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Executive Summary 

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 

( CAO) Technical Assistance Contractor (CT A C). 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 a CAO procedure and plan, and a CTAC desktop 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: 

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

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 

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 elicitation 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 (view graphs are attached). 

5. Presentation and review ofissue(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 experts. 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. Prepararion 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 consist_s of the initial amounts and particle size 

distributions of six material groups (i.e., I. 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 • 

panicle 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 results of the elicitation, in the 

form of a set of viewgraphs. 

I 0. Review and approval, or dissenting opinions provided by the experts- The expert panel reviewed the 

viewgraphsand 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 

a statement that the resulting set of viewgraphs adequately represented their judgment (view graphs 

and signatures are attached). 

11. 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. 

lt 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. lf 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 

(CAO) 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 CAO Expert 

Panel Elicitation Plan, Rev. 2 (DOE, 1997b ), and CTAC Experimental Programs desktop instruction 

CTACIEP-DI I, Rev. 0 (CTAC, 1997), and the results 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, 1996a) 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 April25, 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, resolution 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 a 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 inadvertent intrusion, resulting from 

consideration of the initial particle size distribution at the time of closure and the processes occurring 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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• the fonn and relative proportions of the materials initially emplaced (e.g., waste, waste 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; 

• brine inflow; 

• phase changes associated with hydration of MgO backfill; 

• the uncertain extent of anoxic corrosion of iron (Fe)-base and aluminum (AI)-base metals; 

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

• the uncertain extent of degradation of plastics and rubber; and 

• 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, e.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 radioactivity 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 to 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 ofTRU waste 

(Figure 1-1). It also directs the DOE to develop and safely operate a deep geologic repository forTRU 

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 submitted 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 194lacked 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 Ill) that the EPA had received "the full application", per the August 7, 1996 amendment to 

the L W A, and the EPA is currently evaluating the CCA. According to the L W A, 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: 

• Technical Background (Section 2) presents the relevant technical background regarding the potential 

types of materials and post-closure processes occurring in the repository. P A 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. 

• 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 model for the issue, 

subjectively assessing the parameters that quantify the model, and implementing the model 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. 

• 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. . · . 

• 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 P A. 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 ofthe 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 I 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 particle size. 

The physical/chemical characteristics of the materials, in tum, 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 liquids solidified 

with cements. The waste is placed in 55-gallon, plastic-lined drums, larger standard waste boxes 

(SWBs), or canisters for temporary 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, 10 m 

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): 

• iron-base metal/alloys- 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. 

• aluminum-base metal/alloys- includes aluminum or aluminum-base alloys in waste materials; are 

mixed throughout the repository. 

• 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 con~idered separately. 

• 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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• vitrified- includes waste that has been melted or fused at high temperature with glass-forming 

additives (e.g., soil or silica) in appropriate proponions to result in a homogeneous glass-like matrix; • 

are in 7-drum packs; any unoxidized metallic phases are considered as iron-base metal/alloys. 

• cellulosics- includes materials generally derived from high polymer plant carbohydrates (e.g., paper, 

cardboard, kimwipes, wood, cellophane, cloth); are mixed throughout the repository. 

• 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. 

• plastics- includes generally manmade materials, often derived from petroleum feedstock (e.g., 

polyethylene, polyvinyl chloride, Lucite®, Teflon); are mixed throughout the repository; plastic 

packaging is considered separately. 

• 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. 

• 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. 

• soils- includes generally naturally occurring soils contaminated with inorganic radioactive waste 

materials; are in 7 -drum packs. 

• 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. 

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

• lead packaging - includes lead shielding in a remote handled (RH) canister; are located in room 

walls; lead in waste is considered separately. 

• steel plug - are located in room walls; steel in waste and steel non-plug packaging are considered 

separately. 

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

In addition to the above materials emplaced in the repository, salt fragments may separate from the roof 

and walls and mix with the waste, especially near the roof. 

Tbe 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. Tbe relevant iniiial 

characteristics of each material include: 

• initial amount- Tbe percentage of the initial total weight of all material emplaced within WIPP . 

Final Report - WIPP Waste Particle Size 
Q:\V9\WP\MSWORDIWIPP\REPORT.DOC 06/03!91 

Page 8 

• 

• 



 

 Information Only 

• 

• 

• 

• spatial distribution -The variability in concentration throughout the repository (e.g., localized 

pockets or uniformly distributed) at various scales. 

Material 

iron-base metaValloys 

aluminum-base metaValloys 

other metal/alloys 
other inorganic materials 

vitrified 
cellulosics 
rubber 
plastics 
solidified inorganic materials 

solidified organic material 

cement (solidified) 

soils 
steel packaging 
plastics packaging 
lead packaging 
steel plug 
MgO backfill 
salt 

Table 2·1 Materials 

Expected Amount 

(%Total Wt of Materials placed 

in Repositorvl' 

12.6 
1.3 
5.6 
2.4 
4.0 
4.0 
0.7 
2.5 
4.0 
0.4 
3.7 
3.2 

11.4 
1.9 
1.4 
6.5 

34.5 
Note 1 

Note: 1. The amount of salt fragments was estimated, as discussed in Section 5. 

Spatial Distribution 

throughout 
throughout 
throughout 
throughout 
in 7-packs 
throughout 
throughout 
throughout 
in 7-packs 
in 7-packs 
throughout 
in 7-packs 

/ 

all waste containers 
all waste containers 
with RH in room walls 

with RH in room walls 

top and sides of room 

top of room 

2. The amounts of each material wil1 vary among locations as a function of scale, 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 I 0,000 years following 

closure. These processes may affect the physicallchemical 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. Radio lytic 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, !997b). 

They are described in more detail in Section 4 in terms of bow 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 the disposal rooms to a variable extent, depending on how the 

individual waste containers deform and liners 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 occurs at many size scales. 

2.2.2 Corrosion 

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 of 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 corrosion 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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2.2.4 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. 

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 (C02) 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 C02 will 

affect the distribution of panicle diameters and the bonding of waste panicles. 

Anoxic corrosion and the hydration of MgO 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 panicles 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 also 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 mightnot be 

significant. 

2.2.6 Fragmentation 

As discussed in Section 2.3.2, the waste may be subject to significant stresses during inadvenent 

intrusion. For example, the waste may experience tensile or shear failure due to 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 apan, thus affecting their panicle 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. 

2.3 Performance Assessment 

P A of the WIPP disposal system involves estimating the extent to 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., inadvenent 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 b)( EPA. The panel 

discussed the following processes: 

• crushing/compaction is determined from room closure; 

• corrosion is determined from brine volume and competing MgO dissolution; 

• biodegradation is determined from brine volume, as affected by corrosion and MgO dissolution; 

• dissolution is determined from brine volume and competing corrosion; 

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

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

• 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 MgO 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 I 0,000 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 I 0,000 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 I 0,000-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. 

2.3.2.1 Spalling 

/------. 
/ 1 
I /i .1-· 

! . .- j. •'' 
' ·..,_ ... __ ~~ 

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 I 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 is 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): (I) 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 assumed that the entire volume was released 

to the ground surface. 

2.3.2.2 Caving 

As described in Attachment A to the Appendix CUTI1NGS 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 walls, 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 fluid) and a single-parameter representation of the shear strength of the waste (parameter 

name: TAUFAIL). In the CCA, DOE sampled across a distribution for the value ofTAUFAIL, 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 mixmre 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 0.05 to 10 ( "<\ \'. 
Pascal. 

· \:~; 

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 },,,,,. As illustrated in Figure 2-3, this statistical frequency, if known, ·could be expressed as a 

cumulative distribution: 

F{d),,," = [d;, X;], i = l, .. ,n 

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, < d,., ) and (X,< X,.,). The number of pairs 

[d;, 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)v.x.• and standard deviation s{d)v.x,1). 

2.4.2 Uncertainty 

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 p[ { d90 )v.ul or p[m { d )v ..... s { d )v,,,1)). 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). 

If 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 (e.g., mean and 

standard deviation), f{ m{ d )v,,,., s{ d )v,x,tl, This natural variability might be adequately described in terms 

of a specific frequency distribution "form" (e.g., normal) and the characteristics of that distribution (e.g., 

the mean m{ m{ d)v,,,1} 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, 

p[m{m{ d).,,.}, s{m{ d }v,,,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. At a 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) . 

Final Report- WIPP Waste Particle Size 

Q:\VY\WPIMSWORD\WIPP\REPORT.DOC 06103197 
Page 15 



 

 Information Only 

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 }1). 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]J). As the scale 

decreases from the repository scale: (1) the variability in particle 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 locations 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: 

I. Assess p[m{d)" s{d}J over the repository scale at timet. 

2. From step 1, randomly simulate m{d}, and s{d), over the repository scale at timet. 

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

4. From steps 2 and 3, determine: 

m[m{d}v,,,,] = m{dlt, 
s[m{ d )v,,,1] =function of s{ d), and v, 

m[s{d)v,,,1) =function of s{d), and v, and 

s[s{d)v,,,,] = 0. 

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

6. From steps 1, 4 and 5, produce f{ d }v,,,, 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 throughout the repository and the 

uncertainty in that variability), the probability distribution for particle size populations can ·be 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: 

• 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; 

• 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; 

• 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); 

• 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 P A 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 ensure 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 

guide the process tpwards a 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 availableinformation, 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; 

/,.--· 
! 
I , 

~-

• 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: 

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

2. Structuring - The parameters to be assessed are clearly defined (including any assumptions or 

decompositionlrecomposition per the model); 

3. 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 assessments. If more than one • 

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

commonality in problem structure, and identifies and attempts to resolve other differences amongst 

experts (or aggregates their individual assessments). 

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 I, Rev. 0 (CTAC, 1997), which in tum satisfied the requirements outlined in 40 CFR Part 

194.26, the EPA Compliance Application Guidance (CAG) and the CAO-Office of Regulatory 

Compliance (OR C) Expert Judgment Team Procedure (TP) 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 CAO-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 process was open to the public, as described below 

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 Figure 3-1. The materials developed . _ 

during each step as part of the public record are listed in Table 3-1. /:it 
\~ Table 3-1 Expert Elicitation Materials 

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 
3.1 0. Review and approved or dissenting 

opinions provided by the experts 

3.11. Documentation of the process and results 
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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 
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Transcript; background reading materials; 

viewgraphs; form signed by each expert 

Transcript 
Spreadsheet; viewgraphs 

Transcript 
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Transcript; statements signed by each expert 
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3.1 Definition of Technicallssue(s) 
\ 

-....... __ _ 

The EPA has specified that the CAO must conduct an expert judgment elicitation to detennine the 

probability distribution for the waste particle diameters in the WIPP repository during the I 0,000-year 

regulatory post-closure period (Attachments I and 2). This requirement fanned 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: (I) 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, J997a). A model 

variable related to the distribution of particle diameters was used in the CCA model (DOE, !996a) 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, scale 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 detennine 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 [psi]). 

As such, particles are much more likely to separate from each other, rather than to break up into smaller 

pieces. 

As illustrated in Figure 3-2, an equivalent particle diameter (d) is defined herein as the diameter of a 

sphere with a volume (v) equivalent to that of the individual particle, where v=1td3/6. 

Final Report - WIPP W asle Particle Size 

Q:\V9\WP\MSWORD\WIPP\REPORT.DOC 116/t.13197 
Page 27 



 

 Information Only 

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. ,r-
.. ., :' 

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 (CAO, 1997b). They are: 

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

Chemistry, i.e., 

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 I 0.6, 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 

CAO 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. I, 

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, and DOE's Organizational Conflict of Interest were 

selected and offered a contract. 

• The experts comprising the panel, and their affiliation and area of expertise, are identified in 

Table 3-2 and resumes are provided in Appendix D. Two members, Drs. Drez and Gross, are 

considered DOE contractors. 

• 

Name 

The elicitor, Dr. William Roberds of Golder 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: I) 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 relevant 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 input. 

Table 3-2 Expert Panel 

Affiliation Sub.ject Matter Expertise 

Robert Mutaw, Ph.D. 

Paul Drez, Ph.D. 
Woodward Clyde 
Drez Environmental Associates 

Temple University 

Archaeology 
Chemistry 
Chemistry 
Generalist 

David Grandstaff, Ph.D. 

Patrick Domenico, Ph.D. 

Michael Gross, Ph.D. 

Paul LaPointe, Ph.D. 

Texas A&M University 

Science Applications International 

Corp. 
Golder Associates 

Performance Assessment 

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 panies 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 to the stan of the elicitation. 

Additional materials included a copy ofTP 10.6, Rev. 0, (DOE, 1997a) the Expert Panel Elicitation Plan. 

Rev. 2 (DOE, !997b) the Spallings Release Position Paper (draft for technical review, SNL, 1997a), the 1~1 
Chemical Conditions model (SNL 1997b), relevant parts of the peer review reports, and a paper on ( 1\'l ·• 
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 probabiliry 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): I) variability and 

statistics; 2) uncertainty and probability distributions; 3) decomposition; 4) parameter assessment 

techniques, with practice assessment #I, 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 lssue(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 panicipation 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 panicipants, 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 pans, 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 

CTAC Experimental Programs Desktop Instruction "Expert Panel Elicitation" (CTAC/EP-DI 

I) Revision 0, dated May 2, 1997 * 
EPA letter from E. R. Trovato to the Honorable Alvin Aim, dated 3119/97 

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 4114/97* 

CAO QAPD, CA0-94-1012, Revision 0, Section 1.5 (Records)* 

CAO Team Plan, "Expert Panel Elicitation Plan," (Revision 2Q-2) (DOE/CA0-97-2223)* 

Compliance Certification Application 40 CFR Subpart B and Con CD ROM (without 

references) with ERRATA (appropriate sections to be read at the discretion of the Panel 

member) 

"Transuranic W a5te 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 1197 

Final Report, "WIPP Conceptual Models Third Supplementary Peer Review Report," dated 

4/97 

Final Report, "Waste Characterization Analysis Supplemental Peer Review Report," dated 

1;2/96 

Final Report, "WIPP Engineered Systems Data Qualification Supplementary Peer Review 

Report." dated 12196 

"Spallings Release Position Paper: Description and Evaluation of a Mechanistically Based 

Conceptual Model for Spall," by SNL, dated 4117/97 

"WIPP with Magnesium Oxide Back-fill," J. Bredehoft and P. Hall, Version 1.2, dated 10/96 

"Chemical Conditions Model: Results of the MgO Backfill Efficacy Investigation," by SNL, 

dated 4123/97 

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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26. 

Table 3-3 Key Background Reading Material (continued) 

"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 (WlPP)," report of the NEAIIAEA 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. "Mach ina Ex Deo." L. White, Jr., MIT Press, 1968 

30. "Chance & Necessity," J. Monod, October 1971, Alfred A. Knopf. Publisher, New York 

*Mandatory 

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 Delphi). 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.e., 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 3.6 and 3.7): 

• controlled the meeting and led discussions (e.g., asking questions); 

• identified and mitigated biases and/or group dynamics; 

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

• synthesized and summarized discussions and results (e.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 (e.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 imponant 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 (e.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 (e.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}, event B = {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 (e.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 to 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). At the 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, Risk View® 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 panicle 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. ~:, 

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 opponunity 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 parameters 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 panicle 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 parries 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. 

Statements 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 particle 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 inadvenent human intrusion. The concepts of the model are described in 

viewgraphs included as Appendix C. Appendix C also contains the concurrence signatures of the ex pen 

panel members. /--. 

r\/ -<L~;-/ 
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: 

• Pervasive reduction- All panicles will tend to get smaller due, for example, to corrosion, 

biodegradation, or dissolution. Consider the simple example of an initial set of six panicles of 

different sizes (5 through 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. 

• Selective reduction- Some (but not all) particles will tend to get smaller due, for example, 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. 

• 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: 

• Corrosion of iron-base and aluminum-base materials by brine results in pervasive reduction ofF{d}, 

with some particulate byproducts. 

• Biodegradation of organic materials, which is affected by the presence of brine, results in pervasive 

reduction of the particle diameters (F l 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 limited 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. 

• Dissolution of soluble materials by brine results in pervasive reduction ofF { d}, with some 

particulate byproducts. 
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• Crushing of friable materials due to room closure results in a selective reduction ofF{ d), although 

this will be considered as part of the initial conditions. • 

• 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. 

• 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: 

ZCH20 = CR. + C02 
Fe+ ZH20 = Fe(OHh + H2 
MgO + H20 = Mg(OH)z 

Mg(OH)2 + C02 = MgCO, + H20 
Fe(OH) 2 + C02 = FeC03 + H20 

As can be seen, corrosion of Fe competes with dissolution of MgO for available water (H20), and 

dissolution of MgO is probably faster than corrosion of Fe. In either case, salt dissolved in brine 

precipitates out as H20 is consumed. Whereas both corrosion and dissolution produce byproducts, 

biodegradation produces primarily C02 and methane. · 

4.1.2 Material Groups 

The processes believed to affect each of the materials identified in Section 2.1 are summarized in 

Table 4-1, with the double-check marks indicating a higher anticipated biodegradation rate. 

Table 4-1 Effects of Processes on Materials 

Material 
iron-base metaValloys 
aluminum-base metaValloys 
other metaValloys 
other inorganic materials 
vitrified 
cellulosics 
rubber 
plastics 
solidified inorganic materials 
solidified organic materials 
cement (solidified) 
soils 
steel packaging 
plastics packaging 
lead packaging 
steel plug 
MgO backfill 
salt 
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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. Salt is 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. 

5. Rubber/plastics are subjecno biodegradation. 

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: 

• Corrosion of Group I, Fe- and Al-base metal/alloys; 

• Biodegradation of Group 4, Cellulosics and Solidified Organics and of Group 5, Rubber and Plastics; 

• Dissolution of Group 6, MgO Backfill; 

• Cementation of all materials; and 

• Encapsulation of all materials. 

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 

,.----. .. ' 
( ' '- ' 

1\fi . : 
' ~I f 

~· 

It is assumed for this model that uniform corrosion occurs (i.e., t:.r is the same for all particles 1) 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 assumed for this model that uniform biodegradation occurs (i.e., t:.r is the same for all particles') 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 occurs (i.e., t:.r is same for all particles 1) and a 

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, MgO 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 

room closure if the waste were not there. All particle sizes are equally likely to be encapsulated, which 

• 

• 

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

that is, the rates are equal to&, 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 

particles decrease from their initial radii to smaller 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 

approximately independent of other processes and other materials. they can be analyzed separatelv and 

then subseguently combined. 

