

v

previous
intrusions
L]

Mhlrgas generation j -

‘.\‘

Y
T

NOTE: * at location x through time t

Note: brine inflow implies brine volume,
and gas generation implies gas |
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Materials (1 of 6)

m iron-base metal/alloys
« includes iron and steel alloys in the waste, and iron-base metallic phase
associated with vitrification; mixed throughout repository; steel and

steel plug are considered separately.

m aluminum-base metal/alloys
des aluminum or aluminum-base alloys in waste materials;

e inclu mixed

throughout repository.

m other metal/alloys
« includes all other metals
zirconium, tantalum, lead portion o
~ mixed throughout repository; lead pac

found in waste materials, e.g., copper, lead,
f lead rubber glove/aprons, etc.;
kaging is considered separately.

(3)




Materials (2 of 6)
WM other inorganic materials

* includes inorganic non-metal waste materials, e.g., concrete, glass,
firebrick, ceramics, graphite, sand, and inorganic
sorbents; mixed throughout repository.

B vitrified

* includes waste that has been melted or fused at high temperature with
~ glass forming additives (e.g., soil or silica) in appropriate proportions to
result in a homogeneous glass-like matrix; in 7-packs; any unoxidized
metallic phases are considered as iron-base metal/alloys.

PR3 1930.301/63487.ppt




Materials (3 of 6)

B cellulosics

« includes materials generally derived from high polymer plant carbo-
hydrates, e.g., paper, cardboard, kimwipes, wood, cellophane, cloth, etc.;

mixed throughout repository

m rubber
« includes natural or manmade elastic latex materials, e.g., Hypalon,
neoprene, surgeons’ gloves, rubber part of leaded-rubber gloves, etc.;

mixed throughout repository

m plastics
« includes generally manmade materials,
feedstock, e.g., polyethylene, polyvinylchloride,
packaging is considered separately;

often derived from petroleum
Lucite, Teflon, etc.; plastic

mixed throughout repository.




Materials (4 of 6)

B solidified inorganic materials

« includes any homogeneous materials consisting of sludge or aqueous
base liquids that are solidified with cement, Envirostone, or other
solidification agents, e.g., wastewater treatment sludge, cemented
aqueous liquids, and inorganic particulates, etc.; in 7-packs; cement
used as part of solidification process is considered separately.

m solidified organic material

» includes cemented organic resins, S{llldlﬁed organic liquids, and
sludges; in 7-packs.




Materials (5 of 6)

m cement (solidified)
« includes cement used in solidifying liquids, particulates, and sludges;
mixed throughout repository.

m soils
« includes generally naturally occurring soils contaminated with
inorganic radioactive waste materials; in 7-packs.

m steel packaging

« include containers (e.g., drums,
waste and steel plug packaging are considered separately.

m plastics packaging

« in all drums; plastics in waste are considered separately

boxes, etc.); in all drums; steel in




Materials (6 of 6)

m /ead packaging

* includes lead shieldi-ng in a RH-TRU canister; located in room walls;
lead in waste is consndered separately.

m steel plug

» located in room walls; steel in waste and steel non-plug packagmg are
considered separately.

m MgO backfill

e includes pellets, primarily on top and sides of waste room.

m Salt

+ fragments from roof, primarily near the roof




Initial Material Properties

M aterial Expected Amount Location
(% Total Wtin Repository)
iron-base metal/alloys 12.6 ' throughout
aluminum -base metal/alloys 1.3 throughout -
other metalfalloys 5.6 throughout
other inorganic m aterials 2.4 throughout
vitrified 4.0 in 7-packs
cellulosics 4.0 throughout
rubber 0.7 throughout
plastics 2.5 throughout
solidified inorganic m aterials 4.0 in 7-packs
solidified organic material 0.4 in 7-packs
cement (solidified) 1.7 . throughout
soils 3.2 7 in 7-packs
steel packaging 11.4 Lonts all drum s
plastics packaging 1.9 N all drums
lead packaging 1.4 with RH in room walls
steel plug 6.5 ~ with RH in room walls
MgO backfill. 345 top and sides of roem
sall Note top of room __.

Note: Salt fragments have been assessed to comprise ab
volume of each waste room. Also, amoun
locations as a function of scale, and will not be average

except at large scale.

R3 1930.301/63487.ppt

out 2% of the original
is of each material will vary among




Possible Degradation Processes

B Corrosion of iron-base and aluminum-base
materials due to brine inflow - pervasive
reduction of F{d} with some particulate
byproducts

B Biodegradation of organic materials, affected
~ by brine inflow - pervasive reduction of F{d}
without particulate byproducts

B Dissolution of soluble materials due to brine

inflow - pervasive reduction of F{d} wnth some
| partlculate byproducts | |

A : Golder

PR3 1930 30V/63487 ppt




Possible Degradation Processes
m Crushing of friable materials due to room closure -
selective reduction of F{d}; =initial conditions

m Compaction of all materials due to room closure -
insignificant effect on F{d}, except salt may flow and
encapsulate all materials |

m Precipitation of dissolved materials/corrosion
products - pervasive aggregatlon/cementatlon of all

materials (in addition to partlculates)

m Fragmentation due to tens1le failure - msngmﬁcant =S
effect on F{d} (i.e., particles are not weak), except "

for possnbly cellulosncs |
e ——— S Golder |
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Chemical Processes

2C +2H,0=CH, + CO,

Fe +2H,0 = Fe(OH), + H,

- MgO + CO,=MgCO; | =
MgO + H,0 = Mg(OH),

Fe(OH),+ CO, =FeCO; + H,0

Mg(OH), + CO,=MgCO; + H,O

dissolution of MgO is probably faster than corrosion of Fe

biodegradation produces CO,
H20 contams dissolved NaCl, whlch precnpltq_gmes

g 1930.301/63487 ppt o




Predicted Extent of Processes

Process Predicted Extent as Function of Time  Variability in
o (see note 1) Repository

crushing/compaction from roorv/closure (see nole 2)

COITOSICt from brine volume&dissolution (see note 2)

bio-degradation from brine volume (see note 2)

dissolution from brine volume & cormosion (see note 2)

cemrentation ~ from corrosion, dissolution, precipitation  (see note 2)

fragmentation during spalling/intrusion (see note 2)

Note 1: Predicted extent of processes to be prov:ded by ! 3y
. performance assessment (e.g., BRAGFLO). AR

Note 2: Insignificant variability among rooms prior to intrusion.
However, significant varlablllty at barrel scale in all processes

e 1630.301/63487 pp!



Effects of Processes on Materials

Material corrosion bio-degradation dissolution t
iron-base metal/alloys | 1
aluminum-base metal/alloys 4 1

“other metal/alloys 2
other inorganic materials 2

vitrified ' 2

cellulosics 4 4

rubber / 5

plastics S

solidified inorganic materials : 2
4

2

2

1

5

2

1

6

3

solidified organic material v/
cement (solidified)

soils

steel packaging v

plastics packaging
lead packaging
steel plug

MgO backfill

salt

Note. salt encapsulation and cementation
will affect aggregatlon of all materlals, and

ey 1930 301/63487 ppt .




Material Groups - Initial
Conditions and Processes

1. iron- and aluminum base - shavings (1 mm) to steel plug

(0.3m3), relatively independent on 1 drum/SWB laterally and

vertically, dominated by variability (not ignorance); subject to
corrosion : |

2. non-iron metals/inorganic/vitriﬁed/soils/cements/

SOlidg'ﬁed inorgam'cs - solid inorganic particulates (Sniicron) to
vitrified drum size (0.21m3), independent on 7-pack/SWB scale
laterally (and typically less) and 1 drum vertically, dominated by

variability (not ignorance); crushing due to room closure of friable
materials included in initial particle sizes '

3. salt - dust (1 micron) to half roomsize slab 2m thick (1000m3),
independent on room scale but mostly at top of room, dominated [
by variability (not ignorance); crushing/plastic flow/compaction of
roof fall particles included in initial particle sizes




Material Groups - Initial
Conditions and Processes

4. cellulosics/solidified organics - solidified organic particies
(0.2mm) to compressed HEPA filter (1.9m3), relatively independent
on 1 drum laterally (except for solidified organics, which are 7-
pack/SWB) and vertically, dominated by variability (not
ignorance); subject to biodegradation and possibly fragmentation .

5. rubber/plastics - drum filter gaskets (1cc) to 90 mil drum liner
(0.03m3), relatively independent on 1 drum laterally and vertically,
‘dominated by variability (not ignorance); subject to biodegradation

6. MgO backfill - 0.5-4mm diameter pellets, uniform size
distribution (located mostly at the top and sides of room), scale

independent; subject to dissolution =)

Note: All materials subject to cementation and
salt encapsulation (especially at room boundary)_

A .' Goldg:r |
L/ Associates

A DR DS

e S T R GRS R
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Initial Particle Size Population

The types of materials and overall amounts in each group
were identified (ref. BIR), and their average particle size
and % of total amount were estimated based on judgment

(consistent with Clements & Kudera, as discussed by
EEG, and with video of drum sampling program)

Cumulative frequency distributions of initial particle
volume (m3) were then developed for each group,
appropriate for large scale |

A continuous curve (i.e., piece-wise power law) was fit to.
the data, including the assessed minimum size

This analytical CCDF is the best available _g_nmlbiased | /I‘U

estimate P, |
- . ( 2 Golder
@ ZAssociates




‘material

"SuuaUn3)

Nunmer

mcdf

Initial Particle Size Population -
1. Fe&Al-Base Metals

gyvastemwa m
E;waste

drum
SWB

?g_SWB oP -
canister

2.5E-07,
0.000001
0.00001
- 0.0001:
" 0.001!
0 0045%;,

~0.067

e
mjtotalvvt(k
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Initial Particle Size Population -
1. Fe&Al-Base Metals

0.1 R - U TOIUDN, (PRI L E SRR
001 |— - I U R Ao | —— | -
s kon & Aminum
w T —_w—Large Size portion of Fower Law Fit
g I R ~——{  |-a—Smansize Poson ol Power Law Fll
: . ' . . *
0.0001 e Y PP ‘._-q!‘ ------- —_
0.00001 R SRR R X e et e —}——
; | N
0.000001 L— . AN \
. 1E-D9 1E-08 1E-D7 1E-06 1E-05 0.0001 Q.UO1 0.01 0.1 1 ) .__‘u.“'-\,’;& !
' volume {m3}) A

1-F{v} = {1.0E-6/v(m3)}"0.88 for v>10"-6




Initial Particle Size Population -
2. Other Metals/Soils/etc.

Material Mass Density - Size units Size (m3) Number cdf cedf
inorganic nonmetal - <10 1.00E+04 25 5miccon  1.256-16 3.2E+16 0.868566 0.131434
Pb - particulate gloves 1.56E+06 11.3 1.00E+02 micron 1E-12 1.38E+14 0872313 0.127687
inorganic nonmetd - <212 1.50E+05 25 100 micron 1E-12  BE+13 0873941 0.126059
soils - 7.42E+06 22 0.1 mm 1E-12 3.37E+15 0.965486 0.034514
solidified inorganics 9.25E+06 1.3 0.2 mm 8E-12 B.BOE+14 0.989628 0.010372
cement 8.56E+06 28 0.2 mm ~ BE-12 3.82E+14 1 1.6E-00
inorganic nonmetal - interme  9.80E+05 25 2 cm 0.000008 49000000 1 2.74E-10
inorganic nonmeta - coarse  4.54E+06 25 213 cc 0.000213 8525822 1 427E11 .
other alloys - crucible 260E+06 8 23kg 0.0002688 1130435 1 1.26-11
Pb bricks 3.64E+06 113 0001 m3 0.001 3221239 1 327TE-12
Pb 42 . 5.20E+06 113  0.005m3 0.005 ©2035.4 1 7.75E-13
lead RH packaging 3.24E406 13  0037m3 0.037 7749.342 1 5.65E-13
vitrified 9.30E+06 3 053 m 0.148877 20822.56 1 0
+ . AT
totad 5.65E+07 3.68E+16 ( <)




Initial Particle Size Population -
2. Other Metals/Soils/etc.

1
01 R ._,_.___i._ I Y P— P R
ot e TN e b e SN O s N DS SES—

a S . & S AN EURR TR B ol e

xxxxxxx

1E-13
1E-14 1E-12 1E-10 0.00000001 0.000001
volume {m3)
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Initial Particle Slze Populatlon -
3. Salt

range of 10°-18 m3 to 10°3 m3,
with mean of 10*-5 m3

PR3 1930.301/63487.ppt
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Initial Particle Size Population -
3. Salt

0_1 . EEe—— IR —_—

0.00%1 | —

R

1E-06 | — —1 -
\ :

1E:07 |- e bt - —

1E-09 | - |- i —
.S-a“li'CCDF ) T
ey | ——— o B I A - - - - Conditional Mean (Assumed)

1E-13 b b o - =% e }——

CCODF

1E-15 e b ere—ee———— e e . '. - ) T
1E.1T i b ———— " [P E - . | P !/' , "ai L\\
. - v

g9 |———1-——

1E-21 -
. 1E-18 1E-15 1€-12 1E-09 0.000001 0.001 1 1000

size (m’)

1- F{ = {1E-

T g
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Initial Particle Siie Population -
4. Cellulosics/Solidified Organics

Material : mass% volume (n0) density eqv diameter(c  Size (m3) Nurrber cdf codf
salictied orgarics (1970-1966) %0 20 00 10011 980E+13 099996 53E06
sdlidfied orgarics (1986-) 172 20 10 0000001 1.72E+08 0990996 3565506
Kimwipes 5% 512 09 1.3 0000002 2.565E+08 0990999 9.36E:07
smpaper filters 10% 14 09 30 0000027 370EH07 0.990999 54807
20mil 12%12" rags 15% 1587 09 36 470605 32MEH7 i 214807
10rvit 10'%12" carchoard cartons 10% 1024 - 09 45 910605 113407 1 94E08
HEPA filters 15% 1537 09 66 290E04 530EHB 1 453508
wood frarmes for fiters 10% 124 09 73 39E04 263EH6 1 185508
1.572 coverdlistbooties 10% 14 09 91 750604 13746 1 458500
HEPAfilters 15% 1537 09 165 450603 341EH06 1 1.00E00
wood frarmes for filters 5% 512 09 185 630603 813E+04 1 261610
2x4X¥4" plywood 5% 52 09 270 - 0@® 251111 1 0
100% | —
toted weight (g) Q2EHE 102444444 aum=  98E+13 (/ ;:
L
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4. Cellulosics/So

Initial Particle Size Population -

lidified Organics

1T_‘
a1 | -

yE-10 L—
1.00E- 1.00E- 1.00E- 1.00E 1.00 1.00E
1 10 09 oa 1]

VVVVVV m?%

-F{v} = {1E-11/v_(m3)}"1.05

p—




"Materlal

Size (m3)

Densut)L

Initial Particle Size Population -
5. Plastlcs/Rubbers

iccdf |

;

HEPAFitter rings

apron

_smaller peces .Y
gloves
;dfum gaskets 1 O

114 .

14

1140,
146000,
456000, 0432586
| 0.932046

0 954314
0 986537

0.022071;
0 3443\03E

0 915934.

0 986758'

0.655697

0.084066

0 013463
0 013242

—
- ™

Ay

w, !
v S

10.977929
0567414

0067954

0
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Initial Particle Size Population -
5. Plastics/Rubbers

TR A = R =

" 'w Dala

01 210 ] PE g Tt B m O R s 4 o il it 1 - -« -Large Parlicles
SRR [mEh N ! i i B BRI - - - =SmallParticles

cCDF

0. 01 ' Al
0 000001 0.00001 _ 0.0001 0.001 . ’ 001,

size {m’}

I- F{V} {6E*5/V(m3)}"l 15 for v>10"-4
= {1E-6/v(m3)}*0.124 for v<107-3
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Initial Particle Slze Population -
6. MgO Backfill

constant f{v} =10E-9 (m3)

mtes-_
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Modeled Degradatlon Processes (1
of 2)

m Corrosion
1. Fe and Al base metals

m Biodegradation
4. Cellulosics and Solidified Organics
5. Rubber and Plastics

m Dissolution | |
6. MgO Backfill .

lates
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¢ . ° ®
Modeled Degradation Processes (2
of2) - -

m Cementation
all materials
m Encapsulation
all materials - .
m Fragmentation | (&)
possibly cellulosics

Note: extent of a process i1s a function of time and is uncertain for any
location (due to ignorance and variability among locations), possibly
correlated with each other and among locations depending on scale




_» Corrosion ,
m PA will predict extent of corrosion (% of material

remaining) as function of time, based on brine
. flow and competition with MgO dissolution

m It is assumed that: | |
o« uniform corrosion occurs, i.e., Ar is same for all particles

« portion of the corroded materials precipitate out as small
particles (0.1-10 microns, avg 2), depending on available

pore space
‘M Change In particle size distribution is fully
determined by extentof  —

corrosion and byproducts W




JOOp v __,,,w—w;—_::"—*’*“""‘

s
et mernt e

90% WMWE\; e
5% \ /\ MgO or corrosion

salt

% precipitate that cements

0%

0
precipitate volume/total pore volume

Note: '-precipitzites either form particulates or_cément
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Biodegradation

m PA will predict extent of biodegradation (% of
material remaining) as function of time, based

on the amount of brine in the room

m It'is assumed that
.| uniform biodegradation occurs, i.e.,
“all particles |
« there are no particulate byproducts - ‘ : 1} }

'® Change in particle size distribution 1s _fully"""
determined by extent 0 |

Ar is same for

BT L e ol A s o S

B Ly T I s
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. Dissolution

m PA will predict extent of MgO dissolution (% of
material remaining) as function of time, based on
brine inflow and competition with corrosion

m It is assumed that: -

e uniform dissolution occurs, i.e., Ar is same for all
particles

» portion of the dissolved materials precipitate out as
small particles (0.1-10 microns, avg 2), depending on
available pore space

m Change in particle size distribution is fully 4 “'55-)
determined by extent of e

PR3 1930.301/63487 ppt




Cementation
m Itis assumed that

. corrosion materials, dissolved MgO and salt from brine
that do not precipitate out as particulates will cement
other particles together (regardless of type)

« smaller particles are more likely to aggregate, with the
likelihood being inversely proportional to volume

m Change in particle size distribution is fully
determined by amount of corrosion, MgO
dissolution, and salt precipitation, and portion of
non-particulate byproduets . |




room -

particle sizes

range prior to
cementation

Note:. example for precementation porosity of 25%

PR3 193030“63487 ppt

Cementation

/"’M—"x.\
(=)
- : _
0 40%* cement volume/pore volume




Encapsulation

m PA will predict room closure as function of time,
considering stiffness of waste (as well as gas

pressure, etc.)
m It is assumed that
o salt intrusion front = room closure without waste
o all particle sizes are equally likely to be encapsulated

- encapsulation produces a large (>10m3) particle

m Change in particle size distribution is fully
determined by total volume encapsulated




Decomposition Model Schematic

. amount of brine (1)
/ . :.’.‘../.’..’;,...._......,A............... .‘,.\..A\-"\\ o

ae T A - —p

. % biodegradation () | % MgO dissolution () | {% corrosion () | salt precipitation |

salt
particulales

F{d4)o F{dS]OIF{dB}cﬂ dissolution| | Fr1jo corrosion | Fid3jo

byproducts byproducts
’)I;{dal}t F{d5it

1 PAInput

F{d6}t & Fld1}t & e
cementation cementation cementation

Key:

,—;‘ Wn cementation |4-——  pore space ]

Particle Input F{dZ)o ST

) N :-'.““.-"."l 5 : Tees R R TERL L !
Calculation m «4— encapsulation 4——  room closure {f) |
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Prediction of Particle Size - One
Material and One Process

100%
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e ]
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e
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0% , :
closure § time (t)

initial 1.0~

initial

particle size (d)

0 o 0
closure time (1)

particle size (d,)
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Note: particle size is in terms of any percentile value gt Goldex
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Prediction of Particle Size - One
Material and Multiple Processes

IOOOA] raanwn .
| process 1 W

>
j;
CDF

: initial
closure ! time (t) 0 :
100% ' particle size (d,) |
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Material and Processes

. Prediction of Particle Size - Multiple

= initial - 100% —
= material 1: w,% material 1
N F{d*},} .
2 > .
2 £ o material 2
Nt L]
g 0 & o
= ; ® =
closure : time (t) o 4 [ :
: = Lo
-5 initial : S ‘
- . : . = e
= : material 2: w,% 3 -
g -\ 2 E .E: F{d*} -
e " - °F = w; F{d*};
2 k1. ).y
g- 0 : - 0% : —-
closure time (t) d*  particle diameter (d)
& initial . ..
' _ composite Note: particle size is in terms of
@ d is specific any percentile value
S percentile —
= —
& value :_
8 0 — . —p-
closure time (t)
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LEIF G. ERIKSSON, P.G.
3080 Pillement Place, Alpharetta, Georgia 30202, USA
(770) 642-6222

QUALIFICATIONS SUMMARY

Advanced degrees in Civil Engineering and Geology augmented by post-graduate courses; -

Registered Professional Geologist in North Carolina (1987 - present),

36+ years of international profess;onal experience in earth-sciences and project- management

30+ years of international experience in marketing and managing a broad range of muiti-

disciplinary, state-of-the-art projects, including 19+ years of international experience in safe
hazardous and radioactive waste management with emphasis on deep geological disposal,

. International experiences as expert earth-sciences and geoengineering witness;

. 18+ years of professional experience in the USA, including successful marketing,
management, and expert technical management and support of large, multl-dlsc:plmary, staie-
of-the-art national programs; and

’ Author/co-author of 20+ professional papers with emphasis on site characterization and the

environmentally safe utilization of underground space.