The pervasive reduction processes (i.e., corrosion, biodegradation, and dissolution) are all assumed to 

occur at a rate proportional to surface area (i.e., t:.r 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}l = L; w; IF{d}l; 

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

processes, 

IF{d}l; 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 i 

The above algorithms have been implemented in an EXCEL 5.0 spreadsheet (Microsoft), which is 

presented in Appendix B. 

4.3 Model Parameters 

Based on the discussions presented in Section 4-1, a comprehensive and mumally 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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• The initial amount and population of panicle diameters for each material group; 

• The extent of each process to which each material group has been exposed, which is provided by PA 

(Section 2.3); and 

• The panitioning of dissolved materials into paniculates and cementation products, and the effects of 

cementation and encapsulation on panicle size. 

4.4 Variability and Uncertainty 

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 panicular 

process may be very uncertain but very similar (highly correlated) for all materials. 

The uncertainty in the population of panicle 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-in. 

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 panicle 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 representative 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 PAis outside the scope of this elicitation . 
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5. Parameter Assessments · 

This section presents the expert panel's assessment of each model 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 rypes 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 ofldaho National 

Engineering and Environmental Laboratory [INEEL] drum sampling program). In addition, the bounds 

(especially the lower 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.e., piece-wise power law, which is piece-wise 

linear when log 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 m3
). The various materials comprising this group, and their approximate percentages and 

average particle sizes, are summarized in Table 5-l. The CCDF of particle sizes for this material group 

is presented in Figure 5-1. This CCDF can be expressed as: 

1-F{v) = {l.OE-6/v(m3
))

0
"
88 forv>lO .. m3 

= { l.OE-9/v(m3
)) 

0
"
0043 for v<lO_. m3 

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

Number of 

Material Particle Volume (m') Particles 

waste 2.50E-07 4.00E+06 

waste l.OOE-06 1.50E+07 

waste l.OOE-05 8.50E+07 

waste l.OOE-04 3.50E+07 

waste l.OOE-03 1.10E+06 

drum 4.50E-03 7.30E+05 

SWB 5.00E-02 4.46E+03 

SWBOP 6.70E-02 4.46E+03 

canister 8.30E-02 7.10E+03 

plugs 3.58E-01 7.10E+03 

total number= 1.41E+08 

total wt (kg)* = 7.44E+07 

Note: *density for all materials is assumed to be 6 grnlcc. 
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5.1.2 Other Metalsllnorganic/Vitrified/Soils/Cements/Solidified Inorganics 

The Panel estimated that this material group ranges in size from solid inorganic paniculates (5 micron in 

diameter) to vitrified drum size (0.21 m'). The various materials comprising this group, and their 

approximate percentages and average panicle sizes, are summarized in Table 5-2. The CCDF of panicle 

sizes for this material group is presented in Figure 5-2. This CCDF can be expressed as: 

I- F{v} = {IE-16/v(m3
))

0
·
88 

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

Total Particle 
Mass Density Volume Number of 

Material (kg) (gm/cc) Size Units (m') Particles CDF CCDF 

inorganic nonmetal · I.OOE+04 2.5 5 IDICfOO 1.25E-16 3.2E+16 8.69E-OI 1.31E-OI 

<I Omicron 
Pb- particulate 1.56E+06 11.3 100 micron IE-12 1.38E+I4 8.72E-OI 1.28E-OI 

gloves 

inorganic nonmetal - 1.50E+05 2.5 100 micron IE-12 6E+13 8.74E-OI 1.26E-OI 

<212 micron 

soils 7.42E+06 2.2 0.1 mm IE-12 3.37E+I5 9.65E-Ol 3.45E-02 

solidified inorganics 9.25E+06 1.3 0.2 mm SE-12 8.89E+14 9.90E-Ol 1.04E-02 

cement 8.56E+06 2.8 0.2 mm SE-12 3.82E+14 I.OOE+OO 1.6E-09 

inorganic nonmetal • 9.80E+05 2.5 2 em S.OOE-06 4.90E+07 l.OOE+OO 2.74E-IO 

intermediate 
inorganic nonmetal - 4.54E+06 2.5 213 cc 2.13E-04 8.53E+06 l.OOE+OO 4.27E-11 

coarse 

other alloys - 2.60E+06 8 2.3 kg 2.88E-04 1.13E+06 I.OOE+OO 1.2E-II 

crucible 

Pb bricks 3.64E+06 11.3 0.001 m3 t.OOE-03 3.22E+05 l.OOE+OO 3.27E-12 

Pb4'x2' 5.20E+06 11.3 0.005 m3 5.00E-03 9.20E+04 I.OOE+OO 7.75E-13 

lead RH packaging 3.24E+06 I 1.3 0.037 m3 3.70E-02 7.75E+03 I.OOE+OO 5.65E-13 

vitrified 9.30E+06 3 0.53 m 1.49E-01 2.08E+04 I.OOE+OO O.OOE+OO 

total wt. (kg) 5.6SE+07 total number= 3.68E+16 

5.1.3 Salt (rock) 

The panel estimated that this material group ranges in size from dust (I micron in diameter) to half room-

size slab 2m thick (1000 m'). with an average value of 10"5 m3
• The amount of salt fragments was 

estimated to be about 2% of the original room volume, based on available room porosity. The CCDF of 

panicle sizes for this material group is presented in Figure 5-3. This CCDF can be expressed as: 

1-F{v) = {IE-18/v(m3
))'-

00 

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 paniculate 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 S-4. This CCDF can 

be expressed as: 
• 

1- F(v} = (1E-Il!v(m3
))l.

05 

although a separate description could be used for 10·11 m3>v>l0.,; m
3 

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

Total Equivalent Particle Number 

Total Volume* Density Diameter Volume of 

Material Mass% (m') (glee) (em) (m"J Particles CDF CCDF 

solidified organics 980 2.0 0.002 J.OOE-11 9.80E+I3 0.99999 5.3E-06 

(1970-1986) 
solidified organics 172 2.0 1.0 IE-06 1.72E+08 l.OOE+OO 3.5E-06 

( !986-present) 
Kim wipes 5% 512* 0.9 1.3 2E-06 2.56E+08 l.OOE+OO 9.4E-07 

sm paper filters 10% 1024* 0.9 3.0 2.7E-05 3.79E+07 J.OOE+OO 5.5E-07 

20mil 12'"xl2'" rags 15% 1537* 0.9 3.6 4.70E-05 3.27E+07 J.OOE+OO 2.1E-07 

IOmil IO'"xl2'" 10% 1024* 0.9 4.5 9.IOE-05 1.13E+07 l.OOE+OO 9.9E-08 

cardboard cartons 
HEPA filters 15% 1537* 0.9 6.6 2.90E-04 5.30E+06 l.OOE+OO 4.5E-08 

wood frames for 10% 1024* 0.9 7.3 3.90E-04 2.63E+06 l.OOE+OO 1.9E-08 

filters 
1.5 m' 10% 1024* 0.9 9.1 7.50E-04 1.37E+06 l.OOE+OO 4.6E-09 

coveralls/booties 
HEP A filters 15% 1537* 0.9 16.5 4.50E-03 3.41E+05 l.OOE+OO I.IE-09 

wood frames for 5% 512* 0.9 18.5 6.30E-03 8.13E+04 I.OOE+OO 2.6E-10 

filters 
2"x4"x3/4'" plywood 5% 512* 0.9 27.0 2.00E-02 2.56E+04 l.OOE+OO O.OE+OO 

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 (lee) to 90 mil drum 

liners (0.03 m3
). 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-5/v(m3
)) l.l5 for v> 10-4m3 

= ( 1E-6/v(m3
) )

0
"
124 for v<IO_. m3 
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Table 5-4 Initial Particle Size Distribution (rubber/plastics) 

Particle Number Total 

Volume of Density Weight 

Material (m") Particles (glee) (kg) CDF CCDF 

drum HEPA Filter l.OOE-06 l.OOE+06 1.14 1.14E+03 2.21E-02 9.78E-01 

gaskets 
smaller plastic l.OOE-05 l.46E+07 1 1.46E+05 3.44E-Ol 6.56E-Ol 

pieces 
rubber gloves l.OOE-04 4.00E+06 1.14 4.56E+05 4.33E-01 5.67E-01 

small plastic bags l.OOE-04 2.19E+07 I 2.19E+06 9.16E-01 8.41E-02 

drum gaskets 1.50.E-04 7.30E+05 0.5 5.48E+04 9.32E-OI 6.80E-02 

SWB gasket 4.50E-04 8.92E+03 0.5 2.01E+03 9.32E-OI 6.78E-02 

Pb rubber gloves l.OOE-03 I.OOE+06 1.14 1.14E+06 9.54E-01 4.57E-02 

large plastic bags l.OOE-03 1.46E+06 1 1.46E+06 9.87E-OI 1.35E-02 

Pb rubber aprons 4.00E-03 l.OOE+04 1.14 4.56E+04 9.87E-OI 1.35E-02 

90mil HDPE liner 7.70E-03 6.00E+05 I 4.62E+06 l.OOE+OO O.OOE+OO 

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 inm (SNL, 1997b). With this 

assumption, the CCDF for the MgO backfill can be expressed as: . ·-, 

1- F{v} = 0 for v>Jo·• m3 

= I for v<10'9 m3 

5.2 Effects of Processes 

i/ _,.r 
.\
. /! .·:? 
\ J Jr'/ 

"--· 

In addition to initial particle size distributions for each material. group (Section 5.1), the byproducts of 

corrosion and dissolution were estimated by the expen panel as follows: 

• Most of corrosion and MgO-dissolution byproducts 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 25% of the corrosion and MgO-dissolution byproducts will precipitate out as free 

paniculates, 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 paniculates will range in size 

from 0.1 to 10 microns, with an average value of 2 microns. 

• 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 I 0% 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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• As shown in Figure 5-7, it was estimated by the panel that the particle sizes would approach room • 

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

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 ;~ \ 

has been assessed in various ways: ( /il · 
' J 

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-Ithrough 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 forlarge 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 

Wt Vol Vol Seatial Varlabili!! 

Material Group Wt% (kg) (m') (%) Lateral Vertical Location 

Fe- and Al-base metals 28.9 7.4E+07 1.24E+04 14.3 waste container waste container every container 

Other metals/soils/etc. 22.1 5.7E+07 2.04E+04 23.5 variable* waste container variable* 

Salt 9.1 2.3E+07 1.04E+04 12.0 room 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 J.OE+07 9.93E+03 11.5 waste container waste container every container 

MgO backfill 31.3 8.1E+07 2.21E+04 25.5 sides of room 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; 

• the extent of biodegradation of cellulosics/solidified organics; 
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• the extent of biodegradation of rubber/plastics; 

• the extent of MgO dissolution; 

• the porosity of the waste; 

• the amount of precipitated salt; and 

• the amount of salt encapsulation . 
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Figure 5·6 Precipitation 
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Figure 5-7 Cementation 
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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 P A, 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 human 

intrusion can be developed as a function of the estimated extent of processes which have occurred up to 

that time, as predicted by P A. 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 P A. 

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 waste groups, as 

well as the characteristics of their degradation byproducts and dissolved constituents at the end of the 

100-year active institutional control period (see Section 5), these results are based on the following 

hypothetical inputs from PA for the specified time of intrusion: 

• corrosion of iron and aluminum base metals is 50% complete (i.e., 50% of the material remains) and 

has removed a depth of to microns on average from every surface (i.e., a change of I 0 microns in the 

radius of an equivalent spherical particle); 

• 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); 

• 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); 

• 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); 

• porosity of the waste which is available for cementation is 20%; 

• 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 

• 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 

=~~~~u~. 
• 

As shown in Figure 6-1, the initial particle size distribution shifts to the left (i.e., smaller particles) due to 

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 !cubic 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 I 00-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 tbe 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. 

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 1 00-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: 

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

• Discrete single value - one of a finite set of possibilities, such as which material will be intersected 

by a borehole; 

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

• 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, is 

necessary. The assessments involve estimates of the possible values and their relative likelihood 

(probability distributions) for each single value parameter (including Boolean, 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 

f " .. 
\. 
'· 

• 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 quantified 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 Consisiency 

Similarly, the group of experts is relatively large and was selected based on their qualifications in the 

various areas of interest and on their Jack of biases, as well as their availability. Hence, the gtoup 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 Jack of bias, it is unlikely that, given the same 

information, another representative gtoup (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 parameters, 

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 characteiistics. 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 gtoup (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 gtoup'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 (e.g., parameters of the power law) were used in some cases to fit the expert's 

assessments. In other cases, specific assumptions were used (e.g., 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 analysis costs for each alternative 

modeVassumption) and would not be expected to be very useful unless the current modeVassumptions 

result in particle size populations that lead to unacceptably high releases, which in tum, 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: I) 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 probability distribution of particle size populations 

does not change. It is unlikely 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 defensible, 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 tum can be used by PAin 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. 

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, although it is 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 . 
/-~, / _.!~, 

( /J.->.~;~f· 
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9. Review and Approval 

This report was prepared by the elicitor and reviewed and approved by the six subject-matter expens, as 
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aaaeaamant IU'e ot~ cone•=· 1 have cU.vidad thalli Sl paraMt:era 

S.Dto three d1ttcr,a\. .o;a1;••5Jori.aa, aa.eh of wMeh i.e 1isted in a 

aepasate encla.u~~. · 
. ' 

't'JM £ir•r. ••~ ot ~:~uamClte:u ie . thea• fczo wb.ich we have been 

unable ~0. filld IUt'portiniJ 4ata. (eee Enc:l.C.IUft ;,U. H)' l~&ff hal 

A&en lol01'k1J:I9' coat.:l.nuO>&aly ait&aA )loYambar co ••tabl.:l.ah tbe · 

t:rac:aabilit.y of t~a pa~:amet.er .n4 data record package• t:bat 

e~ t.h&·i~t:.~paramater v
~luel u•e4 in ~;ne perfo:mance 

aeueca.-nt. ·The ~~c~ canter ha.·graatly'improve• aince 

t~ovelftbe:r. 1fa encopunt• ~he Depa<Rmant t.o continue wit~ thlll 

impzvva-nc.a eo tao!l.ic.at• r•t~ieveability of recorda. To c\ate, 

1J xey i~t ~ar~atere·are either nat •upport:.ed by 'experimental 

or. fiel:4 data,. ozo; tne C&ta. tr&:l.1 ~- \lllt.racea.tllo. '%'he eo-.l:Lanc• 

C?ita~ia. at:. 40 0.1.11.. UJ4..211ai, cle~ly inclic:&te-tha~·.in.,ut:. 

paramatara abeuld be baaed on aotual axpa~~P&ntal-dat:.a, ·~o the 

-~~ont ~hat 00~~:1.~ irr.put p~r•m~t•r values cannot ~. ~~ta:l.nad 

• 

• 
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3. 

~h~o~9ft da~a aollao~icn·or e
xpari~entatiPn. DOZ may dm~ive auch 

valuaa ~in; ··~·r~ 'ud;ment.• The ~liance cr~teria ••t 
~o:th ~licit ~·~1ramenta 

for thv p%cpe~ ooftdyet of elioi~a~ioft 

of auc:h expert j\U1pent. Th1.1oa, 111. accor\\a11.ce With the c:ampl1anca 

Crit.e:ia, DOB.m~at:providca tat followini a~pPolt to: the cr1t.1=al 

i~put parall .. n:•~• tl<at appotar to 0. \lft~JU~~Port:a4 by act.ua.l c!atfH· 

(l) documentation Of a~\l&~.data collection aadJo~ reaul~• of 

tncper111111nt'ae1on; OZ' (3) ~S....onnrac.ion tl:oat BPA' • axpen :l•l~~nt 

proc~auraa ware fo~loved.in aalect.in; tbe parameter val1o1oel, 

'rfta ••ronnc! aa~ of .tiva 'in'PUt parameter& .'are t:boae for which 

EPA haa :evie~•~ t~ aupportiDg .in!crm.t.1o~ and ~ina• that the 

lnto~c.ion ~n ~h.i :a~o~ &\lpp
o~ta a valua or ~nge of ~aluea . 

d.iffe:anl:.. fro11 tbolla aalected by SX)I !aea 11:1\c:lonra ::i) . l'fl 

•~ggcac.a that naw ~aluea,cr rangaa ba aelacted fer ehaaa 

par~tera. My·;· ff v~ll·~• available to~~~ with.DOE to 

explain theae *Uf! ato4 chaapa. · . . 
. . . . ' . . 

' . 
'%'he Unal e•t( c! ·<tO .input: para11ata're an tboaa f~ whic:h 'Sl'A . 

baa raviawad tha •upPCirt.ing dk~a anA baa quae~iona a»o~c t:fta 

value,., aala'C~eil !·c .... Znc:lown 4). My etatf will' be ava:Llabla, 

to ~eat with DOS ~tatt.to review tha aupportin; doc~mentat.1on tar. 

ea~b of thaae·parQmacara to •••·ii chaftgaa to the valu. or. range 

aelected for ••ohipaz~~ter are needed. 

The third araa of conoe~ relat•a.~a ·~•citic acenariaa that 

were ali11\ina~a4 fJtDIII ehe .c:::A• •. pe:tfo:nnanc::a ••·•es•man.t · 

c&l~~lacioaa. ~lyeu know. conceptual model•· re~reaeat..cur 

unQ&~atanding at ~IPP an4 inc~ude diffa~ent typ11 ol ·accna;toa, 

such •• numan ace1~t~ca (e.g., l;ls'il.l.inwl ·IUUl·polCI9.i.C proealo,lal 

!e.g.,· aut:~), !:bat c:ov.ld oc~·ovar ~be replato%): tiiH 

!r&IIIS. I'A h- ••neludecl, •• have nll1narcNI! pv.Dlic CCIII!IItlnta:ra, 

that the CCA doea~QDt eefttai~ adaquata.~uatiticac
.ion f~ . 

alimiftating coneiferation·at the occurrence ot certain tluid 

in:lactl.on ecanar1~a at .WIPr. There~on, lll'A :rocpj.raa d.e.her 

add~tiaoal sUbat~tiation to 1upport the al~ation cf·fluid 

injection •=-nari~l fzam p•rformanca aaaaaamanc. caleulationa, or 

re~iaion of ~ha ~Tformanca ••••aBmant. to ift~ludc appropriate 

tlui4 1nject1on .•f•nario•·· 
I 

tt-n t1ZLt0810t rYJ ft:tt «31 L818l't0 
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The laa~ ~~am of oGno•~ rela~•• ~o the final rea~l~a.of the ~ 

performance aaaaaa=ent calculation•• .~inee ~ha p,arfo~ariee 

••••••ment rapr•••nte now WlPP 11 expee~ad ~o pcr'o~ ~ tae 

future. it ia crit.ical·thu.t sica eh&z:actariadca,· c:gnceptual · 

n~cu!ela, coiiiPu.taz- ccaa11, am! input paraaatera l;Ja al repreaentat1ve 

of the 4~apoaa1 •y•~•m a11'poaaible. ItA baliavea.that fina~ 

reaolution·of the tr~•• ·iuauoa idanti!ied·aboYa may reault i~ 

different par~ormance •••~•am&ne inpu~ va~~••• ••·wall ae 

revieiona to 101111 of the moclala. Fllrthsr, IPA ia aware t.nat aoma 

mocSela. have already been o:ban;•c! ~ 001 and it• c:cm.n'"tore. 