EDUCATION
1975 M.A. & Sc., Geology, The Stockholm Umverslty, Sweden (obtained concurrent with ﬁﬂl-
time work) T
1960 B.Sc., Civil Engineering, Stockholm Technical High School, Sweden ,.,
. Postgraduate Courses: T

- 1996 The Resource Conservation and Recovery Act, McCoy and Associates, Inc.

1990 Code of Federal Regulations, Title 29, Part 1910.120(e) Hazardous Waste Site
Investigations and Site Supervisor's Health and Safety Training, Goider Associates Inc.

1988 Contracts, The Engineers Joint Contract Documents Committee (EICDC)

1973  Soil Mechanics, The Royal Institute of Technology, Stockholm, Sweden

1970 Advanced Concrete Technology, The Swedish Cement and Concrete Institute at the Royal
Institute of Technology, Stockholm, Sweden

ANNOTATED EMPLOYMENT HISTORY AND MAIN RESPONSIBILITIES
1993 - Advanced Sciences, Inc., (AST) Carisbad, New Mexico, USA.

Deputy Project Manager and Manager of Regulatory Compliance, Research, and International
Programs for the Technical Assistance Contractor (CTAC) to the U.S. Department of Energy
(USDOE) Carisbad Area Office (CAQ). Serves as the CAO 's focal point for international outreach.
ASl is the prime CTAC contractor supportmg the CAO's successful implementation of the National
TRU Program (NTP) and the opening and safe operation of the Waste Isolation Pilot Plant (WIPP)
in compliance with applicable laws, federal and state regulations, and DOE Orders. The NTP
involves the planning and implementation of practices and safeguards for the characterization,
treatment, storage, and preparation for shipment of transuranic radioactive waste (TRUW) stored or
to be generated through 2033 at ten large- and 15 small-quantity TRUW generator/storage sites in

1



LEIF G. ERIKSSON, P.G.
3080 Pillement Place, Alpharetta, Georgia 30202, USA
(770) 642-6222

the USA. The WIPP is a first-of-a-kind deep geological disposal system (repository) for TRUW and .
TRUW mixed with regulated hazardous waste. Provided on-site program management and technical
supervision involving 90+ CTAC employees and annual budgets of up to 18 million dollars during

the detailed site characterization, preliminary design, construction and maintenance, safety and

performance assessments, and preparation of required hazardous and radioactive waste receipt,

storage, and disposal permits (the 1995 No-Migration Variance Petition and RCRA Part B Permit,

and the 1996 Compliance Certification Application) for the WIPP. _

3
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1991 - 1993  AB Ingenjorsgeologi (ABI) Inc., Alpharetta, Georgia, USA. ' (
President of fémily-owned small-business corporation. Served as either independent consuitant or
temporary employee on the following select assignments/contracts: '

1993 Consultant to Advanced Sciences Inc. (ASI), Albuquerque, New Mexica, on
' USDOE’s WIPP project supporting experimental and mixed-TRUW integration

activities, and interactions with regulators, oversight organizations, and stakeholders. -

1992 - 93 Consultant to the Argonne National Laboratory, Chicago, Illinois, on USDOE's
Office of Environmental Restoration and Waste Management program providing
technical and administrative assistance on: program planning and analysis; cost and
schedule estimating and control; facility and systems engineering and safety, conduct

- _ of operations; and environmental protection and compliance assessment.

- 1992-93 Consultant 1o the International Atomic Energy Agency (IAEA), Vienna, Austria,
reviewing six top-level IAEA series No. 111 Radioactive Waste Safety Series
Standards (RADWASS) documents - A Series of International Consensus Documents
on the Safe Management and Disposal of Radioactive Waste.

1992 Nuclear Engineer Level P-5 with the Division of Nuclear Fuel Cycle and Waste
Management - Waste Management Section of the IAEA, Vienna, Austria.
Designated IAEA point of contact with the government of Ukraine for the
International Competition on the Long-Term Isolation and Environmental Restoration
of Unit 4 at the Chernobyl Nuclear Power Plant. Advised the Organizing Committee
for the International Competition on: the streamlining of the proposal process; the
development of a clear, concise, request for proposal; the adequacy and relevance of
available scientific and engineering data; the preparation of scientific and technical
support documents for the solicitation process; the identification and coordination of
international experts for the evaluation panel; the identification of candidate
international competitors (bidders); and activities promoting the solicitation process.

1991 - 62 Senior Staff Officer with the National Academy of Sciences' (NAS) Board on
Radioactive Waste Management (BRWM), Washington, District of Columbia,
USA. Planned, organized, and integrated study panels, and initially managed the
three-year, 1.8 million dollar Separations Technology and Transmutation Systems
(STATS) study sponsored by the USDOE, including the January 1992 International
STATS Symposium attended by 200 invited domestic and international STATS
experts and decision makers.
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3080 Pillement Place, Alpharetta, Georgia 30202, USA
- (770) 642-6222 -

1987-1991 Golder Associates Inc., Richland, Washington (then Atlanta, Georgia), USA.

1988 - 91 Associate and Manager of Special Projects and Principal Radioactive Waste
Management Geoscientist and Geoengineer in the Atlanta Office. Developed,
planned, and managed a broad range of multi-disciplinary environmental projects with
emphasis on site characterization, design, construction, and remediation of radioactive
and hazardous waste facilities in compliance with applicable laws and regulations.

1990 Principal Investigator for an Independent Site Suitability Assessment of the Yucca
Mountain candidate spent nuclear fuel and other high-level radioactive waste (HLW)
repository site based on fully integrated stochastic models in support of the USDOE’s
Office of Civilian Radioactive Waste Management (OCRWM) Program. ldentified
and reviewed applicable laws, regulations, and USDOE documents, and developed
draft site-suitability determination criteria. ' .

' 1987-88  Manager of Golder Associates Inc.’s Richland Branch Office and Deputy Project

Manager and Task Manager for thg four-year, 18.2 million dollar, Basalt Waste

Isolation Project (BWIP) Geotechnical Support Services contract in support of the

development of a deep geological repository for safe disposal of HLW in the basalts

at the Hanford Reservation, Washington for Westinghouse Hanford Company.

Administered and coordinated three large subcontractors and more than 60 tasks.

Managed and technically supervised 1 tasks and 20+ staff, including the development

of five years integrated logic networks for 7,000+ BWIP activities, and the review

and revision of 400+ quality assurance and Project Management procedures. AT

f -
i 45:.;;' .

-
i -

1986 - 1987 Shannon & Wilson, Inc., Seattle, Washington, USA. ' \” K

Senior Associate and Manager of Nuclear Waste Services and Leader of the Railroad Services
Group. Marketed, managed, and technically supported the firm’s radioactive waste management
projects, including co-authoring Chapter 2.3 of the Site Characterization Plan for the Deaf Smith
County candidate HLW repository site (rock salt), and reviewed five outyears budget for in situ
characterization of an Exploratory Shaft Facility in salt for Golder Associates Inc. -

1981 - 1986 The Earth Technology Corporation, Long Beach, California, USA.

Senior Geological Engineer, then Managing Senior Geological Engineer, Manager of the
Geomechanics Discipline and Leader of the Advanced Underground Technology Group. Project
Manager, Lead Geological Engineer, and/or Principal Reviewer for environmental impact '
assessments, site characterizations, and state-of-the-art technology and methodology applications in
support of: nuclear power plant siting (Republic of China); the development of safe deep geological
radioactive waste disposal systems for HLW in the contiguous USA (the OCRWM and the NWTS
programs) and in Sweden (the KBS and the SKB programs}; national and regional screenings for a
Superconducting Super Collider (SSC) facility in the contiguous USA; national, regional, and area
screenings for a Deep-Based Intercontinental Ballistic Missile facility in the contiguous USA; and
various energy storage projects/programs (e.g., compressed air [CAES], pumped hydro, and
hydrocarbons (e.g., the Strategic Petroleum Reserve [SPR] program]) in the USA.
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1978 - 1981  AB Ingenjorsgeologi, Stockholm, Sweden. (See also 1991 above.)

Provided senior geosciences and geoengineering expertise and project management services under
long-term exclusive services contracts. Select positions and main responsibilities include:

1980 - 81 Acting Staff Scientist IIl at-Lawrence Berkeley Laboratory (LBL), University of
California, Berkeley, California, USA. Developed siting guidelines and conceptual
design for a deep underground HLW repository test facility in basalt, and inventoried,
inspected, and assessed select underground facilities in crystalline rock for potential
use as a repository test facility for the U.S. Nuclear Regulatory Commission.

1979 - 80 Consultant to Rockwell Hanford Operations (RHO), Richland, Washington, USA.
Acting Senior Resident RHO Engineer on the BWIP during the construction, -
operation, and testing of the Near-Surface Test Facility (N. STF). The NSTF was
developed to qualify basalt as a potential host rock for a geologic HLW repository.

1978 - 79 Senior Engineer and Member of the Advanced Technology Group of Dames &
Moore (D&M) London, United Kingdom (1978) and then Washington, District of
Columbia, USA (1978-1979). Project Manager for the evaluation of room stability
and gas outburst potential in a large operating domal salt mine in the southeastern
USA to be partiaily converted to an SPR facility. '

1965 - 1978 Hagconsult AB, Stockholm, Sweden and London, United Kingdom.

Engineer then Project Manager, responsible for R&D, marketing, project management, and expert .
withess testimony in support of a broad range of civic and environmental projects. Project Manager
and Principal Investigator for site investigations, conceptual designs, and development of
underground systems for environmental protection, energy storage, defense, communication, and
transportation in Africa, Asia, and Europe. Lead Geological Engineer for R&D in support of
enhanced site characterization techniques and equipments, tie-back anchor systems, grouting, ground
freezing, and shotcrete applications. Manager, London Branch Office, United Kingdom (1974-
'1976). Marketed and managed middle- and south-European and north-Affican projects.

1963 - 1965 The Essinge Bridges Consortium, Stockholm, Sweden.

Surveyor, then Foreman. Conducted surveys and supervised staff (engineers and specialty workers)
during the construction of free-suspending, prestressed bridges and connecting viaducts.

1960 - 1963 The Stockholm City Municipal Services Department, Stockholm, Sweden.
Assistant Supervisor, then Surveyor. Conducted surveys and supervised staff (specialty workers) |

during the reconstruction of the central core of the City of Stockholm, including the excavation and
construction of Sergels Torg and the adjacent temporary Parliament building. '
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3080 Pillement Place, Alpharetta, Georgia 30202, USA
‘ (770) 642-6222

SELECT EXTRACURRICULAR PROFESSIONAL ACCOMPLISHMENTS

. Registered Professional Geologist in the State of North Carolina, 1986 - present
(Registration number 437).

« - Member, Commission No. 14 of the International Association of Engineering Geology
(IAEG) (1985 - Present). Responsible for the monitoring of and reporting on problems and
issues of the United States of America’s programs for safe disposal of long-lived radioactive
wastes, i.e., TRUW and HLW, in deep geologic repositories. Four reports submitted to date
(1986, 1988, 1990, and 1996). '

. Member, Miscellaneous Program Advisory Commitiees: e.g., Waste Management Symposia
Inc.’s WM?92, WM*96, and WM“97 Conferences held in Tucson, Arizona, USA; American
Nuclear Society’s Spectrum ‘96 Conference held in Seattle, Washington, USA; and American
Society of Civil Engineers’ and American Nuclear Society’s Third, Sixth and Seventh
International Conferences on High Level Radioactive Waste Management held in Las Vegas,
Nevada, USA (1992, 1995, and 1996, respectively). - ‘

. Substitute Member, Core Group on Site Evaluation and Design of Experiments (SEDE) Jor -
Radioactive Waste Repositories, Organisation for Economic Co-operation and Development/
Nuclear Energy Agency (OECD/NEA), Paris, France (1990-1991).

. Member, Steering Committee for the National Academy of Sciences' “Colloquium on Quality
Assurance (QA) Aspects of Geotechnical Practices for Underground Radioactive Waste

_ Repositories,” Washington, District of Columbia, USA (1988). :

. Member, Deep Underground Space Committee of the Underground Technology Research
Council, USA (1978-1982). ' : _
. Member, Geological Society (Geologiska Foreningen), Stockholm, Sweden (1972-1980).

Additional information and references avaiiable upon request.
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PUBLICATIONS

Eriksson, L.G., 1996. "Report on the Safe Management and Disposal of Long-lived Radioactive
Waste in the United States of America,” prepared for Commission No. 14 of the International
Association of Engineering Geology (IAEG), October 31, 1996 (Fourth Report).

Dials, G.E., and Eriksson, L.G.,1996. “On the Verge of Opening A Deep Geological Repository
for Disposal of Long-lived Radioactive Waste at the Waste Isolation Pilot Plant,”
Proceedings Spectrum ‘06 International Topical Meeting on Nuciear and Hazardous Waste
Management, Seattle, Washington, August 18-23, 1996, 1:501-508. _

Eriksson, L.G., and Dials, G.E., 1996. “Safe Management and Disposal of Long-lived, Defense-
generated Radioactive Waste in the United States of America.” exhibited in Poster Session 3
and presented in Plenary Session 3 at the European Nuclear Society “TOPSEAL ‘96"
meeting, Stockholm, Sweden, June 9-12, 1996. -

McFadden, M.H., and Eriksson, L.G., 1996. “Keys to Opening the Nation’s First Deep Geological
Repository in 1998," Proceedings of the Seventh Annual Initernational Conference on High
Level Radioactive Waste Management, Las Vegas, Nevada, Aprit 29-May 3, 1996, 220-223.

Dials, G.E., and Eriksson, L.G., 1995. “The Waste Isolation Pilot Plant-A Domestic Success with
Global Implications,” presented at the International Atornic Energy’s Seminar on the
Requirements for Safe Management of Radioactive Waste held in Vienna, Austria, August
28-31, 1995, ’

Dials, G.E., and Eriksson, L.G., 1995. "Transuranic Radioactive (TRU) Waste Management
in the USA.* Proceedings Fifth International Conference on Radioactive Waste Management .
and Environmental Remediation, Berlin, Germany, September 3-8, 1995.. ' '

Eriksson, L.G., 1991. “Comments on the Technical Basis for the EPA HLW Disposal
Criteria Proposed in Working Draft No. 3 of 40CFR191," Proceedings of the EPRI
Workshop 1-Technical Basis for EPA HLW Disposal Criteria, Crystal City, Virginia, USA,
September 24-26, 1991, EPRI TR-100347, 401-413. (Invited comments.) |

Eriksson, L.G., 1991. "Key Engineered Barrier System Concepts and Components of The Minimum
Disturbance to the Geologic Setting (MD) Design and Their Current Application to The
Office of Civilian Radioactive Waste Management Program," Invited Technical Submittal to .
the USDOE's Engineered Barrier System Concepts Workshop, Denver, Colorado, June
1991. o

Eriksson, L.G., 1991. "The MD Design - A Cool Concept for Geologic Disposal of
Radioactive Waste," Proceedings of the Second Annual International Conference on High
Level Radioactive Waste Management, Las Vegas, Nevada, April-May 1991, 2:1569-1584.

Eriksson, L.G., 1990. "1990 Biannual Report on the Office of Civilian Radioactive Waste
Management (OCRWM) Program of the United States of America," prepared for -
Commission No. 14 of the JAEG (Third Report).

Eriksson, L.G., and Pentz, D.L., 1990. "Naturai System Issues in the OCRWM Program.”

' Proceedings of the First International High-Level Radioactive Waste Management
Conference and Exposition, Las Vegas, Nevada, April 1990, 1:10-19, (Invited Plenary
Session.paper.) _ .
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Eriksson, L.G., 1990. *Is It Time to Reduce the Heat on the Concept of Geologic Disposal
of High-Level Radioactive Waste?" American Underground-Space Association News,
5/1:18-24 (April 1990). ' |

Eriksson, L.G., and Pentz, DL, 1989. "Geosciences and Geoengineering Challenges 10 _

- Geologic High-Level Radioactive Waste Disposal in the United States of America,” 28th
International Geological Congress, Washington, D.C., July 1989. '

Eriksson, L.G., 1989. "Underground Disposal of High-Level Radioactive Waste in the United States
of America - Program Overview,” Bulletin of the International Association of Engineering
Geology No. 39:35.51, prepared for Commission No. 14 of the IAEG (Second Report).

Michalski, A., Eriksson, L.G., and Head, J., 1988. “Salt Rockbursts - AFunctionof Gas
Enriched Zones and Effective Stress,” Second International Symposium on Rockbursts and

‘ Seismicity in Mines, Minneapolis, Minnesota, June 1988 (Abstract). :

Eriksson, L.G., 1986. "Commentary on the Program for Final Disposal of High-Level Radioactive
Waste in the United States of America," Proceedings of the 5th International Congress of the
1AEG, Buenos Aires, Argentina, October 1986, 4:2751-2772, prepared for Commission No.
14 of the IAEG. _ '

Eriksson, L..G., and Michalski, A, 1986. "Hydrostatic Stress Conditions in Salt Domes - A
Possible Reality or a Modeling Simplification?” The International Symposium on Rock
Stress and Rock Stress Measurements, Stockholm, Sweden, September 1986.

- Schell, B.A., Eriksson, L.G., Murphy, B E., Boylan, D., Kling, M., and Gregory, J.L., 1985.

' » Application of Seismotectonic Zoning to Regional Site Screening, Characterization and
Selection,” 28th Annual Meeting of the Association of Engineering Geologists, Winston-

~ Salem, North Carolina, October 1985.

Eriksson, L.G., 1983. "Geoplanning for Underground Space," Underground Space, 7:387-392.

Zweifel, H.A., Hansen, D.E., and Eriksson, L.G., 1979. *Construction of the Near-Surface
Test Facility: A Historical Perspective,” Basalt Waste Isolation Project (BWIP) Annual
Report - Fiscal Year 1979, prepared for the US Department of Energy by Rockwell
International Corporation (RHO-BWI-79-100).

Eriksson, L.G., 1978. "Rapid Subsurface Investigation System for Underground Openings .
and Space,” Third International Congress of Engineering Geology, Madrid, Spain, September
1978. ' :
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ROBERT H. NEILL

Robert H. Neill has been the Director of New Mexico’s Environmental Evaluation Group
(EEG) since the Group's creation in 1978. The EEG performs an independent evaluation of
the potential public health and environmental impact to New Mexico of the Waste Isolation
Pilot Plant (WIPP) Project, for the disposal of defense transuranic waste. Prior to this, he
served as a commissioned officer in the Bureau of Radiological Health of the U. S. Public
Health Service for 23 years.

Mr. Neill received the degree of Mechanical Engineer from the Stevens Institute of
Technology and an MS in Radiation Hygiene from the Harvard University School of Public
Health. . : _

Affiliations and Committees:

‘Member, National Academy of Sciences, NRC, Committee to Evaluate Science,
Engineering, and Health Basis of DOE’s Environmental Management Program,
Subcommittee on Priority Setting, Timing and Staging '

Member, National Academy of Sciences Panel on Uranium Mill Tailings

Member, Advisory Committee on External Regulation of Department of Energy Nuclear
Safety '

Member, Formerly Utilized Site Remedial Action Program Committee (FUSRAP) of the
Environmental Management Advisory Board, U.S. DOE

Member, EPA Advisory Committee on C-14 in High Level Waste Disposal

Member, EPA Advisory Committee on Implementing WIPP Land Withdrawal Act

Member, Environmental Information, Economics and Technology Committee of the National
Advisory Council for Environmental Policy and Technology, U.S. EPA

Member, Advisory Panel on DOE Generating Sites Environmental Cleanup, Office of
Technology Assessment, U.S. Congress _

Member, Advisory Panel on Nuclear Weapons Dismantiement, Office of Technology
Assessment, U.S. Congress .

Temporary Advisor, World Health Organization, Health Impacts of Different Energy Sources

Temporary Advisor, World Health Organization, Health Effects of High-Level Wastes

U.S. Representative, International Atomic Energy Agency visiting seminar on Environmental
Radiation to Latin America '

Member Technical Advisory Committee on MRS, State of Tennessee

Consultant, High Level Waste Task Force, Sierra Club

Member, Institutional/Environmental Review Group, Crystalline Rock High Level Waste

_ Project, Battelle National Laboratory

Chairman, Radiological Health Section, American Public Health Association

Consultant, National Academy of Sciences, National Research Council, Committee on
Meteorological Aspects of Effects of Atomic Radiation

Consultant, Radioactive Waste Workshop, Sierra Club
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[ ] CHARLES FAIRHURST

Present

1995 - Present

1993 - Present

EDUCATION

B Eng (Mining Engmeenng, with First - Class Honours), 1952

Sheffield University, England

Ph.D. (Mining Engineering}, 1955
Sheffield University, England

EXPERTISE :

(2
Rock Mechanics .
Mining Engineering
PROFESSIONAL EXPERIENCE

T. W. Bennett Professor of Mining Enmnccrmg & Rock Mechamcs
University of Minnesota

Chairman of the Board, Itasca Consulting Group, Inc.
Minneapolis, Minnesota

Chairman, Peer Review to Atomic Energy of Canada Limited (AECL), on -
tbe Tunnel Sealing Experiment at the Underground Research Laboratory,
Pinawa, Canada '

Chairman, International Geomechanical Commission, invited by the
French Government to study the effects of underground nuciear tests in
French Polynesia on the stability and hydrology of the atolls Mururoa and
Fangataufa

Chairman, Working Group 4, Geosphere Modelling, for IAEA, Vienna, to
study radionuclide releases from French nuclear tests in the Pac1ﬁc

Member, Conseil Scientifique (Scientific Advisory Bua.rd) Laboratoire
Mixte CNRS/LCPC, Marne La Vallée, France, on the Application of
Mathematics and Physics to Civil Engineering
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PROFESSIONAL EXPERIENCE (continued)

1993 - Present Member, Conseil Scientifique (Scientific Advisory Board), ANDRA
(French Radioactive Waste Agency), France

1993 - 1995 Member, Committee on Technical Bases for Yucca Mounta.m Standards
U.S. Nauonal Academy of Sciences

1992 - Present - Member, Conseil Scientifique de G.38 (Scientific Advisory Board),
Groupement pour I'Etude des Structures Souterraines de Stockage
(Underground Waste Storage Group), Ecole Poiytechnique, Palaiscau,

- France

1989 - 1995 Vice Chairman, Board on Radicactive Waste Management (BRWM)
U.S. Natonal Academy of Sciences

1989 - 1996 Chairman, WIPP (Waste Isolation Pilot Project) Commirtee, Board of
Radicactive Waste Management (BRWM)

1988 Chairman, Second International Symposium on Rockbursts & Seismicity
in Mines, University of Minuesota

1987 - 1992 Member, Rauma Co. (Finland), Scientific Advisory Group

1986 - Present Senior Editor, Tunnelling and Underground Space Technology

198S - 1989 Member, Waste Isolation Pilot Project (WIPP) Advisory Panel, National '
Academy of Sciences

1985 - 1986 Member, Conference Steering Committee, National Science Foundation

Initiatives in the States Program

1984 - 1985 Member, NAK (Sweden) Advisory Board on the WP-Cave Radioactive
Waste Isolation Concept
1983 Member, U.S. Environmental Protection Agency Advisory Sub-

Committee on Radioactive Waste Isolation
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. PROFESSIONAL EXPERIENCE {continued)

1983 Chairman, Engineering Review Group, Crystalline Rock Disposal
Program, Office of Nuclcar Waste Isolation, Battelle Laboratory,
Columbus, Ohio

1983 Program Chairman, Subspace 83 Conference, Minneapolis

1982 Session Chairman, Subsurface 82, (UN. Workshop on Utilization of
Underground Space), Stockholm, Sweden

1982 - 1984 Chairman, National Science Foundation Advisory Sub-Committee on /—; -
Civil and Environmental Engineering {27

1982 - 1985 Member, Engineering Advisory Board, National Science Foundation

1981 - Program Chairman, Underground Space Conference and Exposition

American Underground Space Association, Kansas City

1980 Session Chairman, Sub-Surface Space Symposium, Sweden

1978 - 1980 Member, National Science Foundartion Review Panel, Division of Applied
Research _ '

1978 - 1980 Chairman, Committee on Rock Mechanics, American Society of Civil
Engineers

1978 - 1979 Member, National Science Foundation Review Panel, Division of Policy
and Analysis o

1978 Mcmbcr, Office of Science and Technology Policy Panel on U.S.

Radioactive Waste Management Program

Member, National Academy of Sciences/National Research Council Panel
on Savannah River (Nuclear) Plant

1977 - 1978 Member, National Science Foundation, U.S. Centrifuge Faéility Selection
Panel ' .
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PROFESSIONAL EXPERIENCE (coptin’ucd)

1977 - 1978

1977
1876 - 1977
1976 - 1986

1976

1975 - 1978

1975

1974 - 1975

1974

1974

1973 - 1974

1973 - 1977

1973

1972 - 1987

Member, National Academy of Sciences/National Research Council
Panel on Implementation Requirements of Environmental Standards

Member, U.S. Delegation to the Soviet Union (NSF/ADME)
President, American Underground Space Association
Senicr Editor. Underground Space, published by Pergamon Press, Oxford

Member, National Science Foundation Advisory Panel on Engineering
Mechanics

Member, National Academy of Sciences Board on Mineral and Energy
Resources

Chairman, National Science Foundation Workshop on Research
Opportunities in Mining

Chairman, Underground Construction Research Council, American
Society of Civil Engineers/American Institute of Mining Engineers

Program Chairman, 3rd International Congress on Rock Mechanics
(Denver)

" Member, Commission on Research, International Congress on Rock

Mechanics (Denver)

Chairman, National Academy of Science/National Research Council
Committee on Feasibility of Returning Coal Mine Wastes to Underground

Member, U.S. Geological Survey Advisory Panel on Earthquake Research

Member, Commission on Publications, International Society of Roclc
Mechanics

Head, Department of Civil & Mineral Engineering, University of
Minnesota ' :
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PROFESSIONAL EXPERIENCE (continued)

1972 - 1974 .. Chairman, U.S. National Committee on Rock Mechanics, National
Academy of Sciences
1971 . Member, AEC (Oak Ridge National Laboratory) Advisory Panel on

Radioactive Waste Disposal in Lyons Salt Mine, Kansas

Member, National Academy of Sciences / National Research Coungil
Advisory Panel on "Bedrock Disposal” (Underground Disposal of '

Radijoactive Wastes}
1969 - 1973 Chairman, American institute of Mining Engineers (AIME) Committee an
Rock Mechanics
1969 Member, National Academy of Sciences / National Rcséarch Council
Committee on Rock Mechanics
1966 - 1969 Member, American Society for Testing and Materials (ASTM), o
Subcommittee on Rock Mechanics g ) ™
1965 - 1966 Publications Chairman, Rock Mechanics Section, AIME (SME) - \ )
Transactions '
1963 - 1970 Corresponding Member. International Buro of Rock Mechanics (Berlin)
1962 - 1966 Director (one of two from U.S.), International Sociery of Rock Mechanics
: (Salzburg) '
1956 - 1964 Co-Chairman, Annual Symposia on Drilling and Blasting Rock Mechanics

1948 - 1956 Mining Engineer. National Coal Board, England
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(Irasca Consulting Group, 1981 - Present)

PROJECT EXPERIENCE : @ N
Charbonnages de France — Consuitant on coal humps in the mines of Lorraine and Provcnoe (1992 -

Present)

Spie Batignolles (France) — Member, Board of Experts, Guavio Hydroelectric Project (Colombia)
(1985 - 1989) ' .

Potash Mine Design, Mines Dominiale de Pota.sﬂe d'Alsace, Thaxla.nd (1981 - 1983)

Official Critic of SWCdlSh Radioactive Waste Disposal Program. Mimstry of Defensc Sweden
(1978)

Geotechnical Advising, Lawrence-Berkeley Laboratories, Berkeley (1978)

U.S. Army Corps of Engineers, R. D. Bailev Dam (1977 - 1981)

Potash Mine Design, Petrobras Mineracao Corporation, Brazil (1975 - 1989) o

Hydraulic Fracturing, Geothermal Encrgy, and Rock Blasting Studxes. Los Alamos Scientific
Laboratory, Los Alamos, New Mexico (1375 - 1981) :

Lunar Drilling and Rock Blasting Programs, Martin Marietta Corportation (1973 - 1975)
U.S. Army Corps of Engineers, Niagara Falls Preservation Project (1968 - 1974)
Rock Drilling Research [at various times for Holman Brothers (Comwall, England), Atlas Copco

AB (Stockbolm, Sweden), Tamrock (Tampere, Finland), HDRK Inc. Canada)); Tunncl I.Jmng
"~ Problems (at varjous times for Al Johnson Construction Company)
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PROFESSIONAL AFFILIATIONS AND AWARDS

American Instimte of Mining Engineers (AIME)
American Society of Civil Engineers (ASCE)
American Underground Construction Association (AUA)

International Society of Rock Mechanics E
" /’—

Slgrﬂa XI / ,ﬁ;ﬂg
U.S. National Comumittee on Rock Mechanics K P

Honorary Doctorate, University of Sheffield, England, 1997
Honorary Doctorate, National Institute of Lorraine (INPL), France.1996
Honorary Doctorate, St. Petersburg, Mining Academy and Technical University; Russia, 1996

President, American Rock Mechanics Association (1995 - 1997)
Advisory Professor, Tongji University, Shanghai, China, 1995
President, International Society of Rock Mechanics (1591 - 1995)
Member, U.S. National Academy of Engineering, 1991
Theodore W. Bennent Professor of Mining Engineering and Rock Mechanics (1991 - Present) |
E. P. Pfleider Professor of Mining Engineering and Rock Mechanics (1983 - 1991)
U.S. National Committee on Rock Mechanics Special Award
for "25 Years of Distinguished Achievements," 1983
Distinguished Professor of Mining Engineering and Rock Mechanics, University of Minnesota, 1982
Pergamon Medal, American Underground Space Association, 1981
Foreign Member, Royal Swedish Academy of Engineering Sciénces, 1979
AIME Outstanding Achievernenmt Award in Rock Mechanics, 1972
Inter-Society Commiree on Rock Mechanics Medal for Best Mechanics Research Paper

Published in 1970 (with B. Haimson)
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SELECTED RECENT PUBLICATIONS

“Insights on the Stability of Large Excavations from Analytical and Nurmerical Models” {with
C. Carranza-Torres and L. Lorig), Felshau, 15(1), 45-63 (1997).

“A Model For the Time-Dependent Behavior of Rock” (with A. A. Fakhimi), fnz. J. Rock Mech. Min.
Sci. & Geomech. Abser., 31(2), 117-126 (1994).

“Analysis and Design in Rock Mechanics — The General Context,” in Comprehensive Rock
Engineering, Vol. 2, pp. 1-29. J. A. Hudson, Editor-in-Chief. Oxford: Pergamon Press Ltd., 1993,

“Evolving Towards "Mechanics Based' Design Procedures in Geomechanics (Abstract),” in Proceed-
ings of the 1992 Rock Engineering Symposium in Taiwan (Tainan, Republic of China, December
1992), p. 1. 5.-T. Chen et al., Eds. Tainan, Taiwan: National Cheng Kung University, 1992.

C. Fairhurst. “Three-Dimensional Discontinuum Modeling for Underground Excavations” (with

L. Lorig), in Proceedings of the 1992 Rock Engineering Symposiurmn in Taiwan (Tainan, Republic

of China, December 1992), pp. 349-358, S.-T. Chenct al., Eds. Tainan, Taiwan: National Cheng

- Kung University, 1992. .

“Design of Excavations in High Rock-Stress Conditions,” in Rockbursts and Seismicity in Mines,
pp- 421-423. Rotterdam: A. A. Balkema, 1990.

“Micro-Computer Modelling and Practical Design/Monitoring of Large Underground Excavations,”
in Static and Dynamic Considerations in Rock Engineering, pp. 113-124. Rotterdam: A. A.
Balkema, 1990,

“Verification and Validation of Coupled Mechanical/Water Flow Effects in Rock Masses: Some
Possibilities and Limitations” (with R. D. Hart), in GEOVAL-87 (Stockholm, April 1987), pp.
527-545. Stockholm: SKL 1987.

“Compa:ison of Numerical Modeling with Predictions from Laboratory Tests and Field Observations
of Deformation in a Potash Mine in Sergipe, Brazil” (with Alvaro Maia da Costa), in Research and
Engineering Applications in Rock Masses, pp. 269-278. Boston: A. A. Balkema, 1985.

“Correlation of Numerical and Physical Models — An Approach to the Estimation of Rock Mass
Properties” (with P. A. Cundall), in Proceedings of the 34th Geomechanics Collaguium (Salzburg,
Austria, October 1985).

“Fuzzy Methodology in Tunnel Support Design™ (with Dezhang Lin), in Research and Engineering
Applications in Rock Masses, pp. 269-278. Boston: A. A. Balkema, 1985.
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“Rock Mechanics of Underground Excavations, General Report” (with B.H.G. Brady), in Pro-
ceedings of the Sth International Congress of Rock Mechanics (Melboume, 1983).

“Generalization of the Ground Reaction Curve Concept” (with E. Detournay), in Pmceedmgs of the
23rd U.S. Symposium on Rock Mechanics (Berkeley, August 1982), pp. 924-334. Littleton,
Colorado: American Insurutc of Mmmg Engineers, 1982

“Rock Fracture and Fragmentation, General Report” {with F. Comet), in Rock Mechanics From -
Research to Applications, pp.21-46. Cambridge, Mass.: MIT, 198]. ' :

“The Application of Mechanics to Rock Engineering ; (in French),” Revue F rangais de Géotechnigue
(Paris), No. 1-45F TTC, 18-36 (July 1977).

“Going Under to Stay on Top,” Underground Space, 1, 71-86 (July-August 1976). |

Dr. Fairhurst has somc 75 addmona.l publications and has supervised 20 Ph. D theses and over 20
M.S. theses. .
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Selected Publications _ /
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Reports

Fairhurst, C. “Optimization of the Rock Cutting Action of the HDRK-Wirth Hard Rock Continuous

Mining Machine (Final Report),” JCG, Report to HDRK Mining Research Lid., Rev. 1, April 1994.

Fairhurst, C.. and J. P. Tinucci. “Findings for Anglo American Corporation's Rockburst Mitigation
Program Review,” ICG, Report to Angio American, June 1992. ' :

Asgian, M., M. Christianson and C. Fairhurst. “A Numerical Method for Predicting Fracture Crater
Geometry for Simulation of Drill and Detach Excavation Methods,” ICG, Report 10 Tampella
(Finland), March 1984. : :

Fairhurst, C. “Comments on Proposed Finite Elements Modeling Study, Rock Mechanics Stability
Study,” ICG, Report to NAK/WP-Systems (Sweden), August 1984, _ :

Bergman, S. M., and C. Fairhurst. “Working Paper: The Utilization of Subsurface Spaée and its
Potential in Developing Countries,” ICG, Report to the United Nations Natural Resources and
Energy Division, Department of Technical Co-operation for Development, 1982.

Enirhurst. C. “Caleulation of Time-Dependent Rock Swell In the Vicinity of the Nine Mile Point
Unit 2 Reactor Excavation Over a 50 Year Period,” ICG, Report to Dames & Moore (New York),
June 1982.
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William J. Roberds

Education B.S. (with distinetion), Civil Engineering, Stanford University, 1973,
S.M., Gentechnical Enginesring, Massachusetts Institute of Technology, 1975,
sc.D., Geotezhnical Engineening, Massachusens Instinste ef Technoiogy, 1979.

Affliations  American Society of Civil Engineers (Geolcchrical Safeay and Reliability Commities).

International Socicty of Rock Mechanics. :
. Internarional Association for Civi Engincering Reliability and Risk Analyzis.
Society for Mining, Metallurgy, and Exploration. ' :

Experience .
1980todaic  Golder Associates : - Redmond, Washington
: Principal (previously Senior Geolechnical Engineer then Associdte), Senior Risk and
Decision Analyst, Manager of Systems Group) '
1979.1980  University of Tesas ' Austin, Texas
Instructor, Geotechnicol Enginecring - :
1976-1979  Massachusetts Institutz of Technology Cambridge, Massachusets
. Resecarch Assistant. Rock Mechanics _ : _ '
1975-197%  Geotechnical Engineers, Inc. ‘Winchester, Massachusetts
Senior Geotechnical Engineer o
1975 Duke University Durham, North Carolina
Instrucior. Geolechnical Engineering o .
1973 - 1978 Massachusetts Institute of Technology Cambridge, Massachusetts
Teaching Assistant, Geotechnical Engincering o .
19¥72-1974  Dames and Moore San Francisco, California
Geotechnicol Engineer : ' '
Professional Summary

Dr. Roberds is a Principal and Manager of the Systems Group at Golder Associates in Seatile, where he
has been for the previous 16 yeurs. He is a recognized iniernational expert in probabilistic risk and
decision analysis, with over 20 ycars of experience. He has becn responsibie for » wide range of local,
national, and international gestechnical projects relaied to various aspecis of siting, investigation,
analysis, design, pcrmilting, consiruclion, monitoring. remedistion apd decommissioning oft (a)
radigactive and other hazardous waste facilities; (b)<nal enginecring (rock slopes, tunnels, dams,
embankments, and foundatisis, on-shore and off-shorc); (<) mining enginecting (underground openings,
pit slopes, waste dumps, Liling dams. dewatering SysieTns. and buckfill schermes), and (d) water resoutces.
Many of these projects were conducted under strict QA programs and included consideration of public
safety, costs and cthcr copsequences, including associated nsks. On the topic of probabilistic risk and
decigion analysis. he 1s 1 mentber of national commiticss, has been invited to spcak 81 arious conferences
and 1o various public agencies (including various suuc and fcderal apencies), has presented pumercus




William J. Roberds

workshops, bas seved as a reviewer for various professional journals, was iovited 1o participate in a U.S.
National Academy of Sciences workshop and was a keynote speaker at an internationai conference. In
addition, he has published more than 40 papcrs and repons, has taught at scveral universitics and
previously worked for several other gmlechnu:al consuitants. Examples of relevant recemt project

experience includes:

ARCO Alaska
Conducted workshop regarding risk assessmem and risk management.

Waste Management Inc. North America
Probabilistic cost cstimates for remediation of iwo dozen Superfund sites (hroughout North America,
considering the unceriaintics in conditions, requirements and cost companents.

BioRad - California
Risk assessroent and decision analysis for disposition of contaminated jndustrial site.

Landfill Performance (EPA)
Deveioped model for probatilistically evaiuating performance (leakage) of lined landfill sysems.

Landfill Cover - Chemical Waste Management
Development of probabilistic model to evaluzte landfill cover designs, in terms of likely total life cycle
costs, considering possible failures (i.¢., risks) dne 10 uncertainties in static and dynamic conditions.

Dike Stability - Olin Chemical
Probabilistic analysis of swability of dikcs adjaccnt to river al hazardous wasie site. considering
uncertaintics in satic and dynamic conditions (i.., including scismic hazasd analysis).

Water Supply Moses Lake, Washington -
Probabilistic analysis of investigation, remediation and supply opiions for & contaminated water supply,
considering uncertainties in the current and future conditions and in the cost-cffectivensss af the various
alternatives, as inpul to 3 decision making framework.

Waste Disposal Facilities Worldwide
Design, characierization and probabilistic analysis of the performance of underground radicactive wastc
dispasal facilities for various clicats throughout the world (g, NRC, EPA, NTS, WIPP, Yucca
Mountain, BWIP, Salt. OCRD : US; NIREX - UK; AECL, Pt. Hope - Canads, NAGRA - Switzerland;
SKB - Sweden: PNC - Jopan; GSF - Germany), considering the uncertainties in site characterisiics and
futurs cveats.

New York Waste Facility New York
Evaluation of various design options for disposal of low level radicactive wasie, considering various
factors such as cost, safety, sociocconomics, clc.
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Waste Disposal System - US Congressional Commission
hnhhﬂhﬁ:anﬂyﬁs,dmemmmcqchmnmﬂmamdfmpmmﬁmwem
disposal systems, considering the unceriaintics in costs and durations of the various activites involved.

Mixed Waste Disposal - Westinghouse
Wmmmm:ﬂmmme&mndmmm
mnmmwmmnlpdmmhuup{mdnﬁm“mhﬂﬂL

Waste Disposal Reguiations _ United States
mammmwmmmwdmmmpmgnﬁmWﬁwmm
agencics (¢.g., NRC, EPA, DOE, EPRD).

Probabilistic Health Risks - US Army Corps of Engineers ' _
Assistance in development of probabilistic mmmmmmddhmminghdmﬁshm
the public resulting from specific contaminated areas at Hanford, Washington.

Dose Recnnltﬂi:tion - Battelle - PNL
wmmmmmmbilisﬁchqhhﬁskwn}hﬂmﬂ. Washington.

Underground Waste Disposal Facility - US Department of Energy

Development ofpuhnbilisticmaddmcvalunnhemmlymnmum(ﬁskﬂ of varicus sualcgics for
devcloping an underground wastc disposal facility, in tcrma of total life cycle costs, schedules, and facility
petfonnance, _ '

Tunnel Construction Storebaelt, Denmark
Probabilistic risk analysis for the construction of major subsea tunncls, in terms of additional costs,

schedule delays, workusafetyandmﬁmnmmmpaus,msidningampmhmsiwgtolfaﬂun .

modes and possible risk reduction strategies.

Tunnel Construction - CBM . Hong Kong |

Probabilistic risk anatysis for the consuruction of major subsca tunnels, in terins of schedulc clays, worker
sufety and surface subsidence, mnﬁdcrmgawmpmhuni\tsauffsilummudesaswll as sipgnificant
geologic uncertainties and current eperating procaduncs/contingencies.

Environmental Data Base - Sandia National Labs
dmhmwwmbmfumwﬁwmﬁmmnﬂmnﬂaimuﬁgmfw
specific nser-defined problems, including reviews of covironmental remedistion needs and capabilities in

Underground Test Facility - US Department of Energy
Pwhbﬂisﬁ:anﬂysiscfmmdwamamminﬂowlomumrgmmdleﬂfadﬁlydmhg
construction, considering the unccrtainties in geologic and hydrogeologic conditions as well a5
construction procedures. :
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Wismut ' ~ Germany
Decision analysis for remediation of urzninm mitl ailings, considering tradeoffs among various factors
including long-icrm health risks. .