Aoeorii.nt1~. DOa wLll ~;~rol:>&bly need r.o rerua the ~:~artormaaaa 

••••••m•n~ to demo~atrate that tha WIPP complill with tn. 
diapOI&l Cr~t&Z'1& Uaing tha zev~ltd modale, input paE&aateWW and 

scen~ioa. If PO~ dao14ae not ~o rerun t.ha ·P.rfozmance 

aaaeaemen~. che Depareman~ will have to damon.~~ate ~hy tba 

sn=bin•d ~ffeet of all the ohlngaa L• not aignificant .enouSb to 

require nav perfc%'111ancc aaaeaamant ocm~putar rune.· AZl inr:Uvic!ual 0!,·-----. ,·· ·. · 

impact ~nalyaia.o~ ea~·~nans- ~be~ doaw no~ taka into •eecUnt 

the •ynezgiati.c al'lll!. holbt1c aftect11 of· a.11· cf tl\r:' changoe will 

not be auffieia~t., Thia.naw perfo~• aalallm&Dt or 

dem'M>itt.ration Wilt.i.nable ua to complete our revi&w of tbe.cCA . 
. . . 

'I'ba abcWa ~"l'o'••t• 1 · a~ -1i a• • CIOII\Pbt• U.at.iq 'Of otlUar 

Agency ccnc:arna. ue explainecl in ciata.l.l in taelen1uraa l-& to ~ 
thil letter. Enclosurea 5 and 6 liat fin411\fa from ~aent 
qua.Ht~ aaaura.nc:c ,and peer· review aucSita conducted to varHy · 

c:c:~nfcrma~~.ce with the Compliance- Cdteria at 40 C. F. Jt, . 

. n.t~.u <a)(l.)· •D4 ·11" .2'J lit).; r .. peot.ivs'ly. Tha hRu- de11crib•4 

in thia lettal' and encloa~,~r~~a include EPA'·e out.ttanc!i:ng coneerru1 

with the CCA. tn.order to fac111tate ~~·•.dM~iaion-maki~· 

proceaa. pl.aaae a~n4 me a-letter 4eer:;ril!j.n!iJ h-. ani! when, tlte 

D•p•rtment 'Will n,olve thaae ·ccn'cerna. 

, 

~ 
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Thank you fo~iyou~ eontinued eo~eration during· our :.view 

prooaee. Should .'YPU have qu•at1ona :ugarciillg thi.s requ••t .• 

plea•e call. ma a,; ~2021 ;a:n~tno. 

coa Mary D. Nichclle CUAl 

'1'o!ll Orulllbly GDOE/KQI 

G•orge D1.ala· j (COl/tAO) 

. . 

. . 

Sincerely, 

. t_ t1'~~ . .171· ii"Z:lA:I' 

1. R&mona·Trovato, Director 

Ott1ca ot ~d~ation ~ Indo~ A~~ 

tt-113 
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bt:IIISurc·l 

'WU'!' Cocnpllaar.e Cm~atlcm Applladva Teda!lU.alluuu Reqairlzl& Ach!ltioa.lll 

bformatln Prior to EPA!IlcnclniDIII Cn1Uicatlea. D•tlliaa. · 

Cgntcnr n'CompUmsee c.~,.riQn A!ie'ic""ON 
/ 
I -·--·. 
l ~·. 

\ 
1Jc.14(a)()) , . . .. 

SectiCIII 194,1 4(&)(2) llltcllbat the clcacription o! tho d!.Jposali)'JIIIn shall inelllliaa description. 

of the rDOlo&Y, geopb)lalel,l h)'dl'apoiOI)o b)'IUalo&r, anDIIDCihlmlstry. of the ditpoulsyums 

and i~ vleillity llld how thise 11111 cxp.:dlld to cbaago IJIII inlll'act over tho reslll•ton' time &IlTie. 

The CCA idaAtlfi•• 1111,.; ~cm'oftbD Dtl.ldn tahbe b~&lllacla ia. tM 

C~ebra: The ~011 ~f 1M reletimuhip bttweeD ~ by~ facicl Ol1d. dlt . · 

;rDIIDd-"' bella aWe~ ia DO& ..Dq\Utl. SIDI:ioD 2~1.4.1.2 brieny m=llmu a porearilll · 

rdatlcnslrip lnat doca not pl!ovi4t aupputt for tbc relllli.cmsllip. · . 
. . . 

DOE ,..,.u to p•ovlll1111 dti'CIII•IPII ofrhe ort,ln Q/tll1 JrydrociiiiiiJcaJfttdu thllt W:o~ 

.tJw modu•d Clllehra pa}.rflow tllrraioru with pot:#wmical prl~~t:,la. · . 

. . 

1ll4.12(c) ; · . . 

Slelion 194.22(c) reqllhnJhar lbl mmpiianco applica~cm d;s;ribe, to tbe nrtftt praodcabll,. 

1\ow daw uoed ~ tvppoft .mpli-• havio \oeim U&fluad for 1M five tef'cr==cd claUI qva}lty 

clwlcrcriJiic:l: IICI:IIlGy, J1Cofsi~ ~IIU~SI, C:OmplctcDII$ and C:OIDJIIIJabllity .. 

. Seesit~~~. SJ.ll.l of~o cQ\ 11at111blt" ...ill& 110\ prudc:al tD apply dMI·rtuality ~CI 

to IDOJt scientifiC: illVtlti~lllliSIIl to JUppart I pcrformuc:c I.AIIllnODI tn Willdl chew b 

~t)' 1ft~ OOIIIII&ptoj;ol lftll4iebo ud the IUIIhaftt tuiiii'Of Jl~,'' 

W1Jill rome iPJ,IDnnlltlon r,.,r #IIJIPO''" rlrll ,,_.,., - ,Hwid.t11n rlrll CC.(. EP .A r~~lrc1 

pdJiliDNll doewolllaiiCJIJ/1om DOE IWIVP,POrll tiM CCA ,.,_,.,,.tJ UIU lptlqflc 

lftUJIUitldata poiJIII Cll ~·· . 

. ( 
Motlclrmvl C:Ompwcr '* 
04.U(a)(S)(I) . . . 

Seciion 194.l3(a)(J)(I) ~fll1hll ~ ecmqlliaDcl appll.i:lllloli Wlllndlldc aocumcDtAtlon 1hot 

conupnaal modelaiUid scat~t.rio• u:uoiiWbly ~sent po11iblo future 111.111 of the disposal 

JY~ . 

,. 

ctuconoc rv.i et =tt a:u L&/8l:to 
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It ill V.~A'a~U~dcrat&ndlq tlia1after u inltlal'Bl GrlUiha inwlin, subseqvcnt !2 d:U\i.aa . 

iD.CNSiam do DDt pro<IUOt nleaJU ,11 spllliap or~ bi'W tcloau. lt II net clnr whllchcr.lhil 

i• • Dlod•li.., ollleoma or Ul ~· 

DOE IIHtb tc provrdl 11 t/qt:rlpn/111 qf~,_ lrnp/•;,.•nlali•n t~/1111 &2 ""',;" rlu.r tultiHIICI 

,,,IJif.l ~ a~~Dtlltr n ..,,, oa:urs • . 

1P4.2J(a)(S){I\I) 

Section 194.23(a)(3)[iv) .W.s llllt eolllfiUI=t modds lmlSt aecuratlly implsment till n\lmertc:al 

model1; l.r:., CODipWIIt liWaa arc=~~ nf oodi.., erron.Mil prtiliuee JJable solutiDJII. 

(I) Testina of the 1\ulctl~ req~ for &ECO'IfW 11 uau!a~t.od lD 1ho .cCA.•.· 

veli4auM doeuments .. 'nui infilrmaliml. premned In tbl Aoalyail Plan (provtdlcS in D=embc:r 

1996) addmaci lhls ;qnqcDt from 11 tampleteMII aWidpalm: howcva:. lbD •llizlc of tbll 

S!!.COTnJ)'Ia Dill ra.·bn~a, Maqllm. · 

DOE 11Ud11o lilt SBC01PZD willa. a hatiOfiMtllll t~mu..:W1v~~y Jl•ll.. 

(2) ~ aPfltMJ to be a ~ius ba1ua ~'blem in SECO'n'2D ilia c01114 Ql!P tile eampii!M 

code ID ~ C41lc\1Jat!DN wiiA mon 11\d lllu. ilwlcur:aze!Y lmplcmaat the Jl-Ptnerical ~Od!ll\1. 

DO£ ,..,u· ~ ~vut. t111 qnlll)ils.t tdrllt -~~ bal"""" I~ SZCOTI'2D •Nllt1 ~r:u e~rt 

ealcwlaliou G/ ratilonucllb trarupo~t Us rlw Cvi•Ara. . 

(3) Potcnlial-ft .,.. ~ folmd b-th8 _;u_. c:oda. 

DOE 11Hdl 10 ldn~W' ,,.,.,, ttair.ltlrn hunfowm ,;,, ,.."'P"''" .. ,.., ,,_ rlw PA . 

C~Jlea~IGdt~v wtrt rlllt/tn ilu Jtlll9JS16 CC.C o~ubmLrlloll DO£ nudl ttl i•scrlbt rlreiMpm 11/ 

tlrr~~e ,_,n 011 tltl ,.,,ull6t.of PA. . . . • . 
.. 

(4) Wbilc tl!D'"JJD ofltlliqlorthl SBCOl:D cocia 1PPH1J &D L.e~ 'lhl montclcv&llt 

. ICIII (llalelt iD Rei; 01 d 2.5, iW!'O 4,G'7) - OQI)' bl'illflJ tliHrillolt, ud lftt rMillta are DDt 

prcatHid. . · ... 

1b ,.., rntllllor~td '" R~ IS JtUd 10 k .[WIY.d~r:tlb•d.;,. ,;;. P.iulit I"DVtDitl. 

l94.U(e)(J) . . . . . •' . . . . . 

SKtiOJI I 94.2l(c)(l) reqW.Ihlt tb; CCA iul;ludt dclliltd iulnleliom for-· the 

COfllpullll' coclu, izlollldlq hlzdw.n cd IOftWare rtqWfllncntl,iapul .ud Wlp\ll tormau, 

liltill&• af ilaput and outpilt fUca from a sample campu~m 11111. '*- · 
. . 

tt-11!1 ClZLtOSlOt IYJ tl:tt Qll LI/Gt/tO 
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NUTS VuiUtloo Oaclllllel)t, Pill& 120S: EPA cmnma~!lti lD tbo Deceml:u:r 1996 1.-r that 

mae ls no obvlo111 pey.i"l ~n fer oscillaliOJII in rht oonoc"lftllon p:at\le 11114 an an • 

CG~KCtD~&biiiU l:bc ~ olt!ul •llns. DOE rerpo.!llicld.lhlt the "IPPUIDt.o~e:UI.atlons'' 

&l'l "IIWiy concentntion ~ulatl-ms clue 10 die veloeilY f'~eld llld ~ arid wt was 

Wild. :OOE llao tt&lt411laf 110 aatmpt,.,.. made "' ~IU&II7 tol.-e !be problam atleribe4 in the . 

lftl.. b1n w..o. !he=; Wll 10 diCNmlzle 'IVhetblt NtiTS =uld rrW:: tha tciUlu . . 

oompatod '11)1 an hide wchlliqul (i.,., MTSD> Jlvodm YClOCII:)' fte\4. 'tiw may be 

we. lleboup .tualau tw'C! 1nllet: (l) liMe MTlD Is ia.o.wn tc ba¥1 prolt1cmJ tlroGuclq 

accur&ta aolUtlcms, 111. eaaapllally pcr!=t maldl of the NUTS mulls to tbNe ilweur~\el dou 

110t producl contl4alce :?i"tbl Nt1Il ~e Ill plcMI:llqalllluraat •alutiaM: aad (2) the fac.t 

Ilia! !be ••me cleat= of =mm=~~leidl.to euclly 1M .AD1cvel of Wmm='lln b1:11h 

codas ls IUIIIJUII behavior r two ~atly formuW.cd c::oaa. · . . 
. . ~ 

DOE Jhi»U4 uu rill eomp~nr coa SWIFtrri~ NUISfor ria. Um. problnl. Mrll ""@w. .\ 
eutpricJfl thtll tiR pill be ~~JIM -111 ~ prr-IM .,. ,_,. Jolutltlll.. · / ) 

. i . . . . . . . . . . . 

l9UJ(e)(4) 
SDCnlau 194.2J(e)(4) ~ lbal det.illlll. Uacripti0111 of data .:oUcctlon ~ldlfta. 10\ltCBS of 

tiata.llata rtduction _and ~y1l1, 1114 code lnput piDIIICf« d•Y81opmcm m111t be dilc\\mu*- lD 

tbeCCA. . I . . . . . 

. . • : • 
• t .• . • 

(1) Co=Cms rcganting ~" Jllll:l:lr ~ ~U M:c4 Ul ba addreud. Spe•Lftoall)', w 

inflmltlldaa~~t~llle incoroa a( ~he IIDhydthe bcl.vior b vary IIMI'Il.all doet DOl ~ · 

lbe dmileclb:l!ormllriDII n . Ul reprocila DOE'a relllks reprdiq tbe incorpomton of 

p111D1CIIItll1y 1Dd pot'OWy · · · ,. . · · . • . 

I 
. 

DOE IMti# ro provlfb l~tulllll ti..Gt uplalru rhl·"'""flhlol)' 9 wltf•lt rlor Pl'"'•ohmor 

v•ntU ,,...,... -.-. ,.,,If pQroJfty.¥tmu pnllidl t:IU¥11 ,VIVI dtvtltl;«t DOZ,.,.. IIJ 

IQC]Iloin tht ,.n..e,hflll}' a,u1 porotll)l cunv p1111111tli ~ Uta 1.01'4 f~ ra riM AlltrarP? 

lll rc1p0ra• ·.,, t'- l llMJ ,.....,. 111 .AI~trt~.,.t CJt,. ~:~l'lllriM 1 ll4/i8 111111111 frtl• ICIITI /.tln.Qn to 

Mlltal.tnd OM llllwrl). i . . . . . . ' . . .. 
' . 

(2) Con . n11 rqudiJIIa ~~ 1lllllmiNivity tcaii.IP: nW ranaia. A low tnmmlliiviiJ. rqiou 

appem tOJI&i&1mlly ln ~ -~llsrul1 uwuiiuiviry tlekll m l.laa ~·'= pOttloft of Ill$ al\1 

wDire dllrc - Jild& ~· Cue mull be uaa wi!h 1IIOdd lnll:rpmauom iD ro,U.u wtun . 

dleft ue lltrlc dal& ro ca~rate tile lnurpniiZicm. Low II'Wml~ pm+•C"' 1oua a.vcl· 

dma and COIIld produoe ~II overly ~ PA. . . · . . . · · 

"IafunnltloD provtcSed by!..,. LaV~IIIlC at a DO! IDCCUI\I ou 17 Ud lllcpwD~ ·1~6 llt 
· SUiila ml&iJially bldloa:Jd·lba, lbe low !l'llll!ll.iulvilY n1km ilia to 1 ablllo vary low 

UISIUillalvil)' dal& potDt r P·l B ' From lh&lillllOgrw af Culebn UlllSm!IIIYl~ data, dll 

• 
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• P·ll am l'Oilll could be ~to be a.atinie&l o\ISit.f. OlYIII. die llrP variAtion of 

~misslvity clala ovc U. Wider RIWDilbe P.ll dll& polllt I:C\Ild t.lao ba n114. Dvt 1bc 

BIIO•mtlnlcal -lbolk.ln OltASP .JMY aho\114 DDllllow tbt ~ pclm Ill P·lllto pro4\ICC low 

uancmlalivi!¥ In 1111 nonblju=n par-Jon of \111alu liat il far ~tad trcm P·LI. . . · 

The DOl. relpODIIID Ef.ai•t pqucn of Dccc!riber 19, 1996 aiued tbat dluc. m 110 · 

IMq!CDdnft cWaflll confirm till P•ll daU 11')lllt. But it la ... dial m. P.\1 6a.ta ,oillt il 

wnolllallt wllb tha palollFaJ caDCePUli!IOifll. Purtbei, it ll 1111114 tblt diD P.·ll da\1 polm 

bu a minQr llff=1 bccaw.~or 1111 poatatlniell mahodl \liN. In GlAIP JNV • · · . 

. - . 

Wbila 1M eove DOE RII!'IIIIO js l'CIIJOJIIbls, Ill• otigbW que~dcm st\U rem&W·Il Ul why 

eben Ia a low UINZtllllivilY flltlln \D. 1bD liUICnl portloa of daa aiDa wbete mare II& 1Utlc daU 

&a c.aaftrm the felsure; : 

oo• nnJz. rD.prtiYIIU the ,.~,Nil)~ ft•ltl rll4r r~ub1 froM /o1gi1IJ rJ,t ·mlllimllllvi,Y a111a 

111ffi widen dou ,.,; :ria- f4telow lriWIIIWMG' ,.,lair !11 liN ltDrlltllllfl1ft ptzrt. DOB nleu to 

pNJ'Ifll4 111\IITtU O'}llcGf '""""ll.r4YII)I ji1IJI CG/,.,rti to l,.atiy,tt,. Utld dtiJa ·thlll sfs- rlrr 

appttiiiYII'a qftlr• low ~mwtvlryjaatllrf '" tftt nordtUJrt"'F' o/thuilf.: 11rlfl pltirz 

1111d ro be fi«Omptnltd wll_lt 1111 ap/-r/011 111 tlllhl riPftJU ~ rht PJlihrGllon -..sN thb . 

low trtuV•tuiriry ,fofiiW• t11 IM _,;,..,~tmPfVfQ/tMIIII. 
. _, · 

• 
(3}"Lc:~" pii'IJ!I81II'I WaRI develop.~~ an~hlaod !o tba 1992 PA alc:uldcm amiiJi. 1h= CCA. 

PAcalcll1atiolllw:llhout~- C\lzmltpiiiUDCter~qlyaafm:ue
c:"Lesacy~ 

piiUIIo&arl wi~ bp'•'''"i b.ow lhq ma ciiPJelopea orpmvi~ ~-bility "' eowcc 

• 
otofl 

do_,..u, 
. 

Wyg Qwr•miff'!g · .. 

·c±\ . . . . 

DOE. "'•tb 1o doc:_, rl,oa tlnel•p,.•w.t ~ Lapq. '' pM-otl'fl fO IM'W II'OclllbUI,. 

\)The Bli.LN!tci1CI1bal p.l);partmoftt hll colllctl4 mare Neat 1DtomtaU1111 em m.. w .... · 

inYCmar)' oldie I'Mftq IIIII, m pllnieulu, lttf11n1111ion M:rC coUOINd. dllrinJ tlla.laa\1&!)' 1996 

data all. . - - . 

Q rio• D•pflTf,.ut wou/11 fiG 11ds 111/~rrrvntlllr ~ldlrrwtl11s pt111 ofrM appiiCOifrm. 1~11 il 

1ltlluld Jl'll'lld• tluu to rlaa AptJey. Othuwll•. E/'.4 wiD tl.UII,. rhtlr 1M _,, mwraro., 
. ! 

,• 
• 

-- . 
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no~ 

~-••n- ·~-

J 

·I 
I 

. 

illfol'lllatlort n~brnltttd wltltirn• Oetobur.' 19, 1996 tzppllclfnllJIU tlulion wlt!Ut WI will &an ow 

~~rion tl.r:Uioll. 1 1
/-.-,. 

. . ~ 
il/.4 

ltC~) , . . ' · . . '. • 'II.. . 

ScoliCill lll4.24(b} roqwe• CCA.cn_l_. a "oc:PIIIIt dUnuioD of J.ll WUII: cbinc1=ristia "-.._. 

1hAt int'hl&tlcc dltpotal ~nunoe, iDelwllna but JICit llmitlli to 1olubltity, fcnnltioo of colloids 

:::.~.au 1~cn.ti4" ahec 1~, ~bilil)', llll1 arbli w~ro\a~ 1Dp11t 1111 mode\ 

I) . AuelQ71iozz or~~-lmmobn. .,.;..;.llliMDo~• or ~etai ~m~s!Ca l!lOd!ic:u tift mlfll· 

· tbe_~i,mion ohtunido:E\a'live to ~ ~w of~ ~oush IU rcpoaito:Y. AdsorpdOil of . 

aotuu4DI oftt.D collolds enhance. ac:t~Ntit ftii~IIIO& nc CCA 'fpRmlly 4oac liCit I.CCCNIIt 

fw lbc allao~ o! eedftl onto coUoidllll dt&crmillblalhl! l'l:lcU..tillrins outtiqJ/c:avlllfl· 

. I . . . . - : 

7Jie DtptZI'tJMrrt nntb ro ~-ltk • .U.-;.etW! rJ/It-tJd~lon.t aetlnitk1 Wdl aaourrterlfor 

ilr nleruu ~ curliJIIII~ , U orl,wpiiOII M1 rahr~ irrlo llr#llllll.. the lltPfUI"'',.' n•uiJ ro 

show Mw tlsll WINIIiitllrl II COIUII"'ttltW NIIIJII fJrimiiiW. · · 

. I . 

2) Tha •lflcu of orsamc compl&::ICimi DD nai«t ~e~Ud llllhiWitlea W1111U11. br1na .,.m bu nol 

beCft -11 dolllllliQitod ~-apwl-~ or modal~~·:. . . . .. 

Tile Dtprsnm•nt nNrino fPtiVIM 1n11n dlmll dtsawillfl on ~Ita •• of 1/fDAif.(JL ~

u,.-~tallY_ Ill r•~nt lO rriY WO,'flllllt: t:omplCNtJtllllwd In,,. DDkriUmon. ... 

' ' -: . l . . 
• ' 

l'U.II(c)(1) ' . · .. . . 

· Seclioa 1P4.24(c)(l) remJ,a DO!. to daDonlll'atG that fir to~litvcs~RJ)' ohiutt propoNid ror .· 

dlspoAl. Win' eo=Plilil,ViUi dll ~ req~'ll of-tin \11&.14 fDr tha upper 11111 

1--at limJb. iDc:1 .1bllr '"'?P''WI ~ . . . . . . . 

l\ ia GO& cvldat Ill tlw 

upper lllll Jowc:r lUDit for 

. . . 

haw the nc:putment ls crcuina· the wocllllll un.certefntlu for the 

'AIQieco~ 

• 

•• 
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ZlOII\ 

' ...... ~. --

. . 
Ao~table lcnawlfllla• play~ a key "'lc In ldal!ltyina Ji:ia ori;\n or &Gftlllian ofTI.lT WU111i. 

This inComwicm 1s uaed ~ ~cip info:m !he IIOD-Ikswcdvc assir (NDA) proew in the &elcttbm 

oflhe~pp~oprialo ~n09 or callllmtcnlfpeiAn. Tlle cpBrllllonil hls\OTY'ohdu tac!iC., 

!UIZIY lmpcnw c!ctalls of~ ~ Jllalrlx. iallb n.u ac:uc:atar lite COI'tl4'" u:c=pm'ble . 

k:Dowledp In cboolina mwurc:moat oqulpme~~t, ll:llii!Dillll ~Ml ~· and estsblishine 

tlw tyPM ~~~tit l!lllllCII of GOriSC\ion alld.1ar calibration fat:tors for NDA IIINI!Imnent sy~. 

Haw~-. tile CCA i1 not Cl~ 011 what cbt pro~Dc~C~I b fw drt=:DiDilll 12111 tmbmwiCJP wbm no 

a= Dptab)e Jcaawleclp iDfv~Pu\ion ia a.wai~)lle. . · · · 

I. ·• 
'• • 

n. fJ4pl1111Mfll rurttll fCI PliiYIIU ,., proronlfor ,.,,.,;.;,,..; ,.. NAI. .,,;IUSIJ'III'IIllt lflljpllll"'· 

· dmrn"" tmalytlcalprvtoqoll tlltli Ul'fl6lulllitr rll• t)'pls IIINI rartp~ tJ/ eorrutiGII antUor 

:~~::."fe.t~l 1~ N!J..t JJ~eoiiiiWI!Nnr l)lrnmr wh•n "o GCtJIPIG~le_ltllawl+ t'!for-rltlll II (~.. . / 

194.24(c)(4) 
\..?"/ 

Ssctlon ·194.24{cX4) n:q~1!llll CCA to pmvi4• iD!Drftllliaa Wbicb ~that al)'l1all 

of conuols bu been IUIIi wj1l oontinllt to bt imptemcatcd to r.onfltui that 1ha to1a1 Uaolmt e r · 

cleb ,...... ecimpoam1 ~~ will ba empla~ea bl1be clispoaal syttem Will !lOt cxcacti the upp~r 

limltDr !Ill t.!Dw tile lowljr li1'llk. · · · · 
.. 

The CCA 4lii:u~ the ~ Wum ~VII Syllflln (wVn8)·~1im ~paiaaat 

propuau to ue Cor Uut plll'jlosc of ~llba qllll\tlty of "'!!ffC CIQIIIMMI ill the WI», lt ia not 

lle.r w)lat !nf'amunint~ will be coUtc\eii ~ lbc lowlaa or dNIU iB the ~odtal')', 1n 

ac!dltlcn. me WWIS So~ Dolip Ducriptlan comaius the tllllnll daulll of eun dmp 

enJiJ)' lncl1141q. ~i,.D orl!W dar&-'- -I ... DCU~tM With ... c:Atity •. Altbogp lhc 

wwts lilfl tbt dala e~em..., n b lltll Gila: wbl;b cSata elem1111t1~~~e &ctlvt or iWtiw and ue 

famctiOD!DI·~ ~bold..;. 
. 

El' A-wllhoo" .,, contlut:ti,t; tlll·~d/1 air• WJS SJIS'""'· 2M .(lcpllr1111tlll IIIIDuld ,;. pr•ptl,... 

ro ~rile.,_ 11--r ..,,,,.. '"' eettlwr afrlrot lffldll. · 

194.l&(d) 
. 

Scolien 194.24(4) req~ rill .Dq~Utmct ~ jn¥ide a wu•loadin&acblme. or oln the . 

~ IUCISDIIJIII ~hllll:ne nndortl pl~.~f ... in fbediJpOJil &yltlin>.. 

111; CCA ·IIIIVIMCl!hallhtJ =naluit of1111111 wauld be~-- randOI"ly for dl: S69WNt& 

iJIIeiiUIIUitecl ill lila Tv.IBnt Tbl CXA abo UIWIIIJM11uo caaiplina of 10,000 tlmJrer Wd 

Ia~ caau;h rbat the relri .. ly lowptoltali!llty ccnilbbwton ofdtroe oflha WIMI MIIIDUI'With 

hil}llr activity lolilftl oq:urrina in aalqlo .driJJiaa nnt W capmra ill ths C:CDfs .. Ro-Yar, 

11111 UJUmJi!ioa lbal coata~-s Will 1le randomly plletd In lbo WIPP docsl20\ ulte irmi a~:coUJI\ 

llkJiy "reaa world" ~H~Wjo• when a 1peoi!C. purator sulb a .large.lhipmtnt of a pllllculll' 

. . . 
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noll!l 

WUII l!nlllll at onc particular tim~ (e.~ RF·:bll4vca t'lom R.oay flau wbidl b estim-. 10 

.~ 1S pclCIIIt ofl!le ..,W curiu ~I!I=IUI tbe 'Wll'P .•12133). . 

· 'flol Dtportllqllt raellb ro a~dntt lloll' ir II plflflnlnt to <te'IU•-H 1'111111- ltuniJq q(w.unr •-

41 WI~ f. Qtltt l>•,PfiTrmerti co111111t IICIIII.w -.Jo,.lolllllllfiMy 11Md ro ..,lyw• tloel/ltt:l 0/ 

n~lNiirrr. 
·· 

l , • .31(•) ' . . 

SK11on U".l2(a) ara111 ~ pelfo:mancc •.S..1111mtl alwll CD~~Sider natlltll JII'I'"IIU ud .· · 

_ evenll, m-.li;cp clrilliql.-llld lblllow clrilq th8l me)' a«-t the llliiJKI•Il l)i<tt:ih durin& the 

,.t~tmy thu frlme. · · 

Tlla CCA.1lftt11ot povldfiadl~ intrmnadon ·is 10 w 'behi:vior of sban:oterui ~ dow 10 

tho Ntt- if ll briM poc:klt lllUt . : 

.JJCJE u•dl tD fiDn~'"'"' rli,1MIWIIII: rUJAIII ru1supporr rile·"'""' approtldl. wlltcll lliiU.nu . 

rltt# briM fl- tO 11..1111/~ frorr. blltlrtf • llriM pocltzt tiiHr IIIII' f'U1Ik Ill,.,.,...,. ' · 
. 

. . 

lM.n(&) · · 

SceliOill,..Sl(e) s:peci.O~Jjy rcqllitce thactbe.PA l.acliiiUa..w,..ll aftw eft'edl Dll 1M 

cliapolll sysaam cf 1111 ~lt:lalbat o~ iD tbc vidnlty of the dllpGIIII)'IIIIIl prior lll d1JpcJa.l 

.nd"' +<: med to.oc:cu:r i1 the W:llllty Dftbe Giapow i1NIIl100D .An diqe-.1.,._. ""'

aativltiee U>elud., botehale~ and lcuos tblt llilY be URcl fDt fluid injocciva a;Uv111a. 

. . ·.. . .· : . . . . ' . 

The proaMa tar 10lii11Da ~ .,, e11.UU1iea elltriae l•1iil!inetly clilffnat frDJII otA;r RIVIIIOO · 

sxtractioll tedmlquea. ~ t\uj4 ~ ~i\lea used t11 solutiOD ml.W., CID pclta1iaUy . 

lncNce eltnl~ Wllicb lila)' liCit be llmiiiG 10 tubal.taoe and caYlna. In thlo J,On rack (Salado). 

DOE lttrdiiO CDrultUr '" ~ PA rzl.rtllri bori}JDW in M.hll:ll IOIIItlllfl "''""" ClUJ n.ur~rtai.ly , • 

.... - 10 0&¥.-r "'rlla ..; ... ~-
. 

lt4.32(t) . 
lectloa 19U2(e) I1Ataa djat oomplilliN epplleitioll(l) lballln;lwk iDrvma&\1011 'flhich: (U 

ldmtl&a all poawdal pn!CIII!III, PatS or A1111Q1CC1 Ulll combillllilmlllfJiftiCftllll Ulll PVI\tl 

~ 11117 DCGW dllliaa -~piMDIJ tisae &.... uuJ may alf-=t tiiB clilpOII! IYitliiiJ; (2) . .· 

· ·~me procenu, -renu or ~equeon lllld combiutiou of~•• all eva~~ illoludcd 

'Ill pamn Pft t411Rm.: izid (3) DUOIIIDDilla wil)' 11ft)' proOPPs, CI/8MI or llq\ltnoel aru! 

c:ombiutionJ of.'Pft!Celtl4 a ewllltlldllzdfted plll'SIWillO pwapiph (1)(1') oflbil teotiOII WW'C 

DOt intl!MII6 .In P*Jfuml~ 1111~~ RlliltJ opt0Yido4 1J1 any 'comp1'11PI appii81LUDL 

.. 

• 

•• 
I 
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• (1) The Smlarl ~ O'Briln foatwe~, noam .U i-••,. (FEP} l!lllya\• (llefemn;; 611) 

provi.da ~ Oll.illfpr fl.uid illjiiCtlon 1111)' rifect the di.JpoPI sys!Gm, TitiJ •PP"'Cid!.daes 

Jlllt apprapriMely mOdel thlt -nt. . . · · 

DOE "'"" to: 

(fll Uu 11 J SG-yctU p.rtoJ 41 rk. pumd ~ llllllllmJDII. 

(b) /ur~ti{y the uro~~ to.wljl#lt the brtrnal·~lldllloM (i.e:, condlritJIIS bl[ore Gnllllrauftlll ''""') of · 

tlr1 rtpasi1D"1 catdtl t:~ ..,.lth tJw ltltf6"~ p~ ofjttJIJ i~ldiDft. 
I ' • 

' 

(cJ .AI'III(J/zl IM tlfotl qf, ~ iJIII'I/111111 Mill 1Uhtfllflll ltJ flwli r~adllrtg lftlf "/'OIItO"fJI Ylll 

•Jivlil'llfl•~llort •-.r.. · ... 

. '· . 

. (1/J i*nlllttllr ITtJIInllls1¥f¥qfl•ll c-u-~ ~~~- ;,lghn-Wtllnllll o{brlnr to In l'l}e~tlt& 

' . 

(I) Redwe. by tmt-hlllf, dd1 DltZ vohlllll. 

fA Enbrurtl ~lw frefvlllt:JI p/JluUJ UU'"IItll'l wdll IMIItn1 ftzlltd DT Dppear ro lrt~~~a.follcd. 

(J) Subsrallliatr ~ a twtttJI•~~tloi'IIJI &NU-I~Qionollllodel
m, apprOIJCh lr approprlat1 p 

r~o;. -1)'111. . . 
. 

• (2) POE ,.;..lllltlllalyud (ctruned) 1M po~a~tlal e&dl of lo\woa mlnln& ot 1..:11.-u. 11M 

CCA. SDioa- 194.l2(a) 'q.W.a that~ •"!""'D" ino\udllelllllym crfthe ot&ctl 

Oll!M dllf""IIIYS*ft of tuob acti'VitiasiA lu Yiolnil)' prior \0 dispoa\ or tbat e&n I'WO!Will \II 

• 
noll) 

cxpcctai IOOil illllr_ dliJ'OI!IL . . . . . . . ·. . 

DOE nr.tk ID provldt tJitpnal)llli ojrhr ei/lr:ll Ot solrnltll'l lllfllllqfur Nzlitt. · Su.e rJ. ,,,.,. q, 

ill£ htrll•• u ~&~locfl;fttl ~ rllr pnuiiiCIIDn fl/ oU.-rht tim• fr- foP r11• mfld./lng ~ mcry lN · 

li•dtrtlm u., potellri•lllf+ of oil prolivdlo11 aro1111~ 'WlPl' (i.e., 150 )'tiiTI). 

. ·- . . . 

@!\ 

·. ·-. -· 
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wtn 'Prrfprm•n!• +'!""'''"' panmetJn l4cl(jn1 sUuprflpriY'Ocps• • 
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. 
DncrlpUoa 

I 3W ILOWOU'T . CDGNf 
w __ • ..._...,_ 

2 JU6 awwLAJT I•AaTD~ . '~~~•• ,...a.te 41- h: Odllata M1M111 fttr 

~Iori--- • 

l 191 DU.l r~~Uo«_t.oa Le& lflllllaiii!IJIQI&tiiii:J;~ ·. 
4italraM Mila-; lllnl padod D 11110007'1 

2177 ' lu:....-1 ._...Ill ,...ll!oNI&IM 10 
• I.,MB_llt DPHDoWC 

,_~d-illlha .............. 

lB 

$ ·: UIO S_MI.Illt l'FJ)ILTA •• ........... ~~--t~~M~..-

' 5,.Joii_Ut 
.. 

Pl_I:IIILTA · "'-111111111. ........ ....,._ 
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; 211. -1.>0_159 ' XMA'XLOQ r.,a·r- pwa11~Uhr 11: •"'""'....,.,_ 

' 
,......... . . . 

I JU4 DU.OJ'IIN Pu.Dij.oa Let Dll::bllllk ,..=>llllr• ......... 
• 

..... ,....~-
,_ usa I_A)Gi_AI! Dl'lllfoWt ,_,...., ...... ,.....kr ......... 

.. '-101dld ... h: tlloiiiM!IuQIIIIIo looil1 , ..... 
I 

10 Zll IIV-""IISA i I'UIXJ.OO Lat•r~~wu~.~M8 .... 11...... . • 
11 J47J II.CI'fo'OUT · nnc:x.w ·'lll~llf--euuhi_---. ·-

. 
............ 

12 )UI IILOWCM': .ll_CAIT IIIWui ...... IUilltforlill C'itiiW ................ ~ ·· .. 
1J ,.,., CoUTaZA 01IJDn.OW ... frllt •lllllln.lllriM ..... 
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.. 
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• WIPP P•rflrm•IP ··~wmenr P•nmctm Wbcm t),r Blm':" la;am YIJPCJ o_thw 

. . · · : Th•p Dms lel•nwl byAQI · · · . 