Ok Tedi Mine -
Developed a probabilistic model and conducted pmbahilisﬁcﬁskamlysisamndamdwithnpcnﬁonuf

vaﬁomwumdisposalsymmapﬁonsfnralargcopcnpitcuppnrrnim,mmideﬁnglikdymﬂs,-

warker/public hazards, environmental udmimmnﬁ:impammlhneuﬁnmp'on.

Slope Stability North America
Conducied Tisk assessmem reganding siope stshility of open pit mincs throughout North America {¢.g.,
Barrick, Twin Buties, Kennecott/Bingham) : : -

LCOF T P
s

Golden Sunlight Mine ‘ Montana
MammmauddudshuamlyskmnmdondmmﬁngMM_mﬂhywﬁchm
experiencing mgjor failure, considering the uncertsinty in curremt conditions, the uncerainty in the
efectiveness of various options, and tradec(s among Various conssquEnceEs. .

~ Coal Mine¢ Subsidence Bellevue, Wuhingion_

Developed a3 probsbilistic madel and conducted probabilistic risk analysis associated with development

mmmmmwngpmmmmmmmwmmdm

likclycuslcfmmaldamgeandthelik:lymmhcfnﬁnjmcs.

Rio Algom Mines ' - . Canada
Developed a probobilisic model for evaluating the long term cffects (risks) of various opions for
decommissiohing 3 urniwn mine Lilings facility, considering the uncerintics in site conditions and
folure evenis (¢.g., StOrms, eic.).

Crown Mines South Africa
Developed a risk asscssment model for 3 proposed tailings dam in urban enviroament,

Mt. Isa Mine  Australia
Mﬂhﬂwd&wwmﬁmmmmwﬂmﬁngdmwm
backfill zchemes,

Territorial Gavernment Hong Kong

Dwdopdmahudologyfmmnduaingﬁskasmmandﬁskmmgmmfotmuﬂﬂops
throughomt Hong Keng. .

Rockfalls : ' ~ North America
Conducied probabilistic risk analysis for rock fally along various \Lransporation routes for various clients
{e.a. ODOT. City of Vancouver, Pitsburgh, METRO, US Farest Service, elc.), considering (he
pmhﬂbﬂitydis_tribuﬁonfurthenumbcrofmckﬁﬂlsandlh:ﬁkdymmeqmnfu:h,andlhc
effectiveness of design alternatives. '

Papui, New Guinea _
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North Carolina Department of Transportation ' North Carolina
Devcloped and applied probabilistic analysis procedures for rock slope gability anatysis and design, and
conducted 2 workshop in probabilisiic and decision analysis fof rock slopes {co-sponsored by the US
Federal Highways Adminisirstion).

CN Rail _ o ~ Canads
Candmdﬁskasmmammmmwsmdsidcamngvaﬁmmnmdhﬁmm
which included potentially significant public impacts. '

TLNG | | Trinidad
RisknﬂﬂmhnddskmgunemuudyforlpmpmﬂmﬁplﬂminTﬁniM _

Off-shore Platferm Lt . Gull-Canada
Probabilistic analysis of the sisbility of off-shore caisson-retained oil production facility in the Arctic,
cnmideﬁnzvaﬁnnsmmﬂalfaﬂmmodu:ndthﬂirﬁkdihmds. '

Selected References

MW.’MKM'AWR&MMMMWWWW
Slops in Hong Kong," accopned for First Iniematiopal Confcrence on Debris-Flow Hazanls Mitigaion:
mmmmma&mfmmmlm.

MW;MKH&'AWWMR&MMMW&M
Slope Landslides,” submikted far FUGS Working Group on Laodslides - Conpride: on Risk Assmsment
Watkghop, Hawaii, Febnusary 1997.

mw,-mmmmmsmm*mumdsm 19% Angual
mmw-mmmmmm.wmmnc.wlm

Roberds, W.. C. Voss, A, Avbick, C. Kunze, and F. Pelz, *"Multi-Attribute Decision Analysis of
Remediation Options for a Uranium Mill Tailings Impoundment in Eastern Germany. American Nuclcar
Society, homﬁmnflnmﬁnnﬂropiulmmgmmum Safety Asscssment (FSA '96) -
Maving Towards Risk Based Regulations, Pask City Utah, Scptember 29 - October 3, 1996.

mcamw_m-wmumﬁ?,mwmlm.

Roberds, W., G. Strayton, and J. Wates, "Risk Assessroent for CMR Tailings Dam Complex.” Proceedings
of the Third Intermational Conference oo Tailings and Mine Waste '96. Fon Collins, Colorado, January
16-19, 1996, Balkema, Rottesdam, 1996.

Roberds, W., Mﬁm report by Golder )
Wismaut GmbH, November 1995.

S

-



William J. Roberds

Roberds, W., Technical Risk Assessment and Decision Anolysis Study, repart by Golder 1o Trinidad LNG

Project, Houston, TX, Augnst 1995,

Goodale, B. A. Sutherland, C. Breeds, and W. Roberds, "A Detajled Comparntive Evaluation of Six-Low-
T.evel Wastc Dzsposal Mcthods,” Waste Management 98, Tucson, AZ, February 1995,

Roberds, W, "Decision Making Tools™ and "Unceruainty in Risk Assessment,” prescated at workshop in
Vancouver, B.C., November 1994, '

- Roberds, W., "Risk-Based Decision Making," presented at CIM District 6 AGM ‘94, 16th Ansual
Meeting, Vancouver. B.C., October 1994,

Kigine, T., W. Roberds, A. Cameron, and B, Forsyth, 'Tths:omebabﬂityamiMmBhﬁDum
in Nelson and Lavbach (eds), Rock Mechanics Modsls and Measurements Challenges from Industry,

Proceedings of the First North American Rock Mechanics Symposiam, Austin, TX, Balkema, Rotterdam,
Jone 1994.

Goodale, B., A, Sutherland, and W. Roberds, "Selecting a2 Piclerred Low-Level Radicactive Waste
Disposal Meihod for New York,” Waste Management 94, Tucson, AZ, February 1994,

Roberds, W,, "Probabilistic and Decision Analysis for Rock Slopes,* presented as past of NCOOT/FHWA
Rock Slope Enginezring and Decision Analysis Short Course, Raleigh, NC, August 1993,

Roberds, W., "Probability Training Workshop," presented to WIPP Integrated Disposal Decision
Alternatives Group, Albwquerque, NM, August 1993,

Roberds, W., *Comments on the Technical Basis for EPA HLW Waste Disposal Criteria,” in Proceedimgs:

EFRI MM ] - Technizal Basis for EPA HL W Disposal Criteria, EPRI R:pnn TR-100347, pp. 435-
471, March 1993,

Roberds, W, and A. DuCharme, “Evaluation of Girouting Technology DOE Perspective,” EPA Specitum
92, San anam CA, Noverher 1992.

Roberds, W., 'lnl:mwdﬂiskAmentandmskMamgmmm Minec Environmenta! Plaaning”
prescoted at SME Rjsk Asscssment/Management Issues in the Eavironmental Planning of Mines, St
Louis, MO, October 1992.

DuCharme, A., W. Roberds and R. Jimincz, "Matching Leading DOE Waste Management and
Envirormmental Restoration Needs with Forcign Based Technologics,” report prepared by Sandia National
Laboratories far US DOE - Office of Environmental Restaration and Waste Msnagement - International
Technology Exchange Program, October 1992,

DuChanne, A. . R Jiminez, and W. Roberds, “Intcrnational Techuoology Tramsfer 16 Support the
Environmenmal Restoration Needs of the DOE Complex.” Proceedings of the Nuclesr snd Hazardous
Waste Management international Topical Meeting - Spectcum 92, Boise, [D, August 1992.

Anderson, R.. W. Roberds, and D. Banton, *Decision Analysis Model for Well Rehabilitaion and
Groundwater Development,” ASCE Baltimore, MD, 1992.
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Roberds, W., W. Haerer, and D. von Winterfeldt, "Degision Management for the Hanford Environmental
Dose Reconstruction Project” invited paper, ANS/ASCE 1992 Laternational High-Level Radiocactive
Waste Management Conference, Las Vegus, NV, April 12-16, 1992

'mw..'mumcmmnAWMMSim-pmatusrommm .

Slope Engincering Workshop, Eugere, OR, March 1992,

Roberds, W., "Environmentat and Economic Risk Assessment/Management in Mine Development,”
invited paper, 1992 SME Annual Mecting and Exhibit, Phoenix, AZ, Febwruary 2427, 1992,

Roberds, W., D. Banton, and R. Anderson, "Decision Analysis Model for Groundwater Rehabilitation and
Development® paper presentcd at Northwest Watcr Resources Confersace, Pordand, OR, November 6,
1991. ) ’ '

Roberds et al, Project W-023 Landfill Hanford Site Liner  Performance Operating Life Study, report by
Golder to SAIC/Westinghousc Hanford, Richland, WA, Sepiember 1931,

Roberds, W., "Risk-Based Dccision-Making Regarding Mixed-Waste Disposal Systcms,” ASCE
International Symposium on Groundwater,” Nashville, TN, July 29-Angust 2, 1991.

Burke, K.. W. Roberds, and N. Norrish, "Phase 1 Design of 2 Slope Hazard Asscssment System for

Washington's Foresicd Land,” report by Golder w0 Washingron State Department of Natural Resources,
Jupe 1991,

Roberds. W.. *Methodology for Optimizing Rock Slope Prevemative Maintenance Programs.” ASCE
Gesotechnical Enginecring Congress, Boulder, CO, June 9-12, 1991.

Dershiowitz, W., W, Roberds, and ). Black * Application of Discrete Fracture Analysis to Site
Charscicrization,” ASCE Gentechnical Engincering Congress, Boulder, CO, June 9-12, 1991,

Roberds, W., L Miller and D. Culdwell, "Evaluation of Alicrnative MGDS Dcvelopment Strategics,”.
ANS/ASCE 1991 Intcrational High Level Radioactive Waste Management Conference, Las Vepas, NV.
May 1, 1991

Roberds, W., "Testimony 1o USNRC-ACNW an Expent Judgment,” January 1991.

Roberds, W. and D. Caldwell, Methodology for Eval ini: Alternative Licensing Suategics: Deve
and Demonstration of Methodology, repoft by Golder for USDOE, Washington, D.C., Novembey 1990.

Roberds, W., K. Haskell and W. Roberds, Feasibility Study for Landfill Cover Sysiems - Kettlemen Hills
Facility, roport by Golder 1o Chemical Wasic Management [nc., August 1990.

Roberds, W.J., M. Iwano, and HH. Einstein, ~probabilistic Mapping of Rock Joinl Surfaces,” in
Proceedings of Rk Joims, Regionul Conference of the Intern:uional Socisty for Rock Mechanics, T.oen,
Norway, June 4-6, 1990,

Roberds, William, J.. "Mcthods for Developing Defensible Subjective Probability Assessments,”
Proceedings of Transportation Research Board, Nutional Reseatch Council. Washington, D.C., January
1990. }
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Roberds, W.]., "Risk-Based Decision Making Regarding Mixed-Waste Disposal Systems,® Chapter in
McTernan and Kaplan (eds), Risk Assessment for Groundwater Poliution Control, ASCE, April 1990.
Roberds, W, and W. Dershowitz, "Stralzgics for Hydmilic Chamacierization of a Repository Sile in the

Opalinus Clay and in the Lower Freshwaler Malasse, Task 11 Methodology for Evaluation of Exploration
Siralegics," repon by Golder Associates Ing, to NAGRA, NTB 90-36, Baden, Switzerland, 1950.

Dershowitz, W., J. Black and W. Roberds, "Strategics for Hydraulic Characterization of 2 Repository Site

in the Opalinus Clay and in (he Lower Freshwater Molasse, Task 4: Evaluation of Exploration Stralegies
for the Lower Freshwater Molasse and Opalinus Clay,” report by Golder Associates Inc, 1o NAGRA, NTB
90-39, Baden, Switzerland, 1990.

Roberds, W., C. Breeds, and J. Bymne, Evaluation of Allernative £SF Shaft Constggggn Methods and
__Mfe_rm& report by Golder to USDOE, August 1989.

Dershowitz, W., C. Breeds, W, Roberds, and 1. Miller, mmw
report by Golder to Monitored Retrievabie Storage Review Commission. Washingion, D.C., June 1989,

Roberds, W,, System Performance Assessment Approach fof Mmed Wgste Disposal, repont by Galder
Wesnnghmase, February 1989,

Roberds, W. and I. Miller, The LF Landfill Refiability Computer Modgl, Pan I;__Theory, drm rcport
submitted by Goider Assncistes 1o U.S, Environmental Protertion Agency, Cmcmnau. OH, December
1988.

Ml“l:l’ L and W. Roberds, The LF Landfill Reliability Computer Mode], Pant 1: General Desctiption,
drafl report by Golder Associates to U.S. Environmentsl Protection Ag:m:y Cincinnati, OH, Nevember
1988,

Roberds, W., "Relisbility-Bascd Design of Mine Dewatering and Ventilation System,” in Proceedings of
Symposium on Reliability-Based Design, in Civil Engincering, Lausanne, Switzerland, lulv 7-9, 1988,

Roberds, W., Manua! for Condugting Subjective Probability Assessments, draft internal report by Golder
Associatex Inc,, Redmond, WA, Apnl 1983.

Roberds, W.. Groundsiater and Methane Infiow_Study for the BWIP ESF at Hanford, wg-w by
Golder to BWIP- Westinghouss Hanford, SD-BWI-DER-001, December 1987.

Roberds, W., Performunce Assessment Plan for the Basalt Waste Isolation Project, report by Golder 1o
BWIP- Westinghouse Hanford, SD-PAP-00I - Rev 1, August 1937..

Roberds et al, Draft Underground Tegt Plan for Site Characterizauion and Testing in an Exﬂoratog S!l_gg
Facilitv in Salt, rcpon by Goider 10 ONWI-Banetje, Columbus. OH, May 1987.

Roberds, W. et al, “Prohsbilistic Analysis and Decision Making in the Applied Earth Sciences,” short
course presenied by Geotechnical Group of Seatte Scciion of ASCE and the University of Washington,
Seate, WA, April 1987,
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Kalia, H., W.]. Roberds, and R.]. Byme, "Coupled Processes Addressed by Underground Testing for the
Salt Repository Project,” in Coupled Processes Associated with Nuclear Waste Repositorics, Tsang (ed.),
Academic Press, 1987,

Roberds, W.J., and D.L. Pentz, "Applications of Decision Theory 1o Hazardous Waste Disposal,” paper
prescoted at ASCE specialty conference GEOTECH IV in Baston, MA, October 1986,

Roberds, W.1., "Risk-Hased Decision Making in Gentechnical Engincering: Overvicw and Case Studies,"
paper prescnted st Enginccring Foundation Conference on Risk-Based Decision Making in Water
Resources, Santa Barhara, California, November 3-8, 1985. '

Roberds, W.J.. RL. Plum, and P.J, Visca, Proposed Methodology for Completion of Scenario Analysis fot
the Basat Waste Isolatjon Project. Report No. RHO-BW-CR-147P, by Golder Associates Inc. to Rnckwell
Hanford Operations, Nevanber 1984,

Pemz.D.L.JW Voss, R. Talbot, and W.J. Roberds, P Mg&Et_lgnecmdBammmD_ug
itorics fer High Level Nuclear Waste - Vo umma

Final Repont (Task 5), NUREG/CR-4026, final report by Golder Assncmu Inc, to US Nuclmr

Regulatory Commission, Scptember 1984,

Roberds, W.1.. "[n Situ Testing Requireinents for High Level Nuclear Wasic Desp Gealogic Repositories,”
in Field Msasurements in Creomechanics, Kovari (ed.), A A. Balkema, Rotierdam, 1984.

Roberds, W.1_, J. Voss, and D. Pentz, Technical Revicw on the Site Charmacrization Report (SCR) for the
Basaly Wasie Isalation Proiect (BWIP). final rcport by Gelder Assaciales ine. to Siate of Washington,
April 1923

Roberds, W.J,, J, Kleppe, and L. Gonano, Eveluation of Engineering Aspects of Backfill Pleccment for
High Level Nuclear Waste (HLW) Deep Geologic Repositories, NUREG/CR-3218, final report by Golder
Associgtes Inc. to U8, Nud:arRegulamComuumFebm.ry 1983,

Roberds, W.J., et al, In Situ Test Programs Rejaied to Design and Construction of High-Level Nuclear

Waste (HLW) Deep Geologic Repositories, 2 vols., NUREG/CR-3065, final report by Golder Associates
Inc. to U.S. Nuclear Regulatory Commission, November 1982,

Rawlings, G.. G. Antonnen, M. Chamness, R. Hoffmann, W. Roberds, et al, [deptifiqotion of
Characicristics Which Influence Repository Design - Domal Salt, NUREG/CR-2613, final report by
Golder Associates inc. to U.S. Nuclear Regulatory Commission, March 1982,

Rawlings, G.. G. Antonnen, D. Findley, R. Hoffmann, C. Seto, J. Rowe, F. Marinelli, W. Roberds, D.
Pentz, and K. Jones, Identification of Characieristics Which Influence Repository Design - Tuff

NUREG/CR-2614, final seport by Golder Associates Inc. 10 U.S. Nuclear Regulazory Commission, March

1982.

Robuds. W.]., "Risk Asscssment Mcthndolugy for Geclog:c Repository of High chc! Nudw Wastc,” m

Level Radioactive Wasie. NUREG/CP-0022, Oak Ridge National Laboratory, Tcnncssec. March 1982,
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White, L., D.L. Pentz, W.S. Dershowitz, and W.J. Roberds, "Decision Analysis for Geologic Repository
Development and Licensing,” in Proceedings, International Conference _on__Radioactive Waste
Management, Winnipeg, American Nuclear Society, 1982.

Rebeerds, .., Numerical Modeling of Jointed Rock, S¢.D. thesis submitted to Massachuseas Instinne af
Technology, August 1979,

Robers, W.1., “Numerical Madeling of Rock Jeints," in Procecdings of the 20th US. Svmposium oo
B,ELM‘.E!L—M“- Austin, Texas, June 1979, _ ‘ :

Robesds, W.J, and HH. Einstein, *A Comprehensive Modzl for Rock Discontinuitics,” Joumal of the
m@_@mmmmurwsmvu 104, No. GTS, May 1978.

Roberds. W.J. and HH. Einstein, A General’ Puifsise Elagto Visco-Plastic Critical State Behavioral
Model, M.LT. Research Report R77-8 1o the National Science Foundation, Massachusatts Ingtitne of
Technology, Cambridge, Massachusetts, March 1977 ;

Roberds, W.I,, A Concepiual, General Purpose, Elastic-Plastic-Critical Statc Behaviorai Model, S.M.
\hessis submitied 1o Massachusetts Institute of Technology, Scptember 1975,

Plus numerous other presentations, workshops, and corporste tepons on high level nuclear waste pru_]cl:ﬂ,
system/risk analysis (for nuclear and Lazardous waste projects and for civil/mining slope prejects), and .
geotechnical {civil and mining) projects.
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Biographical Data
Patrick Anthony Domenico. Professor
Department of Geology
Texas A & M University. College Station, Texas 77843

PERSONAL DATA:

Birthdate: January 10, 1932

Marital Status: Married

Social Security Number 095-20-8873

EDUCATION; - ,

B.S. in Geology. Syracuse University, 1959 {Cum laudc)

M.S. in Engineering Geology, Syracuse University, 1963 (Interdisciplinary
Program, Civil Enginecring.and Geology). Thesis: Ground water
hydrology of the Edmonton Formation in Central Alberta. supported
by Alberta Research Counci. Edmonton, Alberta. Canada

Ph.D 1n Hydrology, University of Nevada at Reno, 1967. intcrdisciplinary
program, Geology, Civil Engineering. Economics) Dissertation: Valuation
of a ground water supply for management and development

EXPERIENCE

Graduate Teaching Assistant. Syracuse University, Syracusc University.1959-61 .-~
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L

Assistant in Hydrology. Alberta Rescarch Council, summer. 1960 Y

Engineering Geologist, Dept, Water Resources. State of California, March 1862
to February, 1962. Enginecring geology for dam sites,power plants, and
other englacering structures assoclated with the Feather River Project.

Rescarch Assoclate in Hydrology: Desert Research Institute, University of
Nevada. February 1962-September. 1968. Teaching and research in ground
water hydrology. with cmphasis on simulation and optimization

Professor of Geology, University of [linols at Champaign-Urbana. September
1968 to 1982. Teaching and research in ground water hydrology with
cmphasis on mass and cnergy transport in porous media

David B. Harris Professor of Geology, Texas A & M University, College
Statidn. Texas, Scptember 1982 to present. Teaching and research
in ground water hydrology. emphasis on mass, energy. and
coniaminant transpert in porous media
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PROFESSIONAL AWARDS

Reclplent. Melnzer Award. distinguished cantribution (paper) to Hydrogeology
1979, Geol. Sec. America o

Reciplent, Alexander Wincheli Distinguished Alumni Award, 1980 Syracuse
University :

Reclplent, Basls Research Award (paper). 1983, U.S. National Comruittee
for Rock Mechanics

Recipient, Excellence in Sclence and Engincering Award (book). 1991.
Association of Ground Water Sclentists and Englnecrs

Reclpient, Distinguished Teaching Award. College of Geosclence, 1986,
The Assoclation of Former Students of Texas A & M

Reclplent. Faculty Distingulshed Achlevement Award In Teaching, 1989,
The Assoclation of Former Students of Texas A&M

PROFESSIONAL RECOGNITION | ’%
Assoclate Edltor, Water Resources Research (not current) K_ o
Assoclate Editor. Geology (not current)

Associate Editor, Geol. Soc. Amer. Bull. (not current}

Editorial Board. Journal of Ground Water (not current) ' .