Ne. uu )bterijlliD. ParuaM~r m .. . Dtlrripdvll 

I J~ at:.ciiAt. PBJIN! PI'IIMIIIIIIY t~li!lclauft!Cria&l'nstolrialld Irina 

2 22U aoREKOta; TAIJPAB. .......... llllnllll 

-
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J 31t4 ~.,LOO LD• Df lair hili& t-a.lllllo, Hlriiauaa 

1- Wl.UM& 'IDC&III.-'1 Vllllinll 
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.. 
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.. 

'. 

I 
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3 CAITILP 
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5 PCIIDim' llhalw 
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II 
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Blla.wllll'"-la•U•llb.iDarlllllc · 
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Eulaswe S 

·Era Quality ~11unprs .$d'b; Ftm!dtgp • Oh•m•tJQn• 

Si=e lhe Depanme$1. submlttlld Its WlPl' compJIIIICI: ~calon Applkalioll on · 

Ocso'b~ 29, \~. £1i'A hu!Pcdin~4 4uality u'u:rlltet auditl ofDOE's Calli~ A:ll otftca 

CCAO), Saadia Nlllonal L&porasozy (SNl.) 1114 Wutifi#I!Oiw COI]ICiradcll pursllllll to 4_0 CPR. 

fin 1~.U(o). The pwpo~ oftboH 1014its wu to vetlfy ~ appwpr\ltl e:&ecuriDD afthc' 

requira:ac:nta of 40 CFJl19ii.~1(1X1), whi'h addi"CCsu l[llllity ulllnllCI fw ICI!vttiu 1110~ 

with the -WU'CI: lao\.tlaQ i'i~t J'lalll·(WIPP) .. · · . · 
. . . . . 

Tbl AiiiiCY'• tind!ipiiZid ohaemtlou 'fram \he CAO IIlii SNJ..-qllllttr unraaa lllllita 

arc liJtcd WDW.- Thin -;. 110 Wlnp or ollurvllions !rem tie avdlt oflhl qllllby ul..,_ 

propm oftb: Westin;holiu Ccnpomlcm. A tbvllnala al]llllcifit 'CDJICOnfoftzlal\ce wi1h 111. 

appliAbll NQA elemmt oc dll: cl-t'a implin;DCDdq ptoDclillre. AD obterwtion lnot a 

~CI, bill dOet jq .... &IIUpDDM •. · 

Fl~rllllp 1111d Obsnwul~ FlfiM OA ·~ Q111llty A.clu•n~ Af!lft ~D. C•rilbad A,. O.Qkt 
. . 

flndinrNn ' 

. }JQA•I,-Rcq!Zimuir 2. ·--tbl:: Dl&ll&ptJIDit otb orPalaatl0111 implanrntlaa th8 

quell!)' U.aniiCI JIEO&fiiD jabal! n,WUly aueu the Wlquey of~ plft of~ prop~~~~ fDr 

· which 1M)' are tetpoftai'blejaad U.U 1111\ln l.,.. e&et\'llllmplemmuzion. 

Howevar, CAD's NP 9.1, ;which inlp1emanta tbh. NQA wcq1iln~Mar, eaatraed liD prevlalan for 

rqlllar ..-mcutt. · At~ Ume oftha audit. MP 9.1 Wli 'lllldUrft'islon IDd wu tO be obiJI.sai 

tnfdrauhla Aallia&. · · · · 
: . 

E¥tn•Ne a .·· 
:reun Procedure TP lO.S. ~l&lnme:11113.4.l(a) 8114 (o) require ctocwiwualfoD of oricntNioe of 

pea: mlewteim nmll~. . . . 

• 

•• 
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• Howelllt', dOC\Inlalllltion Wf.l run available to~ ori~tation nlnlnr; !Dr cnae of1hc 

• 

• 

pucl membas for Pee: Rmcw No.J, · · 

fin dins Np 3 

Teun Proc:oc!urc '11' 10'.5 (1\av. 0), ~ J.l.3(a), Rqlliicalb&uhlt peer rcvlew cci=Uon 

cammittee.Mall be i=patdll InC! have lUI ecntJlet of ~1. bldvdlnl &111oial11iA. .. · 

' . 

Howe._, the chair of1hc !IF NYitw tel«tiOII ~-wblch ;hell tbt ptMIIbf·liC 

lUYIC~ No. ~. b U•O--.&~'¥C '~toe pndlllel of~ finn wiln DM of\bt 11:lo=6 JWI*I. . 

mcmbtn ill emp~D)'cd. !l 'Po~UIIII'I dtU from 1M lnfonaadcm pmcted durllls the .-udlt ~r 

·!lJe cbal:cftM scltctiOflccijlmnitllllll\lf lllwblom ID':pC!Iitin ill whit\\ hit •_wnponanal. (------ ... 

ill!llreat was c=tlic=d willj ~ ind~t p:dDnMnce oltU Pier Alvi-Jllftll No. 3. · z ·; 
-~ 

rJmtiaa Ng. f 
·--- -~ . 

The alldi' lelnl idorlufieclao=• c!ocwn=wtloe .. - rni•Jiftl boll\ lbt DU files lot TP 10.5 

(!ln. 0 ami ltev. l). 

Copies of tho miulna lDfo~ilon ~o RIWII!IIId pllilcd in the DlUl ~ cluriq lht aiiiS\t. 

. ' 

Ftr.lll,.,. •" o,._,l~ ,.,,, EPA~ QuiltY ,.u,.,.ac~ Allllt ef 11111-1 Nalitm• Lab 

. 
. . . 

· OA Jaauanr 1'·24, ~"'· EPApeli_.i aa audit e(th• 8Mc!la NatiOl\ll ~ 

OualitY. AllluaDOC Proim~~t plltllllllt tD IJ4.2,2lo). 'l1le .,..,0111 of the audit wu ro wrifytht 

appropriate exocudDD ofll)c rqui11111tii\U Df40 CP& l'•U2(aXI). 1\le awllt ta-lde!Jiifie'cf 

olx 6Miapand a Obl.,.z!Oftl dwizll lbe audiL 

P1ndtrrs I 

NQA•l, 8~ 15-l,;Ntes"quall&y ec:hlcv~ia VIIU!ad ll)o. ,__or orsutpt!oN not 

cllrectly mpcv~•ibl8 for "rformiaa rill WOJk." HO"VVVVr, QAP 1·1 1tat11 ''Jlnt JIWII&OIIII!Il is 

rapoDII'bla far~ 1fte cplhy." · 

~-... 

.,. 

te-113 
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liowev.r, the laJt ~emci11 aummmt wu pcrfongcd in April \!195: · 
. . 

ftndtar' 

Several CAR. .files ~~ lhc ~ t:cDllf'""' follllll \0 \:$ iMompla111, \.e., tefar.-ed . 

. documenm-"' DOt includtcl izl tbc tilel, or li.lllld aa.lile R11c:ord Packqc !alii• of CoDtants • 

.. 

.. 

. fJndlpr t-

. . 
Mj•sfn• Dm:mentt.,. · 

Orllfinall~:~a e\wd aDd oamoo;tiAD. 

~ll111o;wncnima IUnplt IOIII@.c:adon 6Chome 

Cam;t~~ AcliOD Rlqlld"l fo=..lnltlil ~- rcaolutton 
a! CAR (dllllmiDeci ·111 be uaaecq,tablo), .and reviMI 

~reiiOlwon~:~fCAll(~lo) · 

,o;IUIIfllltY mcmo,lnd\lllllll Statomcnt·oflrapnot 
. ·.· 

~li=4.1, Stcp·4, ofQAP S·l nqll11a the use ofthlllbmlat ~·In AppcJIIIllc A. 

QAP S•l clol1110t r:atlform to Ia owa ~~ for Proudura fol'lllir. . 

find"'• § ... 
NQA..l, Suppllmlm 3SWil Nta "All -lhall bC i:oocmle4ao that r1=r ·-= ~y ldiDdaa\le 

JJ~d traceabll to lilt ~=t, SN4)', or orlle: sam=~~ they -re ~.~ . 
. .. . . . 

. . 

Howcvcr, tbl Npportiq clpcwnc!ltttiO!l for lilo foDowln& plramc:lllri analy~a clo Nit meet · 

traoeabll"' ~ . . 

Pmrilellr No.ld. 34, BomMle PAMX_LOQ is 1i5ted 11 a p~ldc:i' pcllllllltlli. · "Tiu: 

~ valu lb~ iA fanD "" l11111t traceal:oll. 

FIUIIIXICI No. ld. ~ 141; CONC _PLO COMP,_~ l.i....i .twv •• ofpuallh:r 'nlua. 

n- b DO~·~ clatumezsla1lDI p:ovtdcll ilr thl tint Ill of da!a. Walcla l:ulu 
. pmD11111t Ylluo ~"0." T.hl aOCOIId .. of dlta lw a p&nllllller Va1ua ot l.2J!..OP, wbicb 

-lilte411l Formi4641111l i• l"riiDIIIhle. but hai never been Uleli. lmad, 1h1 pUIID8ta" 

'VIlut uf 2.64!-o9 w.. ued, but thie value hu uver lla mtencl into Form 464. 

• 

• 

. ' 

• 
tltLtOOTOC IYA zz:tt G3& LGtStttO 
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• 

• 

• 
ZZOII!I 

.---.-.~ ... -

AlthD~·l.64B-09 .. tile~ v~-ID uae ~1M analyd&, ~b!Ut)' aocummtatio!l. · 

mDI\ ~till_ be provtdl$! with Form 464. · 

Fjndfns § · 

QAP Sol, a.vliioli:Z, SeetiOD 4.2, S~ I, N- 1 slain lbat QAP•~n~·.UO"'Cd. t.o cart)' ICN 

chanpa for up t.o 0111 )'CIIr ~to!e they are IC'IQU awl r&iuuld. 
' I 

' 
' 

QAl' 2-4 hu two ICNi ~ nRCd the o,.year limiudcm. JCN on~tto;ctve cla~e.i• lo.'Z'I$5 

and leN 02 hauulfwti~ claW of 11117/95. QA.P :Ztlol baud eN '\llldnut!ildlw .U. of 

1 0/lliP.S. lCN 0 I for QA!'f.S-1 ~ICilldl fl1e one-year llml--Oft the lm:cnporatiOD ofJC'Na . 

lhroup Qt\P nMSioa. Ho~,lht&ICN wN110to11MtiYn111U D- Dr.- 11, 1996. 

. . ( 
. . 

CAll W97-0tl wu i&&ueclicluc to e diMatim fn:lin NQA-l, ~ 1.4', whlah feClUI~ei me 

IIIDUII perfCIDW\01 ofm..-.IARDIIl••~·-- ~ cviNCtivc .ct!nn for tbia CAR JlfO\'ided 

for t!W JCheduJm; or I mqqiiJIAt IIIIIIIIII'CII\ il\ Aprill997. The comctM &CtloJl WU 

ICGCPfOd by SNL WD'P Q~ IIMi tb CAR wu cloRcl oM 011.J.R-ry t, 19517, The _awli& IUIIl ia 

oo--' t.bat &biJ C!omc1ivo ICfloa ia ialpprDpria• anclll:.at 1lie CAll ibrnl14 llOt be claiM 111\111 

dla "''"•1"'"'-'l ~ ll ciiii:IPictOd. · 

CA.O CAA gs.o39 wu ~duG 10 de\'i~ fnlm SNL QAls il·lllld 13-2,lltllicb proacribe 

11111ple l:OIIbolm! chaift ... f..custody, rapceawly .. N~W~n~U umpln,.. 'llWflm4 wl'ibgu& 

PIVJIIl"balMfoc\lalgll)'. TIM ... D*C.~Sve aeti011 pcifarmtd tlldudMteviliOA of ui:ltiftl dlala•Dt• 

OIIIUXly fDnu tor IIMII'Il .... ,_ Ira addition. cllall!-of·CU~b!dy mmr Wlll'l !IW om for tbo• 

5am~Jlcs wbidl ha4 Mea~ wlmwt,Ui,.lniai .... ,~Y- The audit razn is· 

-111114 1bat die cllllill-okwtod)' forma 'MP~mpop.ri)' 1lllld 81111, IS ~ ~J~IIIll, tha dar&. · 

&GIII'Icc:d fzom 1bo ~~~~ IIIBplu lllcplly inadmlaa'ble. . . 
. . . - . 

Ol!lmrv1m a .• . .' 

the ~ dlau= zcc:ol verr.JIRIB dDU DO& rc.aiiy clllllri'bl.1bl prvaedurc by Wbich Gl& 

so~~~ .,.caa and ttlll'A·setftWaR wiJl bD mtoraci wltb iid•tcl-

--aupen•~ .Ohua wnioill wid JIDI be ~ u '\caru:ut' vrniDDS. . 

.. 

,; 

CtZLC06lOt YY~ tz:tT «31 L6/8tlt0 
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l •• ,, 

The VIlli dad an Do~:~~~~~int Rnt~·. Fonalbould explicllly reqUire me J'IIY~'Nft io ooft!ms 

ihat tile ill =mall tell cuea ~ the aama 11 lhe talC ca.rn ·lit r&d In the V lllidatima Pill! dociiiMIIt. 

. 

The dcfW~ of padaDIJil provided ill QAP 19·1 il J)Ot ~~~etly llated. ·Par .exa~J)le, i! taflwarc 

iJ cumpt from QA!' 19-l, It wU1 'be q\Wtl\10 -~ Q,.Z 'H. ·.rua opcloDIII m• ... of 

o.pp!'O"iftl IOttv-e OIIIIUiftlil!ateS rhat andada11lw adima'eM m~ thUW derlllition of 

lfldillC .. Ifanh in NQA·l: . . 

NQ••t. Requlremnt 5, reqlliJ'III ~ foi- actiYitiea whlu aftllct quaUty to liavc 

q\lall\itativa or qui~~-- eritlfta. · 

Hawever, ~ fOftlla& Jpte~cd by QAP 5·1 for dowloplq Q~ ~mit clearly iadll4& l · 

Ml:lian fur -"I:J'*UIGe Cl'l~. No QAPa i:o11tall\ DCCOJIIDIIOI crimia. . · . . 

.. 

' . 

. . 

.. 

• 

• 
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h/0111,. 6 

E!A Pm Bay'm ,Aydtt ,:jn~'C! • otmm•"'?'• 

. ' ' 

. Ou.C:11bnwy 10-1l,I1P97, BPA~mllldito!DOE's doc:um811.ta!ioufiUptllf 

J&view "rocos- CI!Ddaeud iD a11pp0rt oflhr WIPP Compllanca Ccnlflalism AppllcaziOil to 

eltlblllh that th&y ,_,.rw CX!Jldii'IDcf kl aiiWIIICI' oompttlllw wid!.NUJU!.0-1211'7, "~'-• It.cview for 

Hip.X..vti Nucic. W-.te a..,aallori ... " u nqulnd hy 40 c:PJl I'll! 1M.27~). The audit &um 

idwlfiocl.anen .fblclilll' oJ n:I.Uvely llliMI IIIII l~lllecl CO~IIIIliiiDGOI CU$1 1M &lldlL A 

findln1 U a IJICIIIillc "cmcodau .... 'Withu _,JI.u~a NQ.A. eliiiiiiiDt ot tbe dtn~~~~~t1 1 . 

implem=ttaa pro;edure. AA olllcrvlti011 it 1101 a~ ~t doea reqllile a ros~ 

·like a fimlbJI. nw ti•• mci.oblemaau rp~~ livm tbla ddit .,.liated 'balaw. 

FJndiur 1 

~ 1291 •~e~e~ mat~~ sbau1cl biVIIdCtnc frwdom !roe flmdi1l& 

comidaalioaa to-a&Nrt IIIJ wart laolmpwally ~ · 0 • 
• o 

To addrcst thU laue, !hi DOE's Cvlabld AAsotn=(CAO)tldiiiWw fl'ct oflftlllrntfDmse 

wh1ob rcqwi. fiMD~:Ul ~,_ to i~ wUilwr a c:cmftlct •tllu. Mr. Bvmatt~.IOJIIIID and 

MI. Pldric:iaJlobiluoa, IDII:nlma oftbt-w ... Cbaza&:=aticm l'oar bview, i:hacke4 Ulat Ule)' 

laad ~eta of illlmll tJ~ clld lll1l Olllrlpl•te 1111 nquind dildolllnl farm.. . 

Fipdtos 2 
. I 

NJ,JREG-12!17 ala'IU tbat ip c:IMI w11arc tcltal iadeperula111111 GU~Z~Dl be IMt, ihJ peer mrlew npon 

SbDuld caatellla doc:llllllllliQI rad-" • 10 wily •--~ of equlvaleat IIC!mic:al q\llllfi.Gdions 

ad ;r.-rlndepftdall:c: ~DOt ialected.o 
0 

• 

0 

A Non.S.lec:tloll J11111~fonD wu lzldlldlld for me Wuw ~DJS her Jleoliewo 0 

M1. Pllricla llotli1111111, aJ!IIICiear J!Dpurwilb a Maner II( Scllaa Dapu JIQIII!1Aa.

Mleom4 ttw 11w w~ ~·· MIIJM"'w PlliiL MI. ao&Won ia curreiiJly -=mpl~ 

by a DO£ COIIIIU1Dr. n, form 1IIU Dt. PCIJ:t X.. Mut, a Nucllv Jeamoer whll a Ph.D:r Uld 

DDtu ChU odMir lqlmlly 01 more qU&IJtl14WMclula u• avell"'i F-tla81mti. it IPJICill 

1hM pcn0111 of flqulval~n~tec:Micll qlllllfialda w. aVIil&bla NDDtiClotltd. H~. tha · 

'Ncm-Sc\a:tlnl~ fon:D. .,_avtdoc:urilea.c riw rsli=alt 

nnGiarJ 

C.A.O T-Prcioedure !'11 10.5 (Rev. 1), SOC1ioA 3.1.3(c), reqiains pccn:vlow pUIIIl mcmbca 'be 

11le=d from a pnclctens)iuid Uat of~. However, S~Oil U, !be r•IJIDullll\lli•• 

tt-llll CtZLtOStOC YVd tz:tt G31 L818ttCO 
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acilcm ofl:b11 ~durw, ~s-a !hat w p_. bviow Selection Comml~ sblill pauata a Jlat of 
&;\lloM!Id Peer Jlcvic~ llJ ill lalpwiedp of \ini~lty ;onu:ta, -profassiclDII oraaniutiODJ, 
IUid. C[lllllifted indus!Jy prof! aiODala. ·A cimtll" ixiiiS within me ptOcccbR mclalloWd be . 
:cviHL ' . 

Additillllllly, with the excaptkm of the P.lipemd AlwmativU PI~ leVi~. Dlilhcr a . 
JRdltmil.iDed Jist 1101 1 li~1cnmued ftDm llllivcnity ;GJUICU, pro.feaio~ o~ .ad 
qualifWd isldul1ry profetti lc _. located 111 the filu revtn.d. · 

' , I ' • ' ' 

Ejpdim" 
:; 

CAO Team P-.4\ft TP to.5 (R.IV. 1); Socdcm5.'J, ftq1lin:l Pea...._ Pllll:l Moml*a tD 

complete llllll dOcameslt th~ ncccuuy t:ala!IIB prior to 'tbt 111ft of tlu: Peer Review proccN. 

Tr~na foft!&l for ~r. cm.n:~iul·.thus and Mr. PaUl ctoke. ~bets of1bc N~ Bmlm 
Peer ~Picw Pencl, m da¥ ~ay 15, \9K, wDlla thun.uns rr.bMaa ofMay 14, 1996, ib,ow 
lhc:m already Ia. .aad-l · 

f1pdlgr 5 

CA.O TUm !'mr:tdure Tl' 10.5 (Rev. 1), SEU!ml.oU, z-quirc1. tllll aU Pccir Rnicrlt P1111l 

• 

Mcmbcn I'KCi.,& liD oricu~\ior~;priono tltc taft oftlto PDR R.vl.W"pzOIIIC. A\ • ~11111,1loe 

oricntlllon lbal\ cover ~~eta or docamcnis rclate;ri to tb= Peer R.Gvlew proocaa. iucladina ,~· 
lldmlnlsntive tequirllmCD.tJ,.dlt applluble P .. r R.tvlow ~len. a brief JIIIMIIIY o!lbe P• i /h-~' · 
lbview _lci:NU~ wb.ieet·~. u ~law a.fth& requlnJDcm& ot'tl' l_O.S,IDd any ou-r ~ • 
lpJ'_fOpa ... tops&. . 

bcom i=Ska1e1hat Mr. r}avtcl 5amnu:ll did JIOL rcceiYI aclmjnjWU,yt arict&1i0ll priw to tbe 

111ft_ aflllt p .. bVI&W """'·· . . . . . .. 

EJpdlnr' 
.• i . . 

CAD Team Proteduae TP .0.5 (Rev •. I), s.mu.l., requil'lltbaull·PeerRevJ..,;pme~ 
McmbGn _._ Ul orit:a~n pnar Ul '1M mn oliM h=a.Y!."' pn*ta. . .· . . . 

· Thtze u1111 ..;~ tn.a ~- F1oril c~ recti* ~mtallml wN:Q til& CoDcapiaW 
Moula P- -.vi"" ..,..,.J!icc-.-d m J....,. 107. · 

<. 

• ~t%LtOitOC tvi ;%:tt G3& L&le~ICO 
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• E1Mjps7 

. CAO Team Procedure TP 1.0;5 (lUv. l). S"Uo!l3.4 •• , requires =iautll for 11111-~. 

&C\Ivit!ea, ·~ clelibcatllmlf · · 

MlrMct for th•'!JitiiJil B.hicn Orielltauan Mealina ~ucci4 011 May 14, 19516, wae 1101 

l=lllded in~ Pea: ftlL · · . 

012nmsfm 1 

CA.O Team Procedure T1' (ln. l)~ SectiGA 3.1.la. Rl\lllrU that 1bc. Se\c;t1011 Co!N!IIRcc 

ablll bllm.plnillml h~'llejfllloqplll:Dd=al GOJJtllCl o(inta;IL 

The ~ of~ c:oillnt~t oflntiraa\ cXllt foi bol)l Pur Rmew Mu~qtra. The CAO 

Tc;.chn!ul ..... .._.. (CT.lC) was uaad by CAD 10 CC1Z1U1Ct 1'vr a II\IIIIICDIIAt of 

· lhe P~&r :a.view prKaa. blc.. wq Hllclld. ·Mr. Jo'lm Thlea. Exleudw VIa 

1'rt1ida! oflllfozmauca ltevkwM-,.r, selce~ad Mr .. t..itJbrikiiOilof'CTAC ra 1,.,. 

on \h'c ••liOiicna Mr •. l1alu ·u.o Hlectad Wcnmatlc:t~:~Dployeea a Pocr Reviewers. 

Dr. Abbu o::::::t!~p_. RaY!.w for l!nliMaed Alreraadvt~ Ul4 Dlrsctor of 

Speclll P!o;rall fDr •IOC!Id Dr. btl Bhada, ·~w Dheetor GCWEilC, 1D 

KM.U Pierlt:Dvti'IIV 

• O!wmtl= 2 ' 

• 

NUR!G-129'7II&Cii ~ODIIle u 10 war .Om.aonc oflqul\lalalt tiCimical quallflclllon and. 

pm:ri~d-- .. -..abwlol.-·-----. 
' ' 

SeVCBI of the EF:IIIPJutlred jAltl:r~~~ltiw P11r lleview plllll mem'Din Ollalol.d, Ill dwir-

Dtt-liNilms of'Jad·~·- fiRma, CUil'IDt orl!l'\'lcilll amJladorl with' DOE. Howcvu, • 

do1Ml1C11114 ntillllale u Why IOmooDC of cqlli,alnt iedmlal quilificaUon ud Pili 
ind"'*"'r!W! wu .,, ~-- .... 1Mlud8ci wldl 1M i01IpjiOit doeutnmls. ' 

Ol!emr!RP3 

A·form- """"PltiUid £8•-" peer ~.w. ~WIIWr. mifo1111 cmly t.. th& rsqu~ 
llld dod nat pnMde for tb8 ululiOD ofpiCI' rwi._ pllllll-bva. · 

·: 

H-113 ttZLtOitOt XV~ oz:tl Ga& LIIIIICO 
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PAGES TO FOLLOW: 

TO: 

TELEPHONE: 

FAX NUMBER: 

• ---
FROM: 

MAIL CODE: 

TELEPHONE: 

FAX NUMBER.: 

• 

5 

:· 

United States Environmental l'rotcction A(:enc:y 

Office of RJzdiation arui Indoor Air (6602]) 

Cemer for Waste !Jolation Pilot Plant 

401 M Strett, S. W. 
Washington, D.C. 204!.0 

~· '-··· .... :. 

Jim Mcwhinney 

(505) 234-7480 

(505) 234-7430 

Frank Marcinowski 

"02J 

(202) 23.3-9437 

(202) 233·9626 
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UNITED STATES ENVIRONMENTAL PROTECllON AGENCY 

.VASHINGTON, D.C. 20460 

George Dials, Manaqer 
carlsbad Area Ottice 
u.s. Department of Energ~· 
P.o. Box 3090 
:arlsbad, NM 88221-3090 

Dear Mr. :lial.s: 

~251991 

OFRCEOF 
AIR AND R~TION 

This letter is a fo~low-up to the letter I sent to Alvin 

J>.lm, Assistant !;ecret.ary fer Environmental :~anaqement., on March 

19, l397, regarcing ~he u.s. Environmental Protectior. Agency's 

:Ei'Al review of the tr.S. Department of Energy's !DOE: Compliance 

Cartification Applicat:.::m for t:he Waste Isolation PiJt)t Plant 

, fiiFPl. In that letter, EPA identified lists of per:'ormance 

as.sessmer.t (PAl input parameters for which EPA had questions 

about the value(s) selected. 

In Enclosure 2, to the March 19, 1991 letter, EPA identified 

a !ist of performance assessment input parameters fo2: which my 

;;ca!f had been unable to find supporting data. At t!'1at time, 13 

key input parameters were either not supported by experimental or 

fie::.d data, or the oata. ~rail was unt=aceable. DOE .-,:'ld Sandia 

National 1aboratory staff have since been able to iQcntify data 

that were used as the bases for the values chosen fo~ nine of the 

13 parameters on the list. In addition, three paramf:-:ers on the 

list were subsequently determined by my staff to be ''::len

sensitive" para::~.eters (i.e.,. sensitivity analyses re:1ults 

indicate that the parameters do not have a siqnific~~t impact on 

the results of the performance assessment1 • The one ?arameter 

remaining (w2, :Dt 3246, Material BLOWOUT, Parameter PARTDI~ 

waste particle diameter in cuttings Model for direct :,rine 

release) is considered "sensitive," but: the value fo: that 

~arameter is not supported :Oy data. Ther·~£ore, the c::~.rameter 

·.-alue must: be oeri•red through "expert judo;Tement" in a:::cordance 

witr, £PA's WIPF Ccmp:i.ian:;e criteria at 40 c.r.R. §19·1.26 (expert 

judgment) end 40 C.f.R. §l94.22la) (2) (V) l~~ality as~urance 

pro=edures for ~ne imple~entation of expert Judqmer.t 

eli::ltacionJ. The provisions of these re·;n:.latory req:uirements, 

::.1:;ludir.g the requirements for documentatic·n and pubtic 
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\ . ..-j:?f 

~-

part.!c:!patl.on, n:1st be satisfactorily appliE~d to the .,arameter 

value. 

My staff has continued to review paramater values and 

conduct sensitivity analyses to determine the illlPaCt :Jf other 

relevant parameters on the overall performance of the disposal 

system. On April 17, 1997, I transmitted a letter te you that 

incluc:iet:i a list of parameters that are no lt1nger in ~uestion, and 

a l!st of revised. parameters values to use :.n running tl'le BRAGE"Ul 

=cmputer cede. .~ I mentioned in my letter, the BRAGFLO 

para=<eter values were prcvided~·to•-DOE first because EFAGFLO is 

'.:he !irst code t·:J be activated in running the overall performance 

assessment (?Al • 

My staff has r.cw coa.pleted ~he review ''f the ren:aining 

para;ne:ers identified in my March 19, 1997 :Letter. !.r.closed are 

two tables: the fi:st :able includes para:n•~ters that are no 

longer in question; the second table includes import~~t 

parameters a::.d associated input values that EPA requi:~:·es to be 

used in DOE's PA verification test. 

• 

Should you cave qu~stions, please call Frank Marcinowski at • 

(202) 233-9310. 

Enclosures (2) 

cc: Mary D. Nichols <E?A) 
Alvin Alm (DOE/HQ) 

Sincerely, 

~. ~--~ ... L -
l)(J!J.I.-Lill' .. AU.P ~{;? *'"',1'-t-----
E. Ra:nona Tro- to, Director 

Office of Radiation anc Indoor Air 

• 
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• Enclosure 1. Parameters identified in the March 19, 1997lener, which have sutscquently been 

lD# 

64 

166 
! 651 

16S3 

3429 

3471 

. 3472 

l177 

ll80 

• S86 

2171 

3134 

2151 

I 214 

3473 

34S6 

'3194 

3433 

1 j47o 

I m1 

3311 

291B 

• 

determined by EPA. based on information provid.ei by DOE and Sandia staff or 

through sensitivity a.12.lyses, to no longer be in question. 

. 

MaterialiD ParameteriD Description 

CAS'ill.£R. POR.OSITY £fti!ctive Porosity -
. CASTIL£R. PR£SSL'R£ Brine Far-field Pore Prcssm ( ;:::- '\ 

WAS_AREA ABSR.OVOH Absolule Roughness ofM~ICrial ·\.--o .. · 
WAS_AR£A COMP_R.CK S:UU. Compmsiblllty 

PHUMOXJ PHL"MOX ~nionality Conswtt Hwai~ Colloids 
' ........ , 

BLOWOUT MAXFLOW Maximum BIOWOilt Flow 

BLOWOUT MINFLOW Mlllimum BlowoUI flow 

S_MB_I39 DPHIMAX lo=enw increuc ill p<•ro;ity rellllive to intrc: ccnclitlons tn the 

SaWio Mwtca Bed 13!1 

S_MB_139 PF_DELTA IDcmnemai pltSSIIIC for tulllia<:curc devclop1t.cm 

S_MB_139 PI_OELTA Fracture initialiolt J'R$5111'0 increment 

S_MB_139 K.MAXLOO Leg ofmu pcnacabUity in 11ltered llllhyclriu: !tow model 

BH_OPEN PRMX_LOQ Log of intriDsic pom!Cibliny X • diJeclion bon: ~t)Je UIII'IISiricled 

S_ANH_AB DPHIMAX Illcremcmal ~ in porosny relative 10 int.ct conclitians in the 

Salado anhyclrile bcdJ A Mil B 

E.XP_AAEA, PRMX_LOG Lei of intrinsic pcmneabWI). X-dim:UGII, expo:rimemal-

BLOWOUT THICK CAS thlcJcness of !he Caslile fornlllion. direct brill;: :·eleues 

BLOWOIJT IU!_CAST lixlema1 drainage radius !Or lhe Cutlle format tell. direct brine 

releases 

CASnt.!R GRID FLOW litdu for st:l=ting briM poe !eels 

PHIJMOXJ PHUMSIM froponionalny cciiSWit Clf octinides in Salado Etrine with humic 

colloids. inorpnic 

BLOWOUT OAS_MJN Gas Rate Cutoff 

PU PROMC Microbial Proponionality ColDStant 

AM l'ROPMIC Mlcrobiall'roponumality C•mst.nl 

CASTILER VOLlJME Tolal R.esuvoir Voltlme 

I 
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Ent:losuru 2 WIPJ> Perfonnant:e Assessment Parameters Identified in the March 19, 1997 Letter Which Bave Been Determined To 

N•Jt Bt: Rcpresentati\'e of the Data DOE Must Use the Parameter Values Identified Below in lhe Perfom1ancc 

Asse~sml:nt Verification Test. 

- -
Parameterlurfa• to be Used Ia Verll".catloa Test 

IDII Material W Parameter 10 Desrrlptlon Dlst'l'ype Mia Median Mn 

. 

--- 1-· 

H93 GUillA I. PIIRINii Prohhilil)' er 1'-.oonlerina l'hllllllblcd Dr* Uniform 1% 30% 60% 

2254 IIOREHOI.H . TI\IW/111. Wzu Shear Sllenglh Oqlendent 011 Results of Panicle Si1lo Oislrillnliun P.J<patl!licilllion.' 

•• 1!<:1\EIIOI.E llOMECu\ Drill Stri,g Ar.r.uii!F V<locity C•amnlaUvc 4.21adsis 1.1 ...w • 21 rodsfs 

•• 

l24S m.owom· C£MJ(NT WMle Ce.on141ioa Slrcngth !.o&-unlfi>rm TAUFAIL aria' -·· 4.8Et06Pa 

llS6' DUlWOIIT FOE Gnl•·ily EllidivciiCSS l'~<lllr .... _ ... Unjfonn I 9.6 18.1 

-
3259 BLOWOUT APORO W8$1/: P<m*ll>ilily lnCliTilNOS Modd ConSiant ~ :UE-Ilsq• nl• 

3405 SOI.M006 SOI..CIM U(VIl Soh&bifily LimiiS (C ... ile) ConSianl nti 4.1111-l M nlo 

-

----·--------· -
1 noe volues f<>r I hi• par.uncter arc d p, !doni 0111hc rcs•ll:l orthc Cllpcrullcillllan lor tile plllliclc size dislrilmlioA. U.CC lhe J11111CIC sm: ,. aul>oisi>cd via lite ex""" 

elidtatioo~ 1 AUF AIL !lbould bec:aiCilblcdi!Ut:dwShi<l4sl'lltanoclcr(sec. for-pk, SimoD, D.B. oncl Scrolult, 1', 1992, ~7hroosp.lrl 1tldwk>log,: W....,.-I 

S•dimenll.lyrkJmi<s) a• a Cunclioo of putltlc diamdcr. 

211,., ininioawn •·ak..: slouuld be stlto lhe miailrn• nl..c for TAUFAIL. If IIIIa .,_., is DO ICIIIJCI' ~ Ia lhc pcrtilml- ,. • ...,,.,.,,. .... as • ;csuu oflhc 4111/97 

p«r rc>~ew, then "!' dutn&e 10 1M panftdct value is ..,..m. 

)nncc lhe oni&oimoun value fnr hlOS bcco >d 10 ""' nlinitu- ol TAUFAIL. lhe Rleoli.-t value.,.. l>c calc•'*" '-" DG die-m- IIIII 4islribloliotl typo idcnlilicd iR 

lh< !able. 

•u~~~e 4l21/'J7 pecucvicw of the SI'AU JN<JS coaccpt.al noodcl,_... in lids p_,DO Jomaer llcin& used In lhc perf-.............,.., .. no doanp 10 lbo 

J'iU'i1mela "alue is "'J,Uircd. 

• SNoo •\pplicahL: • • 
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hu.:h1S1nc.! tcunl) 

-

lOll Malerlal m 

3409' IIOLMOOb 

34111> SOI.MOD3 

3~:::! SOLMOilJ 
-

34111 SOI.MOI>4 

-· 
}40'1 SOLMO))I 

3.fa.l SOL MOO~ 

34118 SOL MODS 

34K21 AM+l 
-

3480 PIJ+l 

3401 VUH 

3479 ll+4 

H75 U+fi 

WII'P Pc:rformauce Assessment Parameters ldenlilic:(l in the March 19, 1997 Letter Which Have Been 

0•1cnnined To No1 Be Representative of the Data. DOE Musl Use the Parameler Values Identified Below in 

the Petform110ce Assessment Verification Test. 

Paramecertzatloo to be Used I• Verlftcllllo• Test 

Pauraeler IP Deserlplien Dill l)pe MJa Median Mn 

-- - ·-
SOI.SIM ll(vt) Solal>ility Umil• CSollldo) am. ..... nl-o1 1.11i·' M .... 