Birdsall Distinguished Lecturer in Hydrology. 1981-82. Geol. Soc. America

Visiting Lecturer, Unlv. of Indlana, Spring 1965. Initiatc a teaching and research
Program in ground water hydrogeology ' )

Visiting Lecturer, Pennsylvania Sate Univ.. 1970. two week of seminars on
optimization techniques in ground water hydrology

Visiting Scholar, Westcimn Michigan Univ.. 1893, Will deliver Public Plenary
Lecture

nvited spcaker or discussion lcader. Penrosc Confercnces on hydrogeology.
1973; 1974, 1975. 1976.1984.

Co-convencr of Penrose Conference on “Flow and associated transport in basins:
Driving forccs. coupling. and geologic controls, 1991, Bodega Bay- CA.
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PROFESSIONAL RECOGNITION (CONTINUED!

Participant. Natlonal Science Foundation Uranium Mill Tallings Study
. _ Panel, 1984-1985

participant, Planning workshops for Hydrology Volume for the Decade of
North American Geology (DNAG Series), 1983.

Two papers singled out for reproduction in »Benchmark Papers in Geology™,
1883, one in Physical Hydrogeology. V- 72. another in Chemical

Hydrogeology, v. 73

Published paper (Alternative boundarics in solid waste management,
Groundwater, v. 20, p. 303-311) cited in congressional record and utilized by

EPA in hazardous wasie delisting _
presidential Appointment (Presidicnt Bush) to'the U.S. Nuclear Waste
Technical Review Board, 1991-1994

participant, National Academy of Science panel on assessing the future value
of ground water (1994-1996)

OTHER ACTIVITIES

Reglstered Engineer, State of Nevada
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Domenico, P.A., and Stephenson. D., 1964, AP lication of quaatittive mapping

techniques 1o aid in hydrologic sysicms analysis of uvial aquifers: Jour. Hydrology. v:
2. p. 164-181. .

JMAJOR PUBLICATIONS '

5 _Domenico, P-A. and k. G. 1964, Elecic analogs ia time cclement studies: Jour.
na. - . ) ’

lo.

11.

A2,

13.

14.

Soil Mechanics, ASCE Proc., ¥. 99, 1o SsM3, p. 335

Domenico, P.A-, and Mifflin, M., 1965, Water from jow-permezbility sediments and
land subsidence: Wheter Res. Research, v. i, no. 4, P 563-576. Reprinted in
Benchmark Papers in Geology, v- 124 Physical Hydrologys Freeze and Back, 1983,
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THESIS SUPERVISION

Groundwater hydrology of Iroquois Couaty (M.S.) A Hagdan

An jovestigation of the effiects of modified sTeam flow of the Ssngaman Rivec on the
adjacent flood plain (M.S.) Arncae Pricc

Cross sectional gmuridwatcr flow model of the Shefficld luiﬁois low level radioacuve

_ waste disposal site (WLS.) Lezh Rogers

6.
1.

g.
9.

10.

1.

12,
13.
14.

15.
16.
17.
18.

19.

20.

Groundwater flow and autrient uptake in Las Vegas Wash, Las Vegas Valley, Nevada
M8 A. Schmidt .

Pffect of shaliow groundwater flow gystems on rock and soil {cmperalures (Ph.D) K.
Cantwright
Digital simulation of an outwash aquifer in Nova Scota (‘Ph.D.j L Lin

~ Digital simulation of hydmchemical patlerns in regional ground-wates flow (Ph.D.)F.
Schwar . ' :

Finite clement approach 0 modeling hydrothermal Fysiems (PrD} . Mareet

‘lsmﬁgmion of encrgy tanspont jn thick sequences of compacting scdiment (Ph.D) J.

The Long Istand groundwatet reservoir - a case swdy in anisogopic flow (Fh.D) R,
Goen

Finite clement modeling of sait water ingusion, Hermosillio, Mexico (Ph.D.) R.
Andrews

Digital simulation of compacton PhD)YX. Chia
Hydrogeology of the 150n Juan Basin, A Dy Valley in Antarctica, (PhD}H Harris

Fluid and enesgy wansport in a high level radioactive waste repository located in
unsaturated alluviuin (Fh.D) D. Pollock

Detcrmining dispersion cocfficicnts froma Jandfill leachale Plume MS) S. Sorauiman.

" Ficld determination of dispersivicy of comingling plumes 4S) V. Kelley.

A Preliminary asscssment of the regional dispersivity of the Hanford Basalts .8). A
Lavenue

Determination of gispersivides from 2 natural gradient dispersion 165t (@M..S.). Caroline
lHoover. : .

Deicnnination of gansport paramclers from coincident chioride and (rivum plumes at the
Idaho Nadonal Enginces Labwatel M.S). A Fryar. _

Transpott parametcl determination and modeling of sodium and strontium plumes at the
1daho Navonal Enginecring Laboratory (M.5.)- ], Londergan.
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21. Parameicr determination and transport modeling of coincident inorganic and organic

plumes at the Savannah River Plant ™.Ss). T. Cauffman

22. A post moriem performance agsessmeant of a high fevel radicactive wastc repositing.
Handord Site, Washington (M.S.) RH. Petrini.

23,  Theeffeet of multple source Joading on the Serermination of transport paramelcrs MS)
D.W. Hankias.

24. Investigation of leaking underground storage tanks in the Texas Gull Coast Region:
Lcgislation, Charmacierization, and remediation (M.S.)- D. Upten.

25,  Computer adaptation of an {nverse solution technique to the analytical contaminant

transport equation (M.S.) Timothy Dale '

e infiltration rate and the hydraulic conductivity

26. Simulated effects of changes in A
scucture on the location and configuration of the water tzbic at Yucca Mounuin, Nevada

(MS.) N.Jasck

27.. Aninverse analytical 1echaique applicd 10 solute
Base, Cape Cod, Massachusclts (M.S) N. Al

transport observanons at Quis Air Force

28.  Determining dispersion parameters 10 predict ground water contamination (Ph.D} G-

Robbins

29. A theoretical approach for assessing the role of rock and fluid properes in the
development of abnormal pressures (M.S.) T.Hastngs ' _

30.  Detcemination of the transport parammcters and construction of the salt water conccAtralion
contour map for the Bruaswick, Georgia plume (M.S) J. Mersky

31. A solute transport model clibration procedure 38 3p licd 10 a witium plume in the
Savannzh River Plant F area, South Carolina M.5.} D.E wards

ad -
17,  Ananalysisof the connectivity of two dimensiondfracnure pauerns 2t Yucca Mounmun,

Nevada (M.S.) H. Mcinardus
33. Application of maltidirensicnal analytical
tar derivatives (1.5) Youn Sim

u:anspox:t.mdc]s o coal
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'34. An Inverse analytical technique applied to chloride contamination of
ground water at Indian School and Levering sites. '
Michigan (H. Shumway) M.S.

35. Modeling the reactive inorganic solute distributions of the Hanford
Stte using inverse analytical modeling techniques (M. Adamski) M.S.

36. Development of source functions for modeling dissolution of residual
DNAPL fingers in the saturated zone (B. Johnson} M.S.

37. Quasi three dimensional ground water modeling of the hydrologic
{nflucnce of Paleozolc rocks on the ground water table at Yuceca
Mountain, Nevada (St Yong Lec) M.S..
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PARTIAL LIST OF PROFESSIONAL AND CONSULTING ACTIVITIES Q o

Engineering Geology and Deep Well Dewatesing Design

l(.a.gnsd‘subsidcncc in Las Vegas Valley in relation to the proposed Interstate Highway 15
1964)

Enginecring geology of Nevada Power Company Plant, Moapa Yalicy, Nevada (1965)

Deep well dewatering design for the Reno-Sparks Iatercepling Sewer (1966); the wet
scction of the San Fernando Tunnel (1968); Rock Creek Tunnel (1970); Milwaukec
Sewer Tunnel (1971); and the Esllirp “Tuanel Project {1975). ' .

Groundwater Supply

Optimization and simulation for groundwaler management of the salt watcr intrusion
zone, Costa de Hemmosillo, Mexico (1974- 1975) )

Groundwater supply for agriculiure development, Work Bank Small Scale Agriculturc
Infraswucture Project, Appraisal Mission, Mexico (1978) :

Groundwater supply for proposed nuclear pawer plant, Mason Valley, Nevada (1965);
Nevada Power Company Plant, Moapa Valley, Nevada (1965); Agrochemical Company,
Florida (1973); and proposed utilization of southern Florida salt watee zone fof cooling

purposes (1975)
Geothermal

Well design and technical specificaons for hot water wells, Siema Nevada foothills,
Nevada (1967)

An cvaluation of the theqmal pressurc producing mechanisms, Dome Fauit arca, Utah
(1975) i _ '

Environmeatal

Potential impact of surface mining on the qualiry of surface and groundwater resources in
Knox County, Minois (1978) '

impact of Maliard Lake Landfill on groundwaieT quality, Chicago. Illinois (1979)

Dewalcring requirements and cnvironmental considcratons for underground storage in
the Galena-Platteville carbonate rock system, Elmhurst-Chicago quarty (1979)

Polcntial impact of vtlizing Silurian dolomitc as 2 tnedium for a sanatary landfill, Chicage
{1979) .

Pancl revicwer fof geologic studies. Nevada Nuclear Waste Siorage Program (1979)

Panel fevicwer for hydrologic swudics, Basalt Nuclcar Waste: lsolation Program.

~ Richland, Washington. {1979
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Development of contaminant transport models for solid waste facilities,
Edison Electric Institute (1979)

Assistance 1n developing mass transport models for solid waste facllities,
DuPont Chemical Co, (1980)

Site investigation and rcmedial design. leaky underground storage
tank, South Texas. E

Performance asscssment of domal salt as a reposttory for solidifled
hazardous wastc, North Dayton Dome facility, Texas

Performance assessment of domal salt as a reposttory for hazardous
waste. Boling Dome facllity. Texas. '

Review of no migration petitions (ive ycars), EPA, Chicago

Consultant to Oak Ridge Nat. Lab. on matters of hazardous waste and
remediation measures

Consultant to Municipality of Waterloo, Ontario, Canada, on matters of
ground water supply and contamination control. (Current)

F.id

Consultant to legal firms fnvolved in hydrocarbon leakage from major tank

~farms, Albuquerquc, NM and Austin, TX (current)

Consultant to legal firms concerned with migration of hazardous waste from

& hazardous waste facllity, San Diego, CA. (current)
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Drez Environmental Associates
8816 Cherry Hills Road, NE
Albuquerque, NM 87111
(505)-828-9857

Professional Qualifications

Dr. Drez is a geochemist with over 19 years of post-graduate professional experience interacting with

both government and private industry. In his current function for Roy F. Weston/ASI, Dr. Drez'is

a Senior Consultant to DOE on technical aspects of the WIPP Project, particularly in the area of
radioactive waste inventories. The major accomplishments of Dr. Drez for the WIPP Project
includes the following: Primary author of the Technical Needs Assessment Document to define the

technical data needs of the Gas-Generation and Source-Term Programs; Chairman of the:
Independent Peer Review Panel and Primary Author for Revision 4 of the WIPP Waste Acceptance
Criteria; and Project Manager and Primary Author of the Safety Analysis Report for the TRUPACT-
II package designed to transport waste to the Waste Isolation Pilot Plant (WIPP) in New Mexico.

Dr. Drez was also technical manager for the Engineered Alternatives Task Force and was a primary
author on the No-Migration Variance Petition and the WIPP Waste Characterization Program Plan.
Dr. Drez is a DOE technical expert for TRU waste forms present across the DOE complex and has
been the technical lead for developing the WIPP Transuranic Waste Baseline Inventory Report
(currently issued as Revision 3), which defines the wasie inventory for all WIPP-related documents
to regulatory agencies. |

Education

Ph.D., Geochemistry, University of North Carolina, Chapel Hill, North Carolina; 1977
B.S., Chemistry, Old Dominion University, Norfolk, Virginia; 1969

Registrations/Certifications , o
DOE Q Clearance, Inactive

Experience and Background

1992 - Consultant, Drez Environmental Associates, Albuquerque, New Mexico. As an

Present Independent Consultant, Dr. Drez's main contract is with Roy F. Weston/Advanced
Science, Incorporated for support to the WIPP DOE Carlsbad Area Office (CAO).
Dr. Drez's responsibilities under the contract inctude: ' :

®  Technical lead on the development of the Transuranic Waste Baseline
Inventory Report (TWBIR), which is the first document to ever define all
transuranic waste in the DOE system in terms of waste streams and the
physical/chemical composition of the waste streams. The TWBIR is the
document that defines the transuranic waste inventories in all documentation
sent to regulatory agencies supporting the compliance applications to open
WIPP for disposal of transuranic waste by June 1998.
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®  Support DOE-HQ in development of the Programmatic Environmental Impact
Statement (PEIS). This effort includes the definition of alternative treatment
PN and storage options for transuranic (TRU) and mixed-TRU (MTRU) wastes

T T
-
s
¥

\"_"{.}g __ based on previous experience in TRU programs, development and justification
L for source terms to be used in PEIS risk assessment evaluations. '

e  Support DOE-HQ for modification of the Interim Mixed Waste Inventory
Report (IMWIR) and comparison of the IMWIR data with that previously
published in support of the WIPP compliance activities. The activity includes
comparison of the IMWIR report with the Integrated Database for consistency;
docurnenting ‘inconsistencies in data and recommending changes to the
questionnaires in support of resolving the inconsistencies.

®  Technical manager and primary author of the "Gas-Generation and Source-
Term Programs: Technical Needs Assessment for the Waste Isolation Pilot
Plant” document (TNAD). The TNAD revises the scope and technical
approach of the GGP (as originally developed by Sandia National
Laboratory/New Mexico) and defines the STP. The TNAD will be submitted
to external regulatory agencies as technical justification of the GGP and STP
that are defined in the revised WIPP Test Phase Program.

e  Member of the Rocky Flats Plant(RFPYWPIO Efficiencies Working Group.
This group is evaluating several options for the disposition of plutonium-
bearing residues currently in storage at RFP. Dr. Drez's function in this group
is to evaluate each type of residue (over 100) for changes in waste form or
packaging that would allow greater quantities of the residues to be shipped in

TRUPACT-IL
1988 - Senior Technical Associate and Group Manager, Waste Characterization, International
1992 . Technology Corporation (IT), Albuguerque, New Mexico. As Manager of the Transuranic

and Mixed Waste Assessment Group, Dr. Drez managed a staff of 12 scientists and
environmental engineers providing waste characterization support to the ten DOE
TRU waste generator/storage sites, including the Rocky Flats Plant, Oak Ridge
National Laboratory, Hanford, Savannah River Plant, Los Alamos National
Laboratory, and others. For the WIPP, Dr. Drez has been a major contributor to
several concurrent R&D programs including the Engineered Alternatives Task Force -
(EATF), Performance Assessment, Final Supplement Environmental Impact
Statement (FSEIS), No-Migration Variance Petition (NMVP), Five-Year R&D Test
Plan, and licensing of the TRUPACT-I and remote-handled- (RH} waste
transportation systems. His recent activities have inciuded the following:

e  Member of the DOE Bin Preparation Task Force established to oversee
preparation of the experimental waste for the WIPP. Dr. Drez was a primary
author of the Pretest Waste Characterization Program Plan, applicable to the
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characterization of this experimental waste. This document will also serve as

a template for future waste characterization activities at DOE sites.

Appointed by DOE as Technical Director for the EATF, which was organized
to develop and evaluate engineered alternatives that could be implemented to
help demonstrate compliance with 40 CFR, Part 191 (Performance
Assessment) and 40 CFR Part 268 (RCRA No-Migration Variance Petition)
at the WIPP facility. The aiternatives considered could be applied to the waste
form, the repository underground design, or passive marker systems emplaced
at the surface of the facility. Each alternative was assessed for technical, siting,
and permitting feasibility; cost factors; how it would affect the WIPP schedule;
and transportation issues. Each proposed alternative was evaluated for
compliance using deterministic models developed by the IT-Albuquerque
office in support of the EATF. The program represented a 12 man-

- month/month effort over 24 months with a budget of $3.2 million.

Responsible for initial application of extensive work on TRU waste (e.g..
Engincered Alternatives Task Force and Waste Acceptance Cntena) to low-
level and low-level mixed waste for DOE-HQ.

Dr. Drez was Chairman of the Independent Peer Review Panel (IPRP) that |

revised the Waste Acceptance Criteria (WAC) for WIPP. Revision 4
consolidated ail known criteria into one concise document, including
transportation, RCRA, PA, and state of New Mexico requirements.

Technical Director and Project Manager for ail waste characterization studies
in support of the Safety Analysis Report for Packaging (SARP) to obtain a

Certificate of Compliance for the TRUPACT-I shipping container for .

transporting contact-handled transuranic (CH-TRU) mixed hazardous waste to
the WIPP site for disposal. Dr. Drez was the primary representative for DOE
and Westinghouse (prime contractor) at pre-SAR meetings and post-SARP
hearings on the TRUPACT-II with the Nuclear Regulatory Commission. The
Certificate of Compliance for the TRUPACT-II was awarded in August 1989,

Dr. Drez continued to coordinate work on amendments to thc TRUPACI‘-]I

SAR.

Technical Director and Project Manager for all waste characterization studies

on payload issues for the SARP to obtain a Certificate of Compliance for the
72B cask to ship RH-TRU mixed hazardous waste to the WIPP site for
disposal.

Technical Advisor to Westinghouse, DOE, and nuclear waste generator sites
on waste characterization and testing methods to meet NRC and EPA
regulations.
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e  Characterization and definition of the first-ever TRU waste inventory of
radionuclide and nonradionuclide —constituents for Sandia National

- ",
i \
3

i Laboratories.

e  Extensive experience in writing test plans to address technical problems by
identifying the issues, formulating tests to gather pertinent data, and offering
techniques for the evaluation of data to resolve the issues.

1986 - Senior Geochemist, International Technology Corporation (IT), Abuguerque, New Mexico.

1988 Dr. Drez was an active participant in the WIPP performance assessment project,
modeling of deep well injection fluid interactions, and gas generation studies of
mixed-hazardous waste for transportation and disposal.

e  Technical presentations before the National A;:ademy of Sciences in support
of WIPP performance assessment for Sandia National Laboratories and the
DOE.

e  Technical Consultant on mobility of uranium in surface soils and subsurface
ground waters at the Fernald site. Specification of sampling and differential
leaching techniques to characterize mobile uranium fractions in samples.

e Integrated organic-metal complexes into geochemical modeling programs
(EQ3/6 and PHREEQE) to predict the effects of organic ligands on metal
speciation and mobility, and the stability of minerals.

e  Geochemicaily modeled the effect of hazardous waste streams in deep injection
wells on porosity development, mineral stability, and the integrity of the
confining shales. '

e  Modeled the transport and fate of dissolved aqueous constituents, including
radionuclides and organics, from point source discharges into ground waters
and brines. ‘ : -

e  Developed and implemented a test plan for Transportation Acceptance Criteria
(TAC) to evaluate the gas generation potential of mixed-hazardous waste
drums and boxes during shipment to the WIPP site. -

e . Evaluated analytical data and interacted with contract laboratories on
modifications and/or substitution of analytical techniques to obtain accurate
data on samples with unusual matrices.

e  Estimated decomposition products and gas generation potential from the
breakdown of mixed-hazardous waste due to radiolytic, bacterial, chemical, .
and oxidation processes.
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1985 -
1986

- 1980 -

1985

e  Manager of multiple projects concerned with various aspécts of collection,
interpretation, and integration of geochemical data and modeling results into
. deliverables. ' '

Research Specialist Geachemist, Reservoir and Facies Division, Exxon Production Research
Company, Houston, Texas. Coordinated multidivision effort to evaluate the
importance of organic acids in diagenesis of clastic sediments, incinding the design
of hydropyrolysis and hydrothermal solubility experiments.

e  Incorporated metal-organic acid complexes into thermodynamic chemical
equilibrium program (EQ3/6) to improve oil reservoir quality and secondary
porosity prediction. Demonstrated that metal-organic complexes destabilize
secondary clay development. First application to clastic diagenesis. '

®  Detected unusual surface geochemistry and alteration mineralogy patterns from
brine and hydrocarbon "microseepage” above deep petroleum reservoirs.
Recognition of electrically resistive silicified zones in near-surface over
hydrocarbon “chimneys” due to interaction between brines and tuffaceous
sediments.

Research Specialist Geochemist, Geologic Research Department, Exxon Minerals Company,
Houston, Texas. Coordinated application of exploration geochemistry to minerals
exploration and production. Directed laboratory and field studies for mobility and
fate of metals in soils and weathering profiles. Geochemical modeling of weathering
processes, including prediction of precipitation barriers. Applied soil gas chemistry
for detecting buried mineral deposits and oil and gas. Utilized remote sensing
techniques to detect buried mineralization. Managed four analytical laboratories,

®  Developed partial leaching techniques for soils and stream sediments to

determine trace element speciation between different mineral phases and

amorphous coatings, including organics.