SOI.SIM Oxidlnion Slah: +Ill Model (Salado) c.,... ..... nla 1.21\-7 M nla 

-
SOI.C!M O<!dntion Slol• +Ill M,.l<l (!"""ilc) Cnnilaht 11/a · Ull-1 M nla 

SOLL1M O.ld:Jtion s .... e •IV Modo! (Cdilc) Conslanl ""' 4.11',1 M n/a 

SOLSJM Oxidalioo Sial& +IV Mndcl (SI!w4o) .. .. Co~ lila l.lB-8 M nla 

-· 
SOLCIM Oxidation Sllllc •v Model (c.tilo) Comtanl 

.. 
~ UI!-7M o/a 

SOlSIM Oxidoti<m Slalc • v Model (Sola) en.-.. ~ 2.41!-7 M n/a 

-· 
MKI>_AM Mlllrix l'anilillo> coetrocient fD< Am +m IAI(I·unili>rm 20 mllg JOChaVR 'OOmllg 

-·- ·---~ 

MKO_l'IJ Mlltix I" ... « ion CocRiclcnllilr h +m log-unifonD 201111g 100 mllg 50011111& 

MKD_rlf Mahh P;:nilin.'1 CDefticicnt fer Pa +IV I."'J-unifolm '1110 mile 
• 7Alfl "'"' 

20.000 ml/g 

MKD_U Molrix l'atilioR Coefficical for U -1-lV Log-unllo"" 900mllc 4,l00mllg 20,000•1/g 

MKD U Maim P.niriuo Coefficieat fiii'U +VI Log-unlfoltll O.G3mllg 0.9 mils lO mils 

~n lhc lll91'l17lell<t from Ramooa '£rDftlll10 Aloia Ab, infn•-*liam-...,... pnmetDIS - illlllvcrtaatly combiaed. 11u: piiWIICICI' idenlifiCIIioa IIUII1IJcr 

HIJ6 wa. ..,...,... "'material iderniiiCidiM SOUf()f)6 ad I1MHIId bavc "'- .sii'IUIID SOUCOD l. Mallerialldcnllficollloot SOI.M006 sllooold luwc bad lhe ldolltillalion 

nouabc< J~09. Tl~<sc di!ercJIWicl.s uc accundcly rcpr<!eoted Ill the above llillle. 

1 All malrix coctriLicnL< used in lhc porl'ormanc.: -lsMuld 1110 die loJ-unil'oml disuiblleioa IJliC . 

• • • 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINCITON, O.C. 20-

Honorable F cclerico Pefta 

Secretary 
..... - - "' ~~ 
U.:l. uepiU'tnLol:ib 0• .:.=eY 

I 000 Indapendence Avenue, SW 

Wa$hington, DC 20S8S 

~car Mr. Secretary: 

HAY 16 1997 

TH£ ACMINI5TRI.TOR 

/.---.... . \ 
I -?f" ' \ .. ..:: .. ,. ' '--· ~----

. Pursuant to SeCtion I( d) of the Waste Isolation Pilot Plant (WIPP) Land Withdrawal Act, 

as amended, (the Act, or the LWA), and in accordance with the WlPP Compliance Criteria at 40 

CFR §194.11, I hereby notify you that the U.S. Environmental Protection Agency (EPA) hu 

determined that the U.S. Depanment ofEnergy's (DOE) Compliance Cettiftc:a.tion Application 

(CCA) for WIPP is complete. This completeness detennination is a preliminary,' interim 

determination rc:quired under the WIPP Compliance Criteria, which implement the Agency's Final 

Radioactive Waste Disposal Regulations at Subparts B and C of 40 CFR Pan 191 (Disposal 

Regulations). While the completeness determination initiates the one-year evaluation peiiod 

provide<! for in Section l(d)(l) of the LWA. it doas not have any genen\ly applicable legal etrect. 

Further, this determination does not imply or indicate that the CCA demonstrates c:omp liance with 

the Compliance Criteria and/or the Disposal Regulations. 

Seaiori 8( d)(l) of the LWA requires EPA to certify whether WIPP complies with the 

Agenl:}''s Disposal Regulations. Section 8(d)(4) of the Act requires that EPA only perform such 

certification after DOE has submitted a "Alii" (or complete) applic:a.tion. Upon receipt of the CCA 

on October 29, 1996, EPA immediately commenced its review to determine whether the CCA 

was complete. Sh011ly thera.fter, the Aaen;;y began to iclc."ltify ueu of the CCA that required 

supplementary information and anaiyla. In addition, EPA receiv= numerous public comments 

on the CCA that iclentified areas of concern. 

EPA identified completeness concerns in a December 19, 1996 letter &om Mary Nichols, 

Assistant Administrator for the Oftlce of Air and Radiation, to Alvin Alrn, Assistant Secretary for 

Environmental Management. DOE responded with additional information, records packages, and 

clarifications, aa necessary. 

- To the extent possible, the Agency hu also been conducting a prelimbwy technical 

sufficienc)' review, and hu provided the Department with relevant teehnical comments on an 

ongoing basis. EPA wiU continue to condur;t its technical review of the CCA The Agency will 
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issue its proposed compliance certification decision, in accordance with 40 CFR Part 194 and Part 

!91 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. 

cc: Alvin Aim (DOEIHQ) 
George Dials (DOEICAO) 
Ramona Trovato (EPAIORIA) 

Sincerely, 

'. 

• 

• 

• 
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=II=· =·==· ·=·=G=E=N=E=:RA=· L=O=R=I=ENc::::::::T=A=T=IOc::::::::N=-=· :::·~='·"=· · j 
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Expert Panel Elicitation on the 

Waste Isolation Pilot Plant (WIPP) 

Waste Particle Diameter Size 
Distribution During the 1 0,000-year 

Regulatory Post-closure Period 

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

Carlsbad, New Mexico, May 5-9, 1997 

• 

1 
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EXPERT PANEL ELICITATION ON 
WASTE PARTICLE DIAMETER 

General Orientation 

• Housekeeping 

• Why 

• What 
- WIPP containment system 
- Relationship between parameter and 

containment system 
- Relationship between parameter and 

containment system performance 

• How 

• When 

• 

(·. 
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Expert Panel Elicitation on Waste 

Particle Diameter 

Housekeeping 

• Sign in 

• 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 
use of Panel Request Disposition Form 

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

• 

3 
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Expert Panel Elicitation on Waste 

Particle Diameter 
Housekeeping 

• Panel Request Disposition Form 

Subject o1' ReqUest 

Expert Elie~tJtion on waste Particle Diameter 

Panel Member Request Disposition Form 

Requestor:-----==--- Affiliation: __ Date: __ 
(Piirt r..m.) 

---A.,qu..to"I-DaNatWrhllillowThiiUnl __ _ 

Admlntstrative Action 

Manager/Elicitor: Reqtlt'St Nurrber: Provided On:=~ 
(lritilh) - {&tilt ..... ) 

F....,nlodTo: _______ _ 

Oispositioll: 

FuTo: _____ Fad:____c __ 

Phonot: _____ , ___ _ 

From _____ PhonOit. __ _ 

• 4 • 



 

 Information Only 

• • 
Expert Panel Elicitation on Waste 

Particle Diameter 
Housekeeping 

• Observer Request Disposition Form 

SUllied of Request 

Expert Eficlb:ltion on Waste Partk:la Diameter 

Observer Request Disposition Form 

ReqU&Stor: --.===::--- Affillatlcn: ___ Oat&: __ _ 
!PriM Name) 

------ R~nlort- 0o NCIIWrlleBelowTNs Line----
.Admlnl$trativtl Action 

Forwarded To: ___________ _ 

DispositiOn: 

Fax To: _______ Fu:I:_--'----

PhoneO:: ________ oPoges: ___ _ 

From: ________ Pllonel: ___ _ 

• 
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Expert Panel Elicitation on Waste 
Particle Diameter 

Housekeeping 

• Meeting recorded by court reporter 

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

/ 
...--------' 

• Reading material in meeting room 

- Book 1 - Curricula vitae 

( ·• 

- Book 2A and 28- Reading material 

- Book 3 .. Copies of presentation material 

. - Compliance Certification Application CD-ROM 

- Updated agenda (Rev. 1) 

• 
6 

• 
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Rev.1 

• 
Expert Panel Elicitation on Waste 

Particle Diameter 
Housekeeping 

• Meeting recorded by court reporter 

- Transcript and/or reports provided upon 

request by calling 1-800-336-9477 

• 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) 

• 

',I ' 
; I 

' 
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Expert Panel Elicitation on Waste 

Particle Diameter 
Housekeeping 

Agenda (Rev. 1) 

Monday, May 5, 1997 

8:00 - 9:00 Introduction/Orientation 

9:00 - 10:00 Training 

10:00- 10:15 

10:15 -12:00 

12:00- 1:00 

1:00-1:30 

Break 

Training 

Lunch 

BRAGFLO Model 

• 

Leif Eriksson 

Bill Roberds 

Bill Roberds 

Kurt Larson 
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Expert Panel Elicitation on Waste 

Particle Diameter 
Housekeeping 

Agenda (Rev. 1) 

.1:30-2:30 

2:30-2:45 

2:45-3:30 

Monday, May 5, 1997 

Evolution of the underground/waste 

characterization/surrogate materials 

Testing 

Break 

Mechanically-based 

conceptual models for 

Spallings event 

Frank Hansen 

Kathy Knowles 

• 

I 
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Expert Panel Elicitation on Waste 
Particle Diameter 

Housekeeping 

Agenda (Rev. 1) 
.~ f: Monday, May 5, 1997 

Magnesium oxide 

' 

3:30-4:00 

4:00-4:45 

4:45- 5:00 

5:00-6:30 

6:30- ? 

(MgO) backfill 

TAUFAIL model 

Panel questions 

Dinner 

Public comments on 

waste particle diameter 

• 

'-,.._ __ ,~---/ 

Hans Papenguth 

Kathy Knowles 

Bill Roberds 

Bill Roberds 

•• 
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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 1 - "-, 
\ .. ~·.'-' -:· 

-EEG , 

-? 

Panel discussion and development of 

conceptual model for particle diameter 

2:30 - 2:45 Break 

• 

10 
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Expert Panel Elicitation on Waste 
Particle Diameter 

Housekeeping 

Agenda (Rev. 1) 

2:45- 5:00 

5:00- 6:30 

6:30-? 

Tuesday, May 6, 1997 

Development of conceptual model for· 

particle diameter 

Development of conceptual model for 

particle diameter 

Development of conceptual model for 

particle diameter (if necessary) 

• 

(,,;;-...• ' 
~ /' .. 

'--... ~·· 
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Expert Panel Elicitation on Waste 
Particle Diameter 

AGENDA (Rev. 2) 

Tuesday, May 6, 1997 

7:30-12:00 

12:00- 1:00 

1:00-

- 2:30 

2:30- 2:45 

2:45- 5:00 

5:00- 6:30 

5/6/97 

Panel members tour WIPP facility 

Lunch 

Public presentations and questions to the panel 

- EEG- "Particle Size in Existing TRU 

Wastes" 

- Other public participants, if any 

Panel discussion and development of 

conceptual model for particle diameter 

Break 

Development of conceptual model for particle 

diameter 

Development of conceptual model for particle 

diameter (if necessary) 
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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 
7.---· 

summarization of conceptual model 

Lunch 

/ "~--

12:00-1:00 

1:00 - 2:30 Public questions and comments 

Finalization of conceptual model 

• 

'-

----
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Expert Panel Elicitation on Waste 

Particle Diameter 
Housekeeping 

Agenda (Rev. 1) 

2:30- 2:45 

2:30-5:00 

5:00-6:30 

6:30-? 

Wednesday, May 7, 1997 

Break 

Finalization of conceptual model 

Dinner 

Elicitation on input parameters 

• 
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Expert Panel Elicitation on Waste 

Particle Diameter 

Agenda (Rev. 1) 

8:00 -10:15 

10:15-10:30 
10:30- 12:00 

12:00-1:00 
1:00 - 2:30 

Housekeeping 

Thursday, May 8, 1997 
Elicitation on input parameters (if 

needed); summarization of input 

parameters; and preliminary model 

results 
Break 
Elicitation on input parameters (if 

needed); summarization of input 

parameters; and preliminary model (/!;' . 
resul~ . ~~ 

Lunch · 
Public questions and comments 

Reconsideration and finalization of 

input parameters 

• 
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Expert Panel Elicitation on Waste 

Particle Diameter 
Housekeeping 

Agenda (Rev. 1) 

2:30-2:45 

2:45-5:00 

5:00-6:30 

6:30-? 

Thursday, May 8, 1997 

Break 

Reconsideration and finalization of 

input parameters 

Dinner 

Reconsideration and finalization of 

input parameters (if necessary). 

, - ,'' \ 

• 

11 
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Expert Panel Elicitation on Waste 
Particle Diameter 

Housekeeping 

Agenda (Rev. 1) 

8:00 -10:15 

10:15- 10:30 

10:30 -12:00 

12:00 

Friday, May 9, 1997 

Verification of elicitation by 

panel and documentation 

Break 

Verification of elicitation by 

panel and documentation 

Adjourn (if model and results are 

completed) 

• 
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Expert Panel Elicitation on Waste 
Particle Diameter 

Why 

• The WIPP Compliance Certification Application used 

waste particle diameter in the Spalling model 

• The EPA requested expert judgment elicitation on the 

waste particle size distribution 

- March 19, 1997 

- April 25, 1997 

• 
17 
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Undisturbed Performance Assessment Demonstrates 

No Releases For 10,000 years 

-Mean 
. . . . . . Med1an 
- - - 1 0 Oo/o Quantile 
- - 90 0% Quantile 

a: to·< 
" II) 
QJ 
II) 
ca 
QJ 

'il 
10"3 a: 

0 
~ :a 
ca 
D 10 .. II e 
Q. 

Summed Normalized Releases. R 

• 
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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 

· exceeding ten times the quantities calculated according 

to Table 1 (Appendix A) 

• 
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Expert Panel Elicitation on Waste 

Particle Diameter 
Why 

40CFR191.13(a) CONTAINMENT REQUIREMENTS 

• 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 

1 0,000-years after disposal from all significant 

processes and events that may affect the disposal 

• system shall: \ 

• 
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Expert Panel Elicitation on Waste 

Particle Diameter 

Performance assessment means: 

An analysis that (1) identifies the proces!:!es 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 
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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 
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System Descr1ptlon 

Regulatory • Site Facility ... Waste 
Context Characteristics Characteristics Characteristics 

Chapter 2 I Chapters Chapter4 

I 
~ 

Feature, Event, and Scenario 
Process Screening - Development 

Section 6.2 Section 6.3 

I 
~ ~ • 

Scenario Consequence 
P robablllties Analysis 
section 6.4 Section 6.4 

, lr ~ + 
Re!Jllatory Standard for Release 

Uncertainty Analysis, 

40CFR §191.13 .. CCDF Construction, and Results 
"' Sections 6.4, 6.5 

Regulatory Compliance Cnterla 
40 CFR Part 194 Sections 6.0, 6.1 Sensitivity Analysis 

Note: All activities are conducted under QA procedures as discussed in Chapter 5. 0. 

D Compliance c ertific ali on applic ali on component 

D Regulation 

D Performance assessment 

Figure 6-1. Methodology for Performance Assessment of the WIPP 

~ 

- ·-· . 
. 



 

 Information Only 

• 
Models and data lire 

lmpf(JVed and tlpc:iatiKI. 
or brand new mOdels. · .. 
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• • 
Expert Panel Elicitation on Waste 

Particle Diameter 
What 

• Scope 

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

''· 

• 

~. 
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Expert Panel Elicitation on Waste 
Particle Diameter 

How 

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

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

• • 
24 
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Expert Panel Elicitation on Waste 
Particle Diameter 

How 

• CAO developed procedure (TP 1 0.6) and plan (DOE/CA0-97-
223) for expert judgment elicitation defining: 

- Scope 

- Process (including organization) 

- Estimated resources 

- Estimated schedule 

• • 21 



 

 Information Only 

• • 
Expert Panel Elicitation on Waste 

Particle Diameter 
How 

Process 

• 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 (CTAC/EP-011, 

Rev. 0) / 

• 

Z8 
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• • 
Expert Panel Elicitation on Waste 

Particle Diameter 
How 

Process 

• 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 

• 

-- "'-"' \ 
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Expert Panel Elicitation on Waste 
Particle Diameter 

How 

Process 

• 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 

• 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 

• 

27 
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Expert Panel Elicitation on Waste 
Particle Diameter 

How 

Process 

• 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 
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• 

.. 

• 
Expert Panel Elicitation on Waste 

Particle Diameter 
How 

Process 

• 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 
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Expert Panel Elicitation on Waste 
Particle Diameter 

How 

. Process 

• Main roles and responsibilities - Expert Panel 
manager 

- Selects elicitor/facilitator 

- Selects two other members of selection 
committee 

- Establishes availability among nominated 
potential Expert Panel members 
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• • 
Expert Panel Elicitation on Waste 

Particle Diameter 
How 

Process 

Main roles and responsibilities - 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) 

• 

.. -·-- .... 

('' --:····-.... "\ 
\ ....... _\• ;' 
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Expert Panel Elicitation on Waste 
Particle Diameter 

How 

Process 

• Main roles and responsibilities -Elicitor/ 
facilitator 

- Trains Expert Panel members 

- Facilitates and controls the meeting 

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

• 
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• • 

Expert Panel Elicitation on Waste 

Particle Diameter 
How 

Process 

• Main roles and responsibilities -The Selection 

Committee 

• Evaluates resource requirements to conduct 

scope of work defined in Expert Panel Elicitation 

Plan 

• Evaluates, nominates potential candidates for 

Expert Panel 

• 

« ,_ ,., \ 
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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) 

• 
28 
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• 

Rev.1 

• 
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) .------

• 

28 
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Expert Panel Elicitation on Waste 

Particle Diameter 
How 

Process 

• 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 
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• • 

Expert Panel Elicitation on Waste 

Particle Diameter 
How 

Process 

• Main roles and responsibilities- Observers 

- Entitled to make presentations pertinent 

to WIPP waste particle diameter 

- Contingent upon approval by Expert 

Panel manager, facilitator, and Expert 

Panel members 

- Follow observer protocol 

• 
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Expert Panel Elicitation on Waste 
Particle Diameter 

How 

ORGANIZATION/KEY PARTICIPANTS WASTE PARTICLE DIAMETER ELICITATION 

Carlsbad Area Olr.ce (CAO) 

Assistant Manager Office ol Regulatory CompHance (ORC): Mike McFadden 

ORC Expert Panel Coordinator: Richard Lark 

Public Relalions: Pal Kilgore 

Sandia National Laboratories (SNL) CAO Technical Assistance Contractor (CTAC) lWestinghouse Waste Isolation Division (WID) J 
Point ol Contaclllnterlace: Mel Marietta Expert Elicitation Manager: Lell Erik=n 

I 

I oliiervers I Etidtor/Fadlitator: William ~oberds 

' Expert panel ( Patrick Domenico (Generalist) 
Robert Mutaw (Archaeology) '·, 

Paul Ofez (Chemtstry) 
David Gfandstall (Chemistry) 

Michael Gross (Performance Assessment) 

Paul LaPointe (Rock/Soli/Fluid Mechanics) 

• 

/· < 

21 
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• • 

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) 
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• • 
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) 
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• • 
DIFFERENT TYPES OF TRUW 

• Contact-handled 

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

- WIPP capacity> 168.504 cubic meters (m3 ) 

• Remote-handled 

- Activity between > 0.002 Svlhour and 10 Sv/hour 

- WIPP capacity< 7.080 m3 

- Only up to 5% of total RH TRUW 
volume, i.e.< 354m3, can be above 
0.1 Sv/hour · 

96% 
168,504 m 

0 Sv/hour 

4% 
7,080m3 
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• • 

Expert Panel Elicitation on Waste 
Particle Diameter 

How 

Relationship between parameter and containment system 

• 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 

• 

41 
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• 
WIPP 

Land Withdrawal Act "block" 
(surface area 41 km2) 

Surface projection 
of waste panels 

• 
WIPP 

Land Withdrawal Act 
Boundary 

(6.4 km per side) 

-
Note: 

40 CFR 191/194 
Disposal System 

40CFR268 
Disposal Unit 

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 
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• • WIPP FACILITY AND 
STRATIGRAPHIC SEQUENCE . 