®  Delineated subsurface oil and mineral deposits utilizing instantaneous and
integrative soil gas sampling techniques. Soil gases measured during field
studies included: 0,, N,, CO,, CO, SO,, H;S, CH,, CH;, CS,, and Hg.

®  Demonstrated upward mobility of metals through thick (30+ m) layers of
lateritic and/or transported soils.

®  Developed three geochemical field kits, one of which detected fine-grained
alunite in silicified outcrops to help rank goid prospects.

®  Supervised and directed ten technicians at four analytical laboratories in
preparing and analyzing geologic, aqueous and botanical sampies.

o
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Laboratories provided analytical support for professional research and
technical service projects.

®  Detected "stress” in plants by high-resolution infrared remote sensing. Used
to delineate anomalous concentrations of toxic metals in soils. Mapped
alteration mineralogy in outcrop utilizing high-resolution and satellite imagery.

®  Developed seven rock standards for quality control of in-house and outside
analytical laboratories. Conducted quality control survey of 15 analytical

laboratories.
1977 - Research Geochemist, Minerals Exploration Research, Exxon Production Research
1980 Company, Houston, Texas. Responsible for three analytical laboratories. Coordinated

studies of sandstone uranium deposits, including activities of managing consultants.

e  Studied uranium solution geochemistry in vicinity of sandstone uranium
deposits, including the influence of clays and iron oxides on adsorption of
uranium.

®  Developed differential leaching techniques for discrimination of uranium
speciation in clastic sediments and rocks. :

®  Developed methods for atomic absorption and plasma spectroscopy analysis
of mineral separates, ores, soils, Jeachates, and brines.

e  Managed sandstone uranium drilling program for recovery of core and drill
cuttings for geochemistry and mineralogy. o

®  Investigated dolomization of limestone by using trace elements and stable
isotopes. '

Professional Affiliations @"ﬁdﬂ )

Association of Exploration Geochemists
Geochemical Society
International Association of Geochemistry and Cosmochemistry
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Teak, J., Bisping, R., Zimmerman, M., Krieger, E., Roy. L., Adams, R., Kramer, E.,
1996, "The Challenge of Building a Transuranic Waste Inventory for Waste Isolation
Pilot Piant Regulatory Compliance Modeling/Application," abstract submitted to
Waste Management 1997 conference, Tucson, Arizona.




Paul E. Drez

Chakraborti. S., Abashian, M., Drez, P., Burrington, T., Lopez, J., and R. Batra,
1992, "Review of Alternative Container Materials for TRU Waste: An Expert Panel '
Evaluation,” paper presented at The 1992 Incineration Conference, Albuquerque,
New Mexico.

Myers, I., P. James, and P. Drez, in preparation, "The Redox State of the Culebra
Member of the Rustler Formation,” in "Hydrogeochemical Studies of the Rustier
Formation and Related Rocks in the WIPP Area, Southeastern New Mexico,"
SAND88-0196, M. D. Siegal, S. J. Lambert, and K. L. Robinson, editors, Sandia
National Laboratones Albuquerque, New Mexico.

Drez, P. E., Devarakonda, M., and J. Cruse, 1991, "Summary and Status of TRU
Waste Characterization,” paper presented at Waste Management '91, Proceedings of the
Symposium in Waste Management, Tucson, Arizona.

Johnson, J., Davis, H., Drez, P. E., Devarakonda, M., 1991, "Pretest Characterization
of Waste Isolation Pilot Plant (WIPP) Experimental Waste," paper presented at Waste

" Management ‘91, Proceedings of the Symposium in Waste Management, Tucson, Arizona. .

Myers, J., Djordjevic, S. M., Adams, M., Spangler, R., Valdez, J., Vetter, D., and P.
E. Drez, 1991, "Design Analysis of Engineered Alternatives for the Waste Isolation '
Pilot Plant," paper presented at Waste Management '91, Proceedings of the Symposium
in Waste Management, Tucson, Arizona.

Abitz, R. I, J. Myers, P. E. Drez, and D. E. Deal, 1990, "Geochemistry of Salado
Formation Brines Recovered from the Waste Isolation Pilot Plant (WIPP)
Repository,” paper presented at Waste Management ‘90, Proceedings of the Symposium

. in Waste Management, Tucson, Arizona.

Drez, P. E.. S. Djordjevic, D. V. S. Murthy, G. Quinn, and C. Temus, 1990,
" Aspiration Requirements for the Transportation of Retrievable Stored Waste in the
TRUPACT-II Shipping Package,” Waste Management '90, Proceedings of the
Symposium on Waste Management, Tucson, Anizona. ,

Murthy, D. V. §,, andP E. Drez, 1990, "Transportat:on of Transuranic Waste to the -
Waste Isolation Pilot Plant - An Overview,” presented at the Summer National
AIChE Meeting, San Diego, California.

Deal, D. E., Abitz, R. J., Belski, D. S., Case, J. B., Crawley, M. E., Deshler, R. M.,
Drez, P. E., Givens, C. A., King, R. B., Lauctes, B. A., Myers, J., Niou, S., Pietz, J.
M., Roggenthen, W. M., Tyburski, J. R,, and M. G. Wallace, 1989, "Brine Sampling
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and Evaluation Program 1988 Report," DOE-WIPP-89-015,U.S. Department of Energy.

Drez, P. E., D. V. S. Murthy, C. J. Temus, G. J. Quinn, and C. B. Ozaki, 1989,

- "Influence of Nonradioactive Parameters on Radioactive Shipping Packages,”

(abstract) PATRAM '89, Washington, D.C.

Drez, P. E., 1988, "Rock-Water Interactions Between Injected Waste and Host Rock
Formation Fluids and Mineralogy During Deep Well Injection,” (abstract)
Proceedings of the American Geophysical Union, 1988 Spring Meeting.

Deal, D.E., ]. B. Case, R. M. Deshler, P. E. Drez, ]. Myers, and J. R. Tyburski, 1087,

“Brine Sampling and Evaluation Program Phase Il Report," DOE-WIPP-87-010,

Carlsbad, New Mexico.

Drez, P. E., R. K. Warren, and W. J. Harrison, 1987, "Possible Silicification and -

Surface Microlayer Anomalies Due to Microseepage of Brines Associated with
Hydrocarbons," abstract, American Association of Petroleum Geologists Research
Conference, Prediction of Reservoir Quality Through Chemical Modeling (invited

paper).

Drez, P. E., and W. J. Harrison, 1987, "Do Organic Acids Have a Role in Clastic
Diagenesis?" abstract, American Association of Petroleum Geologists Research
Conference, Prediction of Reservoir Quality Through Chemical Modeling (invited

paper).

Drez, P. E., 1985, "The Use of Soil Gases for the Detection of Sulfides Beneath
Transported Overburden,” Exxon Minerals Company Exploration Memo, 28 pp.

Bence, A. E.. and P. E. Drez, 1985, "Stratiform Massive Sulfide Deposits: Strontium
Tsotopic Composition of Bedded Barites,” Exxon Minerals Company Exploration
Memo, 28 pp.

Smith, D. P., P. E. Drez, and H. H. Sandling, 1985, "The Use of a Personal Computer

for On-Line Simultaneous Determination of Water, Carbon, and Sulfur by Infrared
Absorption Spectroscopy,” abstract, 189th American Chemical Society National
Meeting, Miami Beach, Florida. '

Drez, P. E., 1985, "Enhancement of Anomalies Distal to Cu-Au Porphyry Systems
in Papua New Guinea - Case Histories," abstract, 11th International Geochemical
Exploration Symposium, Toronto, Ontario, Canada,

Baum, G. R.. W. B. Harris, and P. E. Drez, 1985, "Origin of Dolomite in the Eocene
Castle Hayne Limestone, North Carolina,” Journal of Sedimentary Petrology, Vol. 55,
No. 4, pp. 506-317.
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Baum, G. R., W. B. Harris, and P. E. Drez, 1985, "Sodium Distribution in Eocene -
Dolomites from the Castle Hayne Limestone, North Carolina,” abstract, American
Association of Petrological Geologists Annual Meeting, New Orleans.

Drez, P. E., 1983, "Alunite Chemica! Field Test Addendum: Discrimination of
Atlunite in the Presence of Jarosite,” Exxon Minerals Company Expioration Memo,

6 pp.

Drez, P. E.. 1983, "Mobility of Metals in the Papua New Guinea Weathering
Environment: Implications for Exploratmn, " Exxon Minerals Company Exploration
Memo, 205 pp. :

Drcz, P. E.. 1983, "Alunite Chemical Field Test," Exxon Minerals Company'
Exploration Memo, 12 pp.

Drez, P. E., 1982, Detection of a Surface Geochemical Anomaly Above the Scuddies
Prospect: A Preliminary Report," Exxon Minerals Company Exploration Memo, 8
PP

Drez, P.E., 1981, "Olivinae (Mollusca:Gastropoda) from the Alum Bluff Group of
Northwestern Florida," Tulane Studies in Geology and Paleontology, Vol. 16, pp. 105-
122.

Drez, P. E,, S. S. Sedeora, and M. E. Kiibler, 1979, "Evaluation of a Dithionite
Leaching Method for Extraction of Hematite and Goethite From a Sandstone
Matrix,” Exxon Production Research Company Exploration Memo, 17 pp.

Kidwell, A. L., and P. E. Drez, 1978, "Mineralogical Study of Bullfrog Uranium
Deposit, Gardfield County, Utah,”" Exxon Production Research Company Technical
Research Report, 22 pp.

Drez, P. E., and P. C. Ragland, 1978, "Wall-Rock Alteration Associated with
Mesozoic Diabase Dikes, Durham Basin, North Carolina,” Geological Society
Annual Meeting, Southeastern Section, Vol. 10, No. 4, pp. 161-162.

Baum, G. R.; W. B, Harris, and P. E. Drez, 1978, "Dolomization of the Middle
Eocene Castle Hayne Limestone, North Carolina, U.S.A.,"” International Association
Sedimentologists, 10th International Congress, Jerusalem, Vol. 1, pp. 59-60.

- —Drez; P—E-1977,—"Hydrothermal- Alternation. of Low-K Tholeiitic Dikes and

Intruded Clastic Sediments,” Doctoral Dissertation, University of North Carolina,
Chapel Hill, 305 pp.
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Drez, P. E., 1977, “Deuteric Alteration in Mesozoic Diabase Dikes From Central
North Carolina,” Geologic Society of America, Southeastern Section, Vol. 9, No. 2, pp.
134-135. '

Ragland, P. C., and P. E. Drez, 1975, “Elemental Gains and Losses During Chemical
Weathering of Calc-Alkaline Plutonic Rocks,” Geologic Society of America Meeting,
Southeastern Section, Vol. 7, No. 4, pp. 525-526. ' o

Ray, C. E., A. Wetmore, D. H. Dunkle, and P. E. Drez, 1968, "Fossil Vertebrates
From the Marine Pleistocene of Southeastern Virginia," Smithsonian Miscellaneous
Collection, Vol. 153, No. 3, 25 pp. -
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paleoweathering profiles from South Africa. Geol. Soc. Am,
Abstracts with Programs., 15, 565.

Grandstaff D.E., McKeon G.L., Moocre E.L., and Ulmer G.C.,
1983. Reactions in the system basalt-simulated spent fuel-
water., Materials Res. Soc¢. Prog. D2.8, 189.

Ulmer. G.C., Grandstaff D.E., and Brozdewski R.A., 1983.
Geologic applications of 2r0, electrolytic cells. Second
International Conference on the Science and Techneology of
Zirceonia, Stuttgare, FRG, Max-Plank Inst. fur
Metallforschung, D6.

Ulmer G.C., Grandstaff D.E., Brozdowski R.A., Barnes H.L.
and Bourcier W.L., 1983. New developments in hydrothermal
Eh-pH measurements. Geel. Soc. Am. ARbstracts with Prog.

Grandstaff D.E., Foster R,W., Korn R.A., and Ulmer G.C.,
1985. Measurement of hydrothermal redoX using a direct
hydrogen evolution method (DHEM). Second International
Symposium on Hydrothermal Reactions, Pennsylvania State
University, pg. 10.

Grandstaff D.E., Ulmer G.C., Myers J., and McKeon G.L.,

-~
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1985. A hydrothermal buffer capsule technigue for redox
measurements. Am. Geophys. Union. :

Ulmer G.C., Korn R.A., PFoster R.W., and Grandstaff D.E.,
1985. Measurement of hydrothermal redox wusing DHEM:
Implications for nuclear waste disposal. Second
International  Symposium on  Hydrothermal  Reactions.
Pennsylvania State University, Abstracts with Prog., p. 29.

Friel J.J., Kacandes G.H., Grandstaff D.E. and Ulmer G.C.,
1986. Image analysis of an Icelandic basalt. Geol. Soc.
Rmerica, Abstr. with Prog. :

Grandstaff D.E., 1986. Precambrian pzalecsols and the
composition of the mid-Precambrian atmosphere. Trans. Am.
Geophys. Union, 67. - _

Kacandes G.H., Ulmer ¢.C., and Grandstaff D.E., 1986,
Importance of intersertal glass for an Icelandic analog for
nuclear waste isolation in Columbia Plateau basalt. Trans.
Am. Geophys. Union, €7, 250.

Ulmer G.C., Kacandes G.H., and Grandstaff D.E., 1986.
Icelandic geothermal fields as an analog for nuclear waste
isolation in basalt. Amer. Ceram. S5o0c., Abstr. with Prog.

Gardiner M.A., Kacandes G.H., Ulmer G.C., and Grandstaff
D.E., 1987. Use of re~injection technigques for hydrcthermal
experiments in Dickson autoclaves. Am. Geophys. Union, 68.

Grandstaff D.E,, Ulmer G.C. Kacandes G.H., and Gardiner M.,
1987. Results of basalt~-water experiments: Implications for
nuclear waste disposal. Mater. Res. Soc., Abstr, with Prog.

Kacandes G.H., Ulmer G.C., and Grandstaff D.E., 1987. pH
differences between experimentally derived and natural
hydrothermal fluids: pessible role of CO,. Trans. Am.
Geophys. Union.

Lazaar P.I1., Ulmer G.C., and Grandstaff D.E., 1987. A study
of the hydrothermal stability of copper for use as a
canister material for nuclear waste. Materials Research
Society, Boston, MA.

Kacandes G.H., Ulmer G.C., Grandstaff D.E., 1988. How well
de water-rock experiments model <the composition of
geothermal regervoir fluids? Mineral Exploration Reseaxch
Institute, Symposium on Experimental Investigations of
Hydrothermal Processes, Montreal, PQ.

Wang J., Ulmer G.C., Grandstaff D.E., and Friel J.J., 1988,

Page 9
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Basaltic residium glasses: an old and a new prIoblem.
Goldschmidt Conference, p. 9.

Kacandes G. H. and Grandstaff D. E., 1988. Alteration
mineral paragenesis and variations in fluid chemistry during
basalt/hot water interactions. American Geophysical Union.

Grandstaff D.E., Ulmer G.C. and Kacandes G.H., 1989.
Prediction of near-field fluid composition in high-level
nuclear waste repositories:limits of analogs - limits of
experiments. Am. Ceramic Society Abstracts, p. 108. '

Page 10

Wang J., Ulmer. G.C., and Grandstaff D.E., 1983. The

geothermal oxidation of basalt. International Geological
Congress. Washington, D.C. _

Anton J.A., Grandstaff B.S., and Grandstaff D.E., 1990.
Modes of staining in fossil shark teeth (Abstrxact). Journal
of Vertebrate Paleontology, 10, 12A-13A. '

Ulmer G.C., Grandstaff D.E., Hansen B., Gold D.P.,, and
Deines P. 1990, Texture, and ''C Data for graphite in mafic
igneous plutons (abstract). American Geophysical Union, 71,
661.

Lee A.C., Grandstaff D.E., and Ulmer G.C., 1990. The effect.

of rhyolitic glass on solution parameters in autoclave

experiments at 300C and 30 MPa ({(abstract). The American
Geophysical Uniom, 71, 663. _

Ulmer G.C. Grassi V.J., Lee A. and Grandstaff D.E., 1980,
Comparison of tuff, granite, and basalt as high-level
repository host rocks: lithologic factors influencing fluid
compositions (abstract). Materials Research Society.

Grassi V.J., Ulmer G.C., and Grandstaff D.E., 199].
Hydrothermal experiments using tuff, granite, and basalt:

Implications for high-level nuclear waste repositories.

(abstract), American Ceramic Society Annual Meeting,
Cincinnati, OH.

Bowen, B. and Grandstaff D.E., 1992. R-Mode factor analysis
of variations in chemical composition of river water during
storm-gvents (abstract). Trans. Amer. Geophys. Union (EOS),
73( 11 - ’

Grandstaff, D.E., and Ulmer G.C., 1992. Fluid inclusions in
diamond, equations of state, and mantle redox conditions
(abstract). Trans. Amer. Geophys. Union (EOS), 73, 335.

Sirkis, D., Ulmer G., Grandstaff D., Castro J., and Gold D.,
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1892, Testing a model of diatreme emplacement at Oka,

Quebec, using rock magnetism (abstract). Trans. Amer.
Geophys. Union (EQS), 73, 103.

Yan, C., and Grandstaff P.E., 1992. Concentrations and
transport mechanisms of Cd, Pb, and 2Zn in roadside soils
affected by automotive pollution (abstract}. Trans. Amer.
Geophys. Union (EOS), 73, 62.

Grassi V. J., Myer G, H., Ulmer G. C., and Grandstaff D. E.,
1993, Ferrierite formation during a hydrothermal reinjection
experiment (abstract). Trans. Amer. Geophys.. Union (EOS),
74’ 161. . )

Ulmer G. C., Grandstaff D. E., and Woermann E., 1993,
Moissonite Stability: A mantle redox problem? (abstract).
Terra nova, 5, 511,

Ulmer G. C., Grandstaff D. E., and Woermann E., 1993. Mantle
redox: an overview of the uncertainties (abstract). Terra
nova, 5, 512. :

DeMaio T.; and Grandstaff D. E., 1994. The influence of
dilute organic acids on the rate of calcite dissolution.
Trans. Rmer. Geophys. Union (EOS), 75, 139.

Freiheiter M. and Grandstaff D. E., 1994. Conservative
vVersus non-conservative behavior of selected species in the
estuary of the Great Egy Harbor River, New Jersey. Geol.
Soc. Am., Abstracts with Programs, Northeast Section.

Jones T. P., and Grandstaff D. E., 1994. GCeochemical
contreols onm aluminum, iron, and other species in surface
waters of the New Jersey Pine Barrens. Trans. Amer. Geophys.
Union (EQS}, 75, 136.

Teng H., and Grandstaff D. E., 19%4. The dissolution of
volcanic glass: the effect of pH and organic acids. Trans.
Amer. Geophys. Union (EOS), 75, 140.

Woodward B. J., and Grandstaff D. E., 1994. Variations in
Stream water chemistry during storm events near the
brookdale mine, Phoenixville, Pennsylvania. Trans. Amer.
Geophys. Union (EQS), 75, 177.

Jones T. P., and Grandstaff D, E., 1995. Hydrochemistry of
selected species in surface waters of the New Jersey Pine
Barrens {abstract). Geol. Soc. America, Abstracts with
Programs, Northeast Section.

Ulmer, G. C., Grandstaff, D. E., Woermann, E., and Schoénitz,
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M., (1995). Metastability of SiC (Moissanite! Relative to
Paragenetic Associations in Kimberlites and Meteorites.
Goldschmidt Conference, Pennsylvania S$tate University.

Ulmer, G. C., Grandstaff, D. E., Woermann, E., and Schonitz,
M. (1995). Equilibrium stability of SiC (Moissanite).
Goldschmidt Conference, Pennsylvania State University.

Teng, H., and Grandstaff, D. E., (1995). The effect of pH
and organic acids on dissolution of basaltic glass.
Materials Research Society, Abstracts with Programs, Boston,
MA, : :

DeMaio, T. and Grandstaff, D. E. (1996). The effect of
dilute organic acids on  calcite dissclution. Materials
Research Society, Abstracts with Programs, Beston, MA.

Betts, J. and Grandstaff, D. E. (1997). Gecchemical

variations with depth in vadose zone fluids in the
glauconite~-rich  Hornerstown Formation, New Jersey.
{abstract). Abstracts with Programs, Geol. Soc. Am.
Northeast Section. '

Harvey, A. and Grandstaff, D. E. (1997). Environmental
reconstruction in the Duncannon Member, Catskyll Fermation
(Devonian). Abstracts with Programs, Geol. Soc. Am,
Northeast Section.

Mandal, M. and Grandstaff, D. E. (1977). Geochemistry of
throughfall in Wharton State Forest, New Jersey. Abstracts
with Programs, Geol. Soc. Am. Northeast Section.

- Page
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PUBLISRED RESEARCH REPORTS:

Moore E.L., Ulmer G.¢. and Grandstaff D.E., 1981,
Hydrothermal reactions in the system basalt-groundwater.
Rockwell Hanford Document, U.S. DOE. :

McKeon G.L., Ulmer G.C., and Grandstaff D.E., 1982,
Hydrothermal reactions in the system spent
fuel/groundwater/basalt. Rockwell Hanford Document No SD-
BWI-BP-004, 18 p. U.S. DOE.

Grandstaff D.E,, McKeon G.L., Moore E.L., and Ulmer G.C.,
1983. Reactions in the system basalt-simulated spent fuel-
water. Rockwell Hanford Doc. No. RHO-BR-SA=-317P, U.S. DOE,

Moore E.L. Ulmer G.C., and Grandstaff D.E., 1984.
Hydrothermal interaction of Columbia Plateau basalt from the
Untanum Flow with its co-existing groundwater. Rockwell
Hanford Document No. SD-BWI-BP-003, 26 p. DOE. :

. Myers J., Ulmer G.C., Grandstaff D.E., Brozdowski R.,
, - Danielson M.J., and Koski ©0.H., 1984. Techniques for
monitoring Eh-pH conditions in hydrothermal experiments. R
Rockwell Hanford Document REO-BW-ST-049P, 39 p. U.S. DOE. i

Grandstaff D.E. and Ulmer G.C., 1985. Buffering capacity and
redox control in water-rock systems. Rockwell-Hanford
Document SD-BWI-~-TI-~298, U.S5. DOE.

MASTER'S THESES SUPERVISED:

Sleight, Mary C. Aluminum concentrations in the Mullica
River-Great Bay estuary, New Jersev. December 1978,

Palopoli, John. Lead concentrations in Tinicum Marsh,
Pennsylvania. 1979,

Gay, Alison L. The study of two Precambrian paleosols and
implications for the Precambrian environment and atmosphere.
1879, ‘

Moore, Elizabeth L. Hydrothermal interaction of Columbia
River Basalt from the Umtanum Formation with its co~-existing
groundwater. 1983.
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McKeon, Gail L. Hydrothermal reation of simulated spent fuel
with Columbia Plateau basalt from the Umtanum Flow at 100e,
2000, and 3000C and at 30 MPa (300 bars). July 1984.

Edelman Michael J. Description and implicatons o©f the
chemistry and nineralogy of three early Precambrian
paleoweathering profiles from South Africa. 1985.

Korn, Rosemary A. A comparison of the hydrothermal stability
of the Columbia Plateau basalts from the Umtanum and
Cohassett flows at 100°, 200°, and 300°C; and at 30 MPa.
1986. '

Gardiner, Mark A. Hydrothermal reaction of groundwater with
basalt from the entablature of the Cohassett Flow, Grande.
Ronde Formation, Hanford, Washington: The effect of the
introduction of fresh solution to the system at 200° and
3000C and 30 MPa. April 1988.

Lazaar, Paul I. A study of the hydrothermal stability of
copper 4as a container material for a onuclear waste
repository. June 1988

‘Foster Ruth W. Discription of early Precambrian paleosols,
implications for the Precambrian atmosphere. 1988. -

Kacandes, George H., How well do water-rock experiments
model the composition of geothermal reservoir fluids?, 1989.

Tashjian, Paul, The sedimentology and stratigraphy of a
fossiliferous layer in the Upper Cretaceous (Campanian)
Englishtown/Marshalltown Formations near Ellisdale, NJ.,
July 1990,

Lee, Arthur C., Hydrothermal Experiments on Bannock.Tuﬁf
{Montana) and Conway Granite (Vermont): Implications for
nuclear waste disposal, August 1990.

Anton, John, Modes of staining in fossil sharks teeth from
Big Brook, New Jersey. (August 1991).

Grassi, Vincent. Hydrothermal experiments on Topopah Springs
ngf. Implications for nuclear waste disposal (Januarxy
1 s 3 ) - .

Kaown, D. The effect of quartz and clay minerals on
retardation of ammonium in groundwater (December 1993).

DeMaio, Theresa. Calcite Dissolution Kinetics: Effect of
Organic Ligands (May 1994).
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freiheiter M. Conservative versus Non-conservative behavior
of selected species in the e@stuary of the Great Egg Harbor
River, New Jersey (July 1994},

Jopes, T. P., Geochemical controls on aluminum, iron, and
Other species in the New Jersey Pine Barrens {July 1994).

Teng, H. The dissolution of basaltic glaSs: effects of pH
and organic ligands (July 1994).

Woodward, B. J. Variations in stream water chemistry during
storm e€vents near the Brookdale Mine, Phoenixville,
Pennsylvania (July 1994). '

Yan, Cheng. Cadmium, Lead, Zinc, and Tin pollution along
major highways (August 1994). : -

Bowen, Bradford. Factor analysis of changes in stream
composition following storms (in progress).

Rong, W. Groundwater in the New Jersey Pine Barrens (July
1996).

Sathaye, J. Geochemistry of brines in the Illinois Basin
{July 1996) ‘ :

Betts, J. Vadose Zone Hydrogeochemistry in the Hornerstown
Formation, New Jersey (in progress)

Harvey, A. Paleoenvironmental reconstruction in the
Duncannon Member, Catskyll Formation, Pennsylvania (in
progress). : :

Mandal, M. Chemistry of throughfall in Wharton State Forest,
New Jersey {in progress)

DISSERTATIONS SUPERVISED: :
MASTER' AND DOCTORAL COMMITTEE SERVICE IN ADDITION TO
STUDENTS_YDU SUFERVISED:

M.A. Students {(Committee Member) :

Joseph Toth 1978

John DeSantis 1979
Mark Gallagher 1980
William Schryba 1981
Crawford Elliot 1982
Robert Brozdowski 1982
Thomas Buntin 1983
David wWeissg 1985

Page 15
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Richard Sacks 1987

David Valentino 1988
Mark Moats 1989
Benjamin Hanson 1989
Linus Farius 1989
Charles Handschin, 1990
Daniel Sirkis, 1993
William Schneider, 1992
John Hill, 1992
Christian Osgood, 1995.
John Boynton, in progress
Tarja Wolf, 199¢
Natalie Flynn 19%6
Takahashi Shinkawa, 1997

Ph. D Dissertations (committee member).

Ruth W. Foster (Department of Environmental Englneerlng,
Rutgers University, 1994).

Michael J. Palmieri, Jr. (Department of Chemistry, Temple
University). ,

FROFESSIONAL MEMRERSHIPS:

Geochemical Society 1873~

ITnternational Association of Geochemists and COSmochemlsts
1985-

American Geophysical Union 1973~

Emerican Ceramic Society 1988-

Materials Research Society 1983~

Page 1€
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MICHAEL B. GROSS, Ph.D.
21 Tradewind Passage
- Corte Madera, CA 54925
(415) 924-5111 (Voice and Fax)
Imgross@marin.k12.ca.us

EDUCATION:

Ph.D., Mechanical Engineering, University of California, Berkeley, 1975 —
 M.S,, Physics, Harvard University, 1968 : /h ~
B.A., Mathematics, Johns Hopking University, 1967 Lo Qf‘* ?

SUMMARY:

Dr. Gross is a senior engineer and computational expert with over 27 yesrs of professional
experience. This experience includes programs and studies involving geologic (rock machanics)
response, fluid mechanics and hydrology, structural response, and software development. Typical
: applications have included performance assessment and design of nuclear waste repositories,
. - fluid/structure interaction for nuclesr reactor safety issues, and the response of underground
structures 1o seismic and muclear weapons effects. The performance assessment experience
includes work for the Waste Isolation Pilot Plant, for the Yucca Mountain Project and for a
proposed high-level waste repository in Japan. The design experience includes development of
the conceptual design for the underground facility and sealing system for a proposed high-level
waste repository in salt. :

From 1588 through 1993, Dr. Gross was the Deputy Manager of the Environmental Sciences &
Technology Group at Science Applications International Corporation (SAIC). In this capacity, he
provided management and marketing oversight for a staff of 350 people performing environmental
engineering, geotechnical studies and quality assurance services. He also supervised the Group’s
business development activities and was the lead proposal writer for all of the Group's major bids.
Prior to 1988, he was managing a division (profit center) and performing and/or managing large
programs for nuclear waste repositories, for defense-related applications (hardness of deeply
buried structures), and for nuclear reactor safety, particularly fluid-structure interactions.

EXPERIENCE:

January, 1995 - Present: President, Michael Gross Enterprises

Dr. Gross is an independent consultant specializing in geotechnical studies, computational studies
and modeling, and project management. Recent assignments have included performance
assessment of the Waste Isolation Pilot Plant (WIPP) in New Mexico, support to the development
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of & nuclear waste repository in Japan, and oversight of & project in distribution automation with
PG&E. For the WIPP Project, Dr. Gross is performing system-level performance calculations of -
the mechanical and hydrological response of the repository, with an emphasis on direct release
models for cuttings/cavings, spallings and brine blowout, plus analyses of hydrological releases
through the Culebra. The support for & Japanese high-level waste repository has included
activities related to software quality assurance and database management for performance
assessment. ' -

December, 1993 - January, 1995; Director of Business Development, EnergyLine Systems.

Dr. Gross was managing business development activities at EnergyLine Systems, which develops
and manufactures microprocessor-based controls for electric power utilities and the commercial
HVAC industry. His primary focus for EnergyLine was in Asis, where he was developing real-
time communications and control systems for electric power distribution in China and Southeast
Asia. Through these activitics he is familiar with the contro! and communications issues that are
important for distribution automation and home sutomation in the evolving deregulated markets
for electric power utilities. . '

1988 - 1993: Deputy Group Manager and Corporate Vice President, SAIC.

As Deputy Group Manager of the Environmental Services & Technology Group, Dr. Gross was
instrumental in growing & business unit from $21M to $47M in revenue -while meeting
profitability goais through 1992. His responsibilities encompassed management, business
development, and proposal preparation. He developed and executed strategic and annual plans
for the organization and assisted in the day-jo-day management of a staff of 350 engineers,
scientists and their support personnel. He was also the lead proposal writer for most of the
Group's major bids, achieving an'average dollar win rate of 40% from 1988 through 1992.

Technical activities during this period included:

+ Support to the Yucca Mountain Project. Dr. Gross worked with DOE personnel in support of |
the ongoing performance assessment efforts at the National Laboratories. '

« Support for performance assessment activities by the PNC in Japan for development of that
nation's high-level nuclear waste repository. Dr. Gross performed code surveys and partici-
pated in planning activities for an interactive, user-friendly performance assessment system.

« Key author for a Congrestionally-mandated report on the U.S. Army's Chemical Demilitariza-
fion Program. Dr. Gross analyzed various chemical and biological alternatives for destruction
of the U.S.stockpile of chemica! weapons and wrote major sections of the report. The results
and recommendations from these analyses were also presented to a Committee of the Nationa)
Academy of Sciences, :
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1983 - 1988: Manager of Geomechanics Division and Assistant Vice President, SAIC.

As division manager, Dr. Gross was responsible for 2 10-1$ person staff performing computa-
tional studies in the areas of underground structural response, high-level nuclear waste
repositories, and nuclear reactor safety. Major project experience during this period included:

o« Task Leader for Hardness Evaluations of Deeply Buried Structures. Dr. Gross applied semi-
analytical methods to evaluate the vulnerability of reinforced tunnel structures in a variety of
geologic settings to the ground shock environment of a nuclear burst. Results were instru-
mental in reevaluating the vulnerability of the Soviet command/control system. Client was the
Ballistic Missile Office, Norton Air Force Base.

¢ Program Manager for the Repository Seal Materials Performance Project.  Dr. Gross
developed and managed this integrated laboratory testing and modeling program to evaluate
materials for the sealing systemn of a high-level nuclear waste Tepository in salt. Materials
included clay/earthen materials, cementitious materials and crushed salt backfill. Analytic
sfforts included defailed design calculations for individual seals as well as a global, scmi-
analytical computational method. This effort involved a staff of approximately 20 full-time
equivalents, two subcontractors and a budget of $2.5 million ansually, Client was the Office
"of Nuclear Waste Isolation.

. ' .o Task Leader for Thermomechanical Analyses for Repository Design, Dr. Gross managed s
: staff of 3 to § people performing geotechnical and geomechanical calculations in support of

the conceptual design of an underground geologic repository in satt (for high-level waste),

The main emphasis was on thermal, mechanical and thermomechanical calculations for design

of the repository (rooms and general layout), for design of the shafis and for design of the

sealing system, This three-year project involved extensive interactions with a design team

covering nuciear, mechanical, electrical, mining and earth sciences disciplines. Dr. Gross was

also the lead engineer for conceptual design of the repository sealing system. Client was the
Department of Energy.

In addition to thess major projects, Dr. Gross supervised numerous smaller projests in (i) ™
applications of finite-element programs for structural response, and (ii) calculations of transient '
nonlinear events. Examples include response of structures fo nearby explosions, slideplanes for
three-dimensional calculations, development of a nomreflecting boundary to simulate infinite
media and the thermal hydraulic analysis of nuclear reactor piping systems via the TRAC code.

1975 - 1983: Senior Scientist and Project Manager, SAIC.

Dr. Gross developed and applied finite-difference and finite-element computer programs 1o a wide
variety of geomechanics and fluid-stricture interaction problems. The geomechanical analyses
have included thermal, mechanical and thermomechanical analyses of underground structures. The
fiuid-structure interaction analyses have involved nonlinear, large deflection structural response
for nuclear reactor safaty calculations and accident analyses for explosives and ordnance.
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During this period, Dr. Gross was Project Manager for the Asymmetric Loads Project. In this
roie he developed sdvanced computational methods to simulate the responss of the internal
components of a nuclear reactor (PWR) during & Loss-of-Coolant-Accident. This project had a
total budget of $2.5 million and an average staff of 3+4 people over & four year period. Major
software developments included: (i) & method to couple a one-dimensional grid to two- or three-
dimensional finite-difference grids, (ii) & method to couple two-dimensional and three-
dimensional finite difference programs for fluid response o the comesponding finite-clement
programs for structural response. These calculations produced excellent agreement with the
experimental data. The client for this project was the Electric Power Rescarch Institute,

1972 - 1975: Staff Scientist and Project Manager, Artec Associates, Inc.

Dr. Gross was a co-founder (one of three) of this small research and development company.
Projects were primarily experimental in nature, including development of an explosively driven
‘magnetohydrodynamic generator, a blast muffler system and @ hypervelocity defuser for
ordnance. Theoretical calculations of triple-point phenomena, as related to the Mach stem for an
above ground nuclear air blast, were also performed. Clients included the Defense Nuclear
Agency and the Naval Ordnance Station. .

1969 - 1972: Staff Scientist and Project Manager, Physics International Company.

Dr. Gross was invoived in experimental programs centered on nuclear blast wave simulation,
including the phenomena of fire-ball, air biast, attenuation of air blast in 2 line-of-sight pipe and
Mach reflection from an above ground burst. Calculetions with finite-difference computer codes
were also performed to assist in the design of complex gasdynamic experiments. Major client
was the Defense Nuclear Agency for the nuclear simulations.

1968 - 1969: Project Engineer, Naval Ordnance Station.

Dr. Gross participated in projects to develop and improve Naval ordnance. AR

| x)
REFERENCES |
Available upon request,
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Paul R. LaPointe

Cod Dheih....

Education

Experience
1992 to daic

1984 - 1992

1982 - 1984

1981 - 1982

B.A., Magna Cum Laude in Geotogy, Amherst College, 1974,

B.A., Spanish, Amherst College, 1974.

M.5., Geology, University of Wisconsin, Madison, 1976.

PLD., Mining Enginccring, University of Wisconsin, Madison, 1980,

Golder Associntes Redmond, Washington
Senior Project Manager, then Associate

Responsible for managemncnt and technical dircction of reservoir cngincering and
characicrization projects for domestic and intcraational petroleum companies. Projocts
have included geological analysis, rescrvoir characterization and flow simulation for
fractured reservoirs in Europe, Canada and the United States, Objectives of (hese
simulations include gas deliverability, ultimate field rocovery, field design and
production strategies. Dr. LaPeinte has served as an invited industry expert to review
methodology for the U.S. Guulogical Survey's comgressionally-mandated Natiooal
Pesroleumn Resource Assessment. in addition, he has performed technicai analyscs for a
varicly of hazardous waste-reiated projects in the U.S. and abroad in which flow through
rock fracture systems is a prominent concern. He is a co-teacher of workshops and short
courses in fractal geometry and geostatistics for the American Association of Petrolcum
Geologists, the Geological Secicty of America, the Intcmational society for Rock
Mecchanics and for private companics in the peiroleam and nuclear waste indusiries, and
has taught Golder Associalcs' workshops on froctured tock mass characicrization and

flow modeling to major intcgrated oil 2nd gas companies at their facilitics in North

Amicrics and Europe. He has been an author or co-author of papers and monographs in
reservoir geology and cngincering, and session organiecr and chairman for national
tcehnical society mestings in the petzolenm industry.

ARCO Oil & Gas Co.

Principail Geologist

Technical Coordinalor, Mathematical Geolagy (1988 to 1592)

Acting Research Director, Geologica! Interpretation Techniques (1990)

Responsible for idemtifying, planning, coordinating and carrying out original research
and technical support in statistical, geostatistical and fractal mcthods. Applications
include fracturcd reservoir analysis, resource assessment, complex patiern recognition in

stochastic systems, stuctural miodcling and Geographic [nformation System

development to support exploration and reservoir development activitis.

ARCO 0Oi & Gas Co.

Senior Geologist .

Responsible for coordinating and planning research on flow in nalural fractured sysiems
and the development and application of peostalistical and finite eicment codes to
problcmns of expleration, rescrveir exploitation, and engincering.

ARCO Coal and Anaconda Mincrals companies

Senior Engineer

Responsiblc for geatechnical investigations and numcrical modeling of in-siw coal
gasification processes, fragmentation analysis of coal blasiing, aud fugitive dust
problems in coal mincs. o

Wu
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Paul R. LaPointe

1980 - 1581  Wisconsin Enginecring Experiment Station
Associate Engineer
Responsible for carrying out field studies and aumerical analysss of candidate sitcs for
supcreonductive MSgACLc energy SIOrage UNits. Devised peostatistical methods for
characterizing natural rock jointing and enginesring rock properties, and developed
methods Sor incorporaling spatially correlated properties in finite element models.
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Robert J. Mutaw

Vita/Resume
May, 1997

Current Position: Assistant Project Archaeologist
Woodward-Clyde Federal Services

Office Address: 4582 South Ulster Street, Suite 1200
Denver, CO
Phone: (303) 796-4617
FAX: (303)694-3946

- Education: Doctor of Philosophy in Anthropology,
: University of Colorado, 1986. ;

Master of Arts in Anthropology, | /.,\D

University of Colorado, 1932. \3 )
- S
Bachelor of Arts in Anthropology,
Southern Illinois University, 1979.
Employment History: 1997, Assistant Project Archaeologist, Woodward-Clyde

Federal Services, Denver, CO. Responsibilities include project
management and technical participation in cultural resource
projects, supervision of staff and subcontractors, peer review of
subcontractor reports, research and authorship of EA and EIS
cultural resource portions, and assisting with the preparation of
proposals in response to solicitations for a vanety of enwronmental
and engmeermg services.

1995 1996, Senior Staff Archaeologlst Woodward-Clyde Federal
Services, Denver, CO.

1992-1995, Project Director, Native Cultural Services,

Boulder, CO. Responsibilities included project administration,
report writing, proposal and bid preparation, laboratory analysis
and curation, and fieldwork direction of survey and excavation
projects; Principal Investigator for the testing of four sites in
Morgan County, Colorado; co-field director for the 1993
excavations at Rock Creek Camp; research and preparation of the
archaeological sections for the Central City Water Development
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Employment History, cont.:

Project EIS; historic archaeology monitoring for the CC & V Gold |
Mining Company's Cresson Project.

1982-1995 - Part-time Instructor, Division of Continuing TN
Education, University of Colorado, Boulder, CO. Instructor of ( % !
introductory anthropology and physical anthropology classes. ' A

1994-1995, Part-time Instructor, Department of _
Sociology, Anthropology, and Social Welfare, Metropolitan State
College of Denver, Denver, CO. Instructor of introductory and
upper level physical anthropology courses.

1994, Visiting Assistant Professor, Department of

Sociology, Anthropology, and Social Welfare, Metropolitan State
College of Denver, Denver, CO. Spring semester sabbatical
replacement, instructed introductory and upper level archaeology
and physical anthropology courses, coordinated departmental
efforts to continue compliance with NAGPRA provisions;
developed draft procedures for dealing with claims for the
repatriation of College materials as per NAGPRA. ' .

1990-1993, Part-time Instructor, Department of

Sociology, Anthropology, and Social Welfare, Metropolitan State
College of Denver, Denver, CO. Instructor of introductory and
upper level physical anthropology courses.

1987-1992, Project Archaeologist, Archaeology

Department, Powers Elevation Co., Inc., Aurora, CO. Duties
included project administration and fieldwork direction for
numerous small and medium scale survey and excavation projects in
Colorado, Wyoming, South Dakota, North Dakota, Montana, and
Kansas; co-field director of data recovery project at Monaghan
Camp (5SDV3041); laboratory director for curation and analysis of
artifacts recovered during data recovery projects at 5DV3017,
5DV3041 and SAH380; field supervisor during the archaeological
survey and testing for the New Denver International Airport; report
research, writing, editing, and production for projects in Colorado,
Wyoming, and North Dzkota; curation of artifacts from Colorado,
Wyoming, Kansas, and North Dakota, excavation at site SAH380,
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Employment History, cont.:

Arapahoe County, Colorado; training of lab and field personnel;
proposal and bid preparation. -

1988-1989, Lecturer, Department of Anthropology,
University of Colorado, Boulder, CO. Instructor of introductory
anthropology classes.

1987, Part-time Instructor, Department of Sociology, _
Anthropology, and Social Welfare, Metropolitan State College of
Denver, Denver, CO. Instructor of introductory and upper level -
physical anthropology courses.

1985-1986, Graduate Student Instructor, Depariment of
Anthropology, University of Colorado, Boulder, CQ. Supervised
teaching assistants and instructed four introductory anthropology
and physical anthropology classes.

1981-1984, Teaching Assistant, Department of

Anthropology, University of Colorado, Boulder, CO. - Six
semesters assisting professors and instructing laboratory classes n
physical anthropology.

1988, Archaeological Excavation, Western Cultural

Resource Management, Sparks, NV. Served as crew member for
the archaeological testing of historic site 48CR1210, Carbon
County, Wyoming. . :

1985, Visiting Scientist, National Museum of Natural _
History, Smithsonian Institution, Washington, D.C. Conducted
research on human skeletal collections.

1984, Archaeological Excavation, Western Cultural
Resource Management, Sparks, NV. Served as crew member for
the excavation of Archaic period sites in southwestern Wyoming.

1980, Assistant Laboratory Supervisor, Dolores
Archaeotogical Project, Dolores, CO. Supervised the washing,
sorting, cataloging, and curation of artifacts and special samples
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Employment History, cont.:

collected in the excavation of various sites in southwestern
Colorado; site excavation experience.

1979-1980, Research Assistant, Department of (\:
Anthropology, Southern Illinois University, Carbondale, IL. “X

Assisted in the analysis of a skeletal collection from Barbados. .

1979-1980, Archaeological Laboratory Technician

Department of Anthropology, Southern Iilinois University,
Carbondale, IL., Carrier Mills Laboratory, Center for
Archaeological Investigations, washéd, sorted, and cataloged
artifacts from Woodland and Mississippian period sites in southermn
Illinois.

Honors: Metropolitan State College Alumni Association
Part-Time Faculty Excellence Award (1993)

University of Colorado, Graduate Student Fellowship
(1983-1984) ,

Professional Organizations: American Association of Physical Anthropologists
Society for American Archaeology '
Colorado Archaeological Society
Colorado Historical Society
Society for Systematic Biology

Council Positions: Executive Secretary (1995-present), President (1995), Vice
President (1994) and Board of Directors (1994-present),
Colorado Archaeological Society.

Professional Advisor, Indian Peaks Chapter, Colorado
Archacological Society (1993-1996).
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Cultural Resource Management Reports:

1995
1995
1995
1995
1994
1994
1993

1993

1993

1993

1993
1993
1993
11993
1993
1993

1993

1992

1992

Osteological Analysis of CHS Burial #97. Woodward-Clyde.

Osteological Analysis of CHS Burial #98. Woodward-Clyde.

Cultural Resource Inventory of the Mt. Sanitas Open Space and Related
Parceis, Boulder County, Colorado. Native Cultural Services. _
Sunshine Properties Easements and Trash Dump Area Cultural Resource
Inventory, Boulder County, Colorado. Native Cultural Services.

Andreas NUPUD Cuitural Resource Inventory, Boulder County, Colorado.'

Native Cultural Services.

Archaeological Testing of Sites SMR204 and 5MR205 Morgan County,
Colorado. Native Cultural Services.

Cultural Resource Inventory of Portions of the South Bouider Creek Open
Space, Boulder County, Colorado. Native Cultural Services.

A Cultural Resource Inventory of Open Space Lands in the Vicinity of
Valmont and 57th Street, Boulder County, Colorado. Native Cultural
Services.

A Brief History of the Dory Hill Cemetery, Gilpin County, Colorado.
Prepared for the City of Black Hawk, Colorado.

Cultural Resource Inventory of the Proposed US West Table Mesa
Exchange Buried Cable Route Across City of Boulder Open Space
Boulder County, Colorado. Native Cultural Services.

Cultural Resource Inventory of Three Improvement Locations at Loveland
Ski Area, Clear Creek County. Native Cultural Services.

Cultural Resource Inventory of the Spill Area and Proposed Access, Clear
Creek County, Colorado. Native Cultural Services.

Cultural Resource Inventory of the Boyd Small Tract, Clear Creek County,
Colorado. Native Cultural Services.

Cultural Resource Inventory of the Doyle Small Tract, Clear Creek
County, Colorado. Native Cultural Services.

The Carter Lake Burial: Excavations at SLR42, Larimer County,
Colorado. Native Cultural Services. (With: Peter J. Gleichman).

Cultural Resources Inventory of the Proposed Little Thompson/Central
Weld Filter Plant, Larimer County, Colorado. Native Cultural Services.
Archaeological Testing of Four Sites Located on Excess Bureau of
Reclamation Lands in Morgan County, Colorado, Final Report. Native
Cultural Services. '

A Cultural Resource Reconnaissance of the Eddy Property, Boulder
County, Colorado. Native Cultural Services. (With: Peter J. Gleichman).
Cultural Resource Inventory of the Pawnee Co-op Grazing Association

Improvement Areas, Pawnee National Grassland, Weld County, Colorado.

Native Cultural Services.
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- Cultural Resource Management Reports, cont.: ' @

1992
1992

1992

1992

1692
1992

1992
1992
1992
1992
1992

1991

1991

Cultural Resource Survey of Four Fence Exclosure Locations on the
Pawnee National Grassland, Weld County, Colorado. Native Cuitural
Services. '

Cultural Resource Inventory for the Proposed Chase Gulch Reservoir and
Eureka Gulch Wetlands Mitigation Area, Gilpin County, Colorado. Native -
Cultural Services. '

A Cultural Resource Reconnaissance of the Dawson Property, Boulder
County, Colorado. Native Cultural Services. ‘

The Wolford Mountain Reservoir Project: Results of Evaluative Testing at
11 Archaeological Sites near Kremmling, Grand County, Colorado.

Powers Elevation Co., Inc, T ' _

Littrell Land Exchange, Cultural Resources Inventory, Gilpin County,
Colorado. Powers Elevation Co., Inc. .
Central City East Circuit Replacement Line, Cultural Resources Inventory,
Clear Creek and Gilpin Counties, Colorado. Powers Elevation Co., Inc.
Box Eider-Tate Hamlet (SDV3017): A Muiti-component Habitation Site

in Denver County, Colorado. Powers Elevation Co., Inc. (With: G. C.
Tucker Jr. and M. J. Tate).

Koch Hydrocarbon Company Chase Transportation Denver International -
Airport, 10" Fuel Pipeline, Site SAM631 Testing, Adams County,
Colorado, Powers Elevation Co., Inc. _ ‘

U.S. Department of the Army, Rocky Mountain Arsenal Headquarters
Area Parking Lot and Driveway Improvements, Adams County, Colorado.
Powers Elevation Co., Inc. .

Lame Deer East Project [F 37-2(3)42): Additional Evaluative Testing at
Site 24RB 1586, Rosebud County, Montana. Powers Elevation Co, Inc.
(With: Gregory S. Newberry).

A Cultural Resources Inventory of the Denver International Airport
Priority III Tracts, Denver County, Colorado. Powers Elevation Co., Inc.
(With: Marcia J. Tate). : '
Jordan Oil and Gas Company, #1-11 Jordan Federal Cultural Resources
Inventory, Weld County, Colorado. Powers Elevation Co., Inc.

A Cultural Resources Inventory for the US WEST Communications
Penrose-Colorado Springs Buried Fiber Optic Cable Line, Fremont and El
Paso Counties, Colorado. Powers Elevation Co., Inc. (With contributions
by Thomas H. Simmons). :
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Cultural Resource Management Reports, cont.:

1991

1991

1991

1991

1991

1991

1991

1991

1991

1991

A Cultural Resources Inventory of the Denver International Airport
Priorities I & 11 Tracts, Denver County, Colorado. Powers Elevation Co.,
Inc. September 27 (With: Marcia J. Tate).

US WEST Communications Parachute Exchange Cable Replacement

‘Project Cultural Resources Inventory, Garfield County, Colorado. Powers

Elevation Co., Inc.

ORYX Energy Company Mazatlan Federal Unit Well Location and Access
Cultural Resources Inventory, Garfield County, Colorado. Powers
Elevation Co., Inc. A

US WEST Communications Basatt Exchange (C1-0714) Cultural
Resources Inventory, Eagle and Pitkin Counties, Colorado. Powers
Elevation Co., Inc. ) _

Koch Exploration Company West Buffalo Red River Unit #23-25 Well
Location, Harding County, South Dakota. Powers Elevation Co., In¢.

P & M Petroleum Management (Advantage Resources Corporation) #4-4
North Indian Creek Federal Cultural Resources Inventory, Fall River
County, South Dakota. Powers Elevation Co., Inc.

P & M Petroleum Management (Advantage Resources Corporation) #10-
34 North Indian Creek Federal Cultural Resources Inventory, Fall River —
County, South Dakota. Powers Elevation Co., Inc. L e
Carbondale Exchange Cable Replacement Project, Segments 6 through 9, .
Cultural Resources Inventory, Pitkin and Gunnison Counties, Colorado.

Powers Elevation Co., Inc. .

Carbondale Exchange Cable Replacement Project, Segments 1 through 5,

Cultural Resources Inventory, Pitkin County, Colorado. Powers Elevation

Co., Inc.

Horsetooth Reservoir South Shoreline Culturat Resources Inventory,

Larimer County, Colorado. Powers Elevation Co., Inc. (With R. Laurie

" Simmons and Christine Whitacre).

© 1990

1990

1990

1990

A Cultural Resources Inventory of the Buckley Air National Guard Base,
Arapahoe County, Colorado. Powers Elevation Co., Inc. (With M. J.
Tate, C. A. Harrison, R. L. Simmons, and C. Whitacre).

A Cultural Resources Inventory of the Pine Ridge Ranch, Arapahoe -
County, Colorado. Powers Elevation Co., Inc. (With M. 1. Tate).
Muddy Creek Reservoir Project: A Cultural Resources Inventory in the
Construction Impact Area at the Proposed Dam Site C, Grand County,
Colorado. Powers Elevation Co., Inc.

Horsetooth Reservoir North Shoreline Cultural Resources Inventory,
Larimer County, Colorado. Powers Elevation Co., Inc. (With R. Laurie
Simmons and Christine Whitacre).
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Cultural Resource Management Reports, cont..

1989
1989
1989
1989
1989
1989

1989

Meridian Oil Company #32-31 Federal, Cultural Resources Inventory, |

Moffat County, Colorado. Powers Elevation Co., Inc.

Borrow Area #2, Cultural Resources Inventory, Garfield County,

Coleorado. Powers Elevation Co., Inc. S 5
Divide Creek Unit #50 (Access), Cultural Resources Inventory, Mesa Ké
County, Colorado. Powers Elevation Co., Inc. : ' e
Divide Creek Unit #49, Cultural Resources Inventory, Mesa County, |
Colorado. Powers Elevation Co., Inc.

Divide Creek Unit #48, Cultural Resources Inventory, Mesa County, -

Colorado. Powers Elevation Co., Inc.

#14-31 Federal Cultural Resources Inventory, Moffat County, Colorado.

Powers Elevation Co., Inc.
Strat Land Exploration Cultural Resources Inventory F ederal 2-12, Baca

_County, Colorado. Powers Elevation Co., Inc.

1989

1989
1989
1989
1989

1989
1989
1989
1989

1989

A Cultural Resources Inventory of the Proposed WWD Line from Well
4#T68-11G to Well #T36-X-3G, and Borrow Area, Rio Blanco County,
Colorado. Powers Elevation Co., Inc. '
A Cultural Resources Inventory of the Proposed Divide Creek Unit #52, ‘
Mesa County, Colorado. Powers Elevation Co., Inc. :

A Cultural Resources Inventory of the Proposed Divide Creek Unit #51, .
Mesa County, Colorado. Powers Elevation Co., Inc.

A Cultural Resources of the Proposed Divide Creek Unit #58, Mesa

County, Colorado. Powers Elevation Co., Inc.

A Cultural Resources Inventory of the Proposed #1 Good Thing, Morton

County, Kansas. Powers Elevation Co., Inc. :

A Cultural Resources Inventory of the Proposed East Burke Ranch Unit

#15 Well Location and Access, Natrona County, Wyoming. Powers

Elevation Co., Inc.

A Cultural Resources Inventory of the Proposed East Burke Ranch Unit

#16 Well Location and Access, Natrona County, Wyoming. For Powers
Elevation Co., Inc. X

A Cultural Resources Inventory of the Proposed East Burke Ranch Unit

#17 Well Location and Access, Natrona County, Wyoming. For Powers
Elevation Co., Inc. _

A Cultural Resources Inventory of Four Road Segments in the Arapahoe

National Forest, Clear Creek County, Colorado. Powers Elevation Co.,

Inc.

Archaeological Studies at the New Denver International Airport. Powers
Elevation Co., Inc. (With M.J. Tate, B.P. O'Neil and G.C. Tucker Jr.).
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Cultural Resource Management Reports, cont.:

1989 A Class ITI Cultural Resources Inventory of the Amoco Elk Basin CO2
Pipeline. Powers Elevation Co., Inc. (With G.S. Newberry, M.J. Tate, and
P.D. Friedman).

1989 Cultural Resources Inventory of Betts Ranch, Douglas County, Colorado.
Powers Elevation Co., Inc. (With M. Tate and P. Friedman).

1988 A Class III Cultural Resources Inventory of the Proposed Public Service

Company of Colorado 230 kV Conversion Transmission Line, Cameo to
Fruita Segment, Mesa County, Colorado. Powers Elevation Co., Inc.
{(With P.D. Friedman).

1988 Report on the Data Recovery Program at Site SAH380 for the Clty of
Aurora Senac Dam Project, Arapahoe County, Colorado. Powers
Elevation Co., Inc. (With B. O'Neil, M. Taté and P. Friedman).

1988 Cultural Resources Inventory of the Proposed Fina Oil and Chemical
Company 12-6 West Lilli Federal Well Pad and Access, Weld County,
Colorado. Powers Elevation Co., Inc.

1988 Cultural Resources Inventory of the Proposed Fina Oil and Chemical
Company 10-1 West Lilli Federal Well Pad and Access, Weld County,
Colorado. Powers Elevation Co., Inc.

1988 Cultural Resources Inventory of the Proposed Fina Oil and Chemical
Company 14-1 West Lilli Federal Well Pad and Access, Weld County,
Colorado. Powers Elevation Co., Inc.

1988 A Class I Cultural Resources Literature Review for the Proposed Amoco
Salt Creek Unit and Proposed CO; Pipeline Project. Powers Elevation Co.
Inc. (With M.J. Tate, P.D. Friedman, J. Gooding & G.S. Newberry).

1988 A Class I Cultural Resources Literature Review for the Proposed Amoco
Raptor Unit and Proposed CO; Pipeline Project. Powers Elevation Co.,
Inc. (With; M.J. Tate, P.D. Friedman, & G.S. Newberry).

1988 A Class I Cultural Resources Literature Review for the Proposed Amoco
Little Buffalo Basin Unit and Proposed CO; Pipeline Project. Powers
Elevation Co., Inc. (With: M.J. Tate, P.D. Friedman, J. Gooding & G.S.
Newberry).

1988 A Class I Cultural Resources Literature Review for the Proposed Amoco
Beaver Creek Unit and Proposed CO; Pipeline Project. Powers Elevation
Co., Inc. January 5. (With; M.J. Tate, P.D. Friedman, J. Gooding & G.5.
Newberry). '
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Publications:

Articles: :

1996 Artifact Assemblages and Site Function: A Case Study Based on the
Archaeological Testing of Four Sites in Morgan County, Colorado.
Southwestern Lore, 62(4):20-37.

1994 The Carter Lake Burial: Excavations at SLR42, Larimer County,
Colorado. Southwestern Lore, 60(2):4-27. (With: P. Gleichman).

1988 Variation in the frequency of a notch in the short process of the incus in six
different human skeletal populations. Imernanonal Joumal of
Anthropology, 3:199-205.

1982 Osteology of a slave burial population from Barbados, West Indies.
American Journal of Physical Anthropology, 59:171-192, (With: R.
Corruccini, J. Handler and F. Lange).

- 1982 The statistical power of the Plains Anthropologist. Plains Anthropologist,
27(97):255-257. (With: S. Munson).

1982 Tooth mutilation in the Caribbean: Evidence from a slave bunial populatlon
in Barbados. Journal of Human Evolution, 11:297-313. (With: J.
Handler and R. Corruccini).

1980 Meat, markets and mechanical materialism: the protein fiasco in ' .
anthropology. Dialectical Anthropology, 5:171-192. (With P. Diener and
K. Moore).
Abstracts: -
1988 Anomalies and pathologies in human auditory ossicles. Am. J. Phys.

Anthropol., 75:252.

1986 Twenty years of Nubian skeletal research. Am. J. Phys. Anthropol.,

' 69:242-244.

1985 Functional aspects of human auditory ossicles as determined by principal
component analysis. Am. J. Phys. Anthropol., 66:208.

1984 Principal component analysis: size and shape or mathematical artifact.
Am. J. Phys. Anthropol., 63:197.

1983 Stature differences and sibship size; a comparison of college students and
their parents. Am. J. Phys. Anthropol.,, 60:213. (With A.J. Kelso and C.
Nay).

Book Reviews:
1990 Review of Status and Health in Prehistory: A Case Study of the
Moundville Chiefdom, Mary Lucas Powell, 1988, Smithsonian Institution
Press. Southwestern Lore 56(2):40. .




Robert J. Mutaw Vita

May, 1997, Page 11

S osia Organized:

:

High Altitude Archaeology: A Research Symposium. Fifty-ninth Annual Meeting, Colorado
Archaeological Society, October 28, 1994.

Nubian Skeletal Research: The Last Twenty Years and Perspectives for the Future. Fifty-fifth
Annual Meeting, Am. Assoc. Phys. Anthropologists, April 12, 1986.

Invited Panelist:

Interdisciplinary Forensics: Integrating Anthropologists, Criminologists, Criminalists and the
Legal Profession. Sponsored by Metropolitan State College of Denver and the University of
Colorado at Denver, March 27, 1993.

Presented Papers:

High altitude archaeology in Colorado: An overview. High Altitude Archaeology: A Research

Symposium, 59th Annual Meeting, Colorado Archaeological Society, Boulder, CO, October 29,
1993, '

1992 excavations at site SLR42: The Carter Lake burial. Contributed paper, 58th Annual
Meeting, Colorado Archaeological Society, Telluride, CO, October 9, 1993.

Anomalies and pathologies in human auditory ossicles. Contributed paper, 57th Annual Meeting,
Am. Assoc. Phys. Anthropologists, Kansas City, Missouri, March 25, 1988,

Twenty years of Nubian skeletal research. Nubian Skeletal Research Symposium, 55th Annual
Meeting, Am. Assoc. Phys. Anthropologists, Albuquerque, NM, April 12, 1986. -

Functional aspects of human auditory ossicles as determined by principal component analysis.
Contributed paper, 54th Annual Meeting, American Assoc. Phys. Anthropologists, Knoxville, TN,
April 11, 1985, '

Principal component analysis: size and shape or mathematical artifact. Contributed paper, 53rd

~ Annual Meeting, American Assoc. Phys. Anthropologists, Philadelphia, PA, April 12, 1984.

Stature differences and sibship size; a comparison of college age students and their parents.
Contributed paper, 52nd Annual Meeting, American Association of Physical Anthropologists,
Indianapolis, IN, April 7, 1983 (with A. Kelso and C. Nay).

The physical anthropologist as an expert witness. Informal Roundtable, 1st Annual Meeting,
High Plains Section, Society for Applied Anthropology, Boulder, CO, February 21, 1981.

ifh
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Presented Papers, cont.:

An evolutionary model explaining primate mammal consumption. Contributed Paper, 56th
Annual Meeting, Central States Anthropological Society, Ann Arbor, M, April 12, 1980.

The protein requirements of primates. Anthropology and the Protein Debate Symposium, 15th
Annual Meeting, Southern Anthropological Society, Louisville, KY, March 21, 1980.

‘Teaching Experience:

University of Colorado, Boulder:

1030 Principles of Anthropology [ h 25 sections
1040 Principles of Anthropology Il — 11 sections
2010 Introduction to Physical Anthropology 1 / Y - 12 sections
2020 Introduction to Physical Anthropology 2 Kg' 5 11 sections
2030 Laboratory Methods in Physical Anthropology 1 _—_— 3 sections
2040 Laboratory Methods in Physical Anthropology 2 1 section
" Metropolitan State College of Denver: _ _

101  Physical Anthropology and Archeology 8 sections
210  Human Evolution _ 5 sections
264  Archaeology ‘ 1 section
311  Human Variation : 3 sections
315  Primate Studies . ' 2 sections
498  Human Osteology - Independent Study _ 1 section
498  Osteological Research - Independent Study 1 section

Research Skills:

ARCHAEOLOGY: Field and laboratory methods.
QUANTITATIVE METHODS: Univariate and multivariate statistics.
COMPUTER SCIENCE: Computer programming, word processing,
database, statistical packages, and spreadsheets, and Apple,
MS-DOS, and Windows systems.
OSTEOLOGY: Identification and description of human skeletal
remains, skeletal demography, dental metrics, and discrete
traits.
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