AIR INTAKE SHAFT 

DEWEY LAKE 
l0·168m 

RUSTLER 
84-130m 

SALADO 
533-610 m 

CASTilE 
381m 

BEll CANYON 
304m 

"The best means of 
long-term disposal... 
is deep geological 
emplacement .... " 
National Academy of Sciences 
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• • 
Expert Panel Elicitation on Waste 

Particle Diameter 
How 

Relationship between parameter and 
containment system performance 

• Inadvertent borehole intrusion{s) 

- Spalling 

- Cuttings 

- Cavings 

- Direct brine release{s) 

' \ 

• 

48 
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Expert Panel Elicitation on Waste 

Particle Diameter 
How 

Cuttings 

• Waste contained in the cylindrical 

volume created by the cutting action 

of the drill bit passing through the 

waste (including backfill) / 
\ .·· . 
\ . 

\ .... ,. 

47 
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• • 

Expert Panel Elicitation on Waste 

Particle Diameter 
How 

Cavings 

• 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 
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Expert Panel Elicitation on Waste 
Particle Diameter 

How 

Spa/ling 

• 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 

• 
48 
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• • 
Expert Panel Elicitation on Waste 

Particle Diameter 
How 

Direct brine release 

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

- Requires a repository brine pressure 
that exceeds the hydrostatic pressure ,/_··:·\

1 

of the drilling mud 
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• 
:VIud pump 

,._ . 
CA'IlNGS 

• 
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Figure 3. Delllil of rotary drill string adjacent to repository . 
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Title 40 CFR P:1rt 191 Compliance Certifie:1tion Application 

Subsuriace 
Boundary of 
Accessible I 
Environment I 

E1 

Drilling Rig 
/ Land Suriace 

Upper Seal System-

Shaft 

MB139 Access Drifts 

Pressurized 
Brine 

(Not to Scale) 

Note: Borehole penetrates waste and pressurized brine in the underlying Castile Formation. 

MOWS indicate hypOthetical direction Of groundwater t10w and radionuclide tranSport. 

Anhydrite layers a and b 

l;'iiii#il Culebra 

~ Groundwater flow and 
= radionucllde transport 

0 Disturbed rock zone 

icf;<>t~!4 Repository and shafts 

li§hiil Increase in Culebra 
hydraulic conductivity 
due to mining 

Figure 6-11. Conceptual Release Pathways for the Disturbed Performance 

Deep Drilling Scenario El 

DOE/CAO 1996-2134 6-81 October 1996 

• 

• 
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• 

Caatllo Fm 

CONCEPTUAL MODEL 
FOR SCENARIO E1 E2 

Exploratory 
Drilling Rigs 

DRZ 

Culebra 
Dolomite Member 

Repository 

MB139 

• Not to Scale 

• 

• Disturbed performance 
assessment consists of: 

M8138 

- Inadvertent human 
intrusion 

Connects repository to 
Castile brine pocket 

- Considers potash mining 

- Considers all events that 
have one chance in 1 0,000 
years of occurring 

- Probabilistic determination 
for 1 0,000 years 

- Ninety-five percent statistical 
confidence level in the mean 
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• 
Scenario Consequence Eslimalion 

CUTIINGS S, ORAGFLO DOn 

(Release of Cullin!]~ lo Accessible-Enviroommnl) 

GRASP-INV 

(2-Phase Flow/Closure) 

I M0139 

I 

~------

1 
I 

FMT/PANEUNUTS BRAGFLO 

(Radionuclide (Brine and Gas Flow) 

Subsurfar:e 
Ooundary 

of Ar:cessihle 
Erwironrnent 

Panni Closure 

Access Drill 

. llrino 
llrH;ervnir 

0 
< 
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'< 
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l'igure 6-16. Schematic Side View uf the lliSJIUSIII System AsscodnlinJ! l'l,rfconnaou·e Asst·ssnn·nt 

Codes with the Cont(l011CII1S or fhe UlS!'OSnl Syslem End• Coule Slnnolnllos 

r:r:A01:.' 



 

 Information Only 

a: 

10-3 

Title 40 CFR Part 191 CompliaDce Cen:ifalioD AP!"'iati!w 

------------. ........ ·. 

-·-·-·---. -·-·-

--Total 

............. ·-. ... , 
·, ·,, 

• • • .. • • · Cutlings and Cavings 
--- Spallings 
·-·-·- Direct Brine Release 

"· \-. 
'i;. 

\ 
·.:-, 
··.\ 
:.\ 

' ·, 
\ ·, ·,, 

I 

I 
I 

· .. \ 
· .. \ 

.... , 
:. \ 
:.\ 
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~I 
1 
\ 

Summed Normalized Release, A 

I 
J./EPA 
r ConrUvnent 
I Requirements 
I [l191.13(a)] 

I 
I 
I 

'----1 
I 
I 
I 
I 
I 
I 
I 
I 

• 

=---••a 
Nee: Mean CCDFs an: shown far the 10131 normalized release (this cum: is also shown in Fi~Uft ~ and 

islhe me111 of the family shown in Fipm: 6-3S) and for the normalized rclcucs rcsulli111 from cuttings 

llld caviugs, >pallinp. and direct brine release. Tho mean CCDF for subsurface releases resulting from 

r;rauac~.....,. tnmport is 1101 shown because those rcleasos were leas theOI io-6 EPA uniU and the CCOF 

CIIDX be v-ii at the scale of Ibis figure. 

Figure 6-41. Mean CCDFs for Specific Release Modes, Replicate 1 • OOEJCAO 1996-2184 6-229 O:lober 1996 
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Need for expert 

elicitation 
determined 

Elicitor 
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training material 

Procedure 
developed and __ 
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• 
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Expert Panel Elicitation on Waste 
Particle Diameter 

When 

Schedule 

• CAO approves procedure 
TP 10.6 for expert judgment 

• CAO approves Expert 
Panel Elicitation Plan 
(OOE/CA0-97 -223) 

• Expert Panel manager 
nominates Selectio_n 
Committee members and 
elicitor/facilitator 

• 

4114197 

4121197 

4121197 

30 
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• • 
Expert Panel Elicitation on Waste 

Particle Diameter 
When 

Schedule 

• Public Notice 1 

• Selection Committee meets and 

nominates Expert Panel 
candidates 

• CTAC contracts with panel 

members 

• Expert Panel meets in Carlsbad, 

N.M., prepares draft report 

4121197 

4/22197 

4123-512/97 

515-519197 

• 

31 
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Expert Panel Elicitation on Waste 
Particle Diameter 

When 

Schedule 

• Completion of final draft report 

• End of public comment period on 
final draft report 

• Completion of final report 

- Contingent upon the extent of 
pertinent public technical 
comments 

• 

5112197 

5127197 

5131197 
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• • 
~ert Elicitation on 

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

Probability/Elicitation Training 

,...-·- ··-, 
/ \. 

, ...... _;!' \ _,. _____ '.' 

Dr. Wm. J. Roberds 

Golder Associates Inc. 

Carlsbad, NM 

May 05, 1997 
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Workshop Objectives 

• Familiarize Subject Matter Experts (SME's) 

• variability and uncertainty 

• quantification of uncertainties (probabilities) 

• decomposition 

• assessment procedures and potential problems 

• elicitation procedures 

• Provide context for review of technical 

information prior to actual elicitation 

• Prepare for actual elicitation 

• • 
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• • • 
Workshop Topics 

• Parameters • Probability 

• types • types 

• assessments • assessments 

• Uncertainty • Elicitation 
• • meantng • potential problems 

• sources / • procedures .. , •, 
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Types of Parameters 

• Binary (Boolean) - one of two possible values (x,xj 

• Discrete- one of finite set of possible values (x) 

• Continuous - one of infinite set of possible values 

(xmin < X < Xmax) 

• Population- one set (of various possible sets) of 

values for each member of "population" / :~; 

(variability in group, time or space) (x) l\;, 

• Combinations- one set (of various possible sets) of, 

values for different parameters (correlation) (x,y) 

•
_Golder 

-------------------------- '4~s-~~~~c 
PR31930.301/63467.ppt 

~ ~Ct 

• • • 
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Example (1 of2) 
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Example (2 of 2) 
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• • 
Statistical Variability 

• Spatial 
• conditions vary with location 

or among individuals ( z) 

• Temporal 
• conditions change with time (t) 

- degradation (size) 

- stochastic (seismic loads) 

• bescriptors 
• individual or pairs of values 

• • average or extreme values 

X 

X 

z . . I 

at t. 
I 

z. 

at z. 
I 

t. t 

•
_,Golder 

----~-------------------- ~~~s-~~~~~ 
PR31930.301/63487.ppt 

~ ~ 
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Statistical Correlation 
• Dependence - relationship between parameters 

• variability in "dependent" parameter is reduced when 

considering subset with specific value of "independent" 

parameter 

• Independence - no relationship between parameters 

• variability in parameter is not reduced when considering 

subset with specific value of other parameter 

• Types of correlations 
• • • • 

• inter-parameter - among tnputs, sensttlvtty, or error 

• intra-parameter - spatial or temporal autocorrelation 

.,Golda 
PR31930.301163487.pp1 . -:- ~sod.ates 

• • • 
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• • 
Parameter Assessment 

• Measurement 

• practicality (quantity and representativeness) 

• potential errors 

• Inference 
• interpolation 

• extrapolation 

• decomposition (model: x = f(~)) 

- simplifications 

- similar problems at more detailed level 

PRJ 1930.301163487.ppt 
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Uncertainty 

• Parameter value(s) are not known with 

absolute certainty - various values are possible 

• Uncertainty in parameter value is due to 

• imperfect information (ignorance) 

• stochastic/ random process (variability) 
(;'1~_~;-
\Y.f 
~-

• Uncertainty in parameter value can be 

quantified in terms of probability distributions 

= relative likelihood of possible values 

...,..PR3 ..... 1930 ..... 301/6~3487~.ppt --------·~ 

• • • 
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• • 
Types of Probability Distributions 
- binary param.eter 

probability P[ x] 
· expresses relative 

likelihood (from 

O=impossible to 

1 =guaranteed) of 

binary parameter x 
\ 

' 

x' 

P[x] + P[x'] = 1 

.... PR3--1930--.301--.../6348~7.pp~l ---------(It~ 
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TY.J>eS of Probability Distributions 
- atscrete parameter (1 of2) 

probability mass 
function (pmf) p[x] 

expresses relative 

likelihood (from 

O=impossible to 

1 =guaranteed) of each 

possible value of 

discrete parameter x 

p[x] 

0 

.. --··~ .. _ 

///f./::.· 
'(_~_ 

012345678 X 

Lan x p[x] = 1.0 

•
_Golder 

----------------------- '4ns-~~~~~ PR31930.301/63487.ppt 
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• • 
TXJ>eS of Probability Distributions 
- dtscrete parameter (2 of2) 

if x are ordered, 
1-

cumulative distribution o.95-1-----

function (cdf) P ~[x] 

expresses relative 

likelihood (from /- __ o.o5-·~-= 
/ \ 0 

O=impossible to ~ ... ' -·t......A---!--+-1 x~1 -~-X ... 

d) f b • 
median 

1 =guarantee o e1ng ... ~ 

equal to or less than 90% conf. int. 

each possible value of P s_[x] = Lau xis_x p[xJ 

discrete parameter x (' 
-Gold~ 
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Types of Probability Distributions 
- continuous parameter ( 1 of 3) 

probability density 

function (pdf) p[x] 
expresses relative 

likelihood (from 

0 =impossible to 

oo =guaranteed) of each 

possible value of 
• 

continuous parameter x 

P.[x] 

0 

Mode 
Lower ( t mos 
Bound likely) 

5% + 95% 

Upper 
Bound 

X 

Jan x p[ x] dx = 1. 0 (~:;1;.: 

IIIIIIIPR3~193 .... 0.301~/634~87.pp-t ----------~ 
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• • 
Types of Probability Distributions 
-continuous parameter (2 of3) 

cumulative distribution 1-l----~~-o.s5-

function (cdf) P ~[x] 
1 ' p <(X) .5 -1------fi.l 

expresses re at1ve 
likelihood (from (~;·:,:~\ 

\ / 0.05 -~----m 

0 = impossible to - 0 -a.=._-+--:-' +I r-".----+-~ 
Xa X X 

1 =guaranteed) of being median 
~ ... 

equal to or less than each 90% conf. int. 

• 

possible value of 
• 

continuous parameter x 
P _s_ [X] = fan xi_s_x p[ xJ dxi 

.GoldrJ: 
~~~------------------- ,~~s-~~~~~ 
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Types of Probability Distributions 
- continuous parameter (3 of 3) 

Convenient forms 
• uniform 

- lower bound of x 

- upper bound of x 

• normal (Gaussian) 
-mean of x 

- standard deviation of x 

• lognormal 
-mean of In x 

0 _..____...__ ___ .___~ 

X 

X 

Ptnxlln x] 

- standard deviation of In x 

-PR-319-W.W-116-34B-7.pp-t---------------------~~ 
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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 

f[x] 

p[x] 

X 

value of X~:- expressed by /------" e.g., p[x] = N[p[mx], p[sx11 

pdf p[x:~] or cdfP ~[x:~] ( ::-:) 

•
_Golder 

~~~------------------- '4~s-~~~~~ 
PR31930.301/63487.ppt 

~ ~~ 

• 



 

 Information Only 

types of Probability Distributions 
- parameter combinations 

• joint probability distribution p[x,y] expresses 

relative likelihood of each possible combination of 

values of parameters x andy: p[x,y] - p[x I y] p[y] 

• conditional probability distribution p[x I y] 

expresses relative likelihood of each possible value 

of parameter x as a function of the value of 

parameter y (assumption): p[x] = :Lan y p[x I y] p[y] 

• correlation s[ x,y] expresses relationship between 

relative likelihoods of values of parameters x andy 

•
_Golder 
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Decomposition 

• Relationship 
• parameter of interest =function of other 

parameters, which are more convenient to estimate 

• Graphical representation 

• fault tree 

• event tree 

• probability tree 

• influence diagram 

• Conceptual/ analytical simplifications 

~PR3--193~0.30~1/634~87.p"'!'-p1 ---------(·~~~ 

• 



 

 Information Only 

Fault Tree 

X 
I 

r----or-~ 

A 1
.--- and ---. 

B 

Event X will occur if either Event A or (Events B and C) occur 

P[X] = P[A] + P[B and CIA'] 

= P[A] + P[A']*P[BIA']* P[CIB and A'] 

A.[X] = A.[A] + A.[B and C) 

= A[A) + A[B)*P[CiB) cfJ' 
-------- _Golder 

~sodates PR31930.301/63487.ppl 
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Event/Probability Tree 

B 
~ ABC X P[A]P[BIA]P[CIB,A] 

ABC' X P[A]P[BIA]P[C'IB,A] 

AB'C X P[A]P[B'JA]P[CJB' ,A] P[X] 
C' 

A 
-~ B' 

C' AB'C' X P[A]P[B'IA]P[C'IB' ,A] 

A'BC X P[A']P[BIA']P[CJB,A'] 

A'BC' X' P[A']P[BIA']P[C'IB,A'] 
1/ c 

B 
C' 

A'B'C X' P[A']P[B'IA']P[CfB' ,A'] P[X'] 

A'B'C'X' P[A']P[B'IA']P[C'IB' ,A'] .:·:··, 
A'., ~ 
. B' C' 

'·-\'?-c1 I 
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Influence Diagram 

X 
Jf ' 

A D 
! ~ 

~ c 

X= f{A,D} 
D = f{B,C} 
X= f{A,B,C} 
p[X] = f{p[A,B,C]} 

(/;,,;" ,f., 

\.... ___ _ 

The parameters which influence X can be identified 

incrementally to any level of detail 

~PR3~193~0.30~11634~87.pp-t ---------<t~~ 
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• • 
Premise 

"Everything should be made as simple as possible 

but no simpler." 
Albert Einstein 

-PR3-1930~.301/6~3487~.ppl --------~fl~ 
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Sources of Uncertainty 

• Scenario 
• current conditions and ongoing processes 

• future processes, events and decisions · 

•Models 
• conceptual simplifications 

• numerical approximations 

• Parameters 

0;-;·, \-'/ . 

--·· 

• variability 

• insufficient data 

-PR3-193-0.~-1~4-87.p-pt-------------------~~ 
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Decomposition Model 

Input Parameters (x,y) Conditional Consequences (Z.) Consequences (Z) 

p[xl 
p[S] 

A B Scenario,S 

p[y I x*] 

p[y] 
p[Zl 

z 

""'!"PR3 .... 193~0.301~/634~87.p-pt ---------(·~~ 
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Modeling Techniques 

• Analytical solutions/ approximations 
• very complex {except for simple models) or many simplifying 

assumptions are required 

• Event tree/fault tree/reliability analysis 
• failure expressed in terms of specific combinations of discrete 

I events 

• Monte Carlo simulation 
• many possible scenarios (parameter combinations/models) 

are generated randomly and evaluated, and the results are 

weighted by the likelihood of each of those scenarios ,----- , 
I .,...;,?~ ' 

• proprietary to commercially available tools {spreadsheet \ '" " 

addin) ~ c!l ' 
@Risk Example · _ i:. _ Golder 
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• • • 
Spreadsheet Simulation 

• Uncertain system parameters: 

• X= Normal distr w/ mean= 10 & stnd dev=S 

• Y = Normal distr w I mean= 20 & stnd dev = 5 

• Possible assumptions (scenarios): 

• A, additive (Z=X+ Y) P[A]=0.25 

• B, multiplicative (Z = x:~Y) P[B] = 0.75 

• Uncertain consequences: 

p[Z I A], p[Z I B], p[Z] 

.Golder 
~PR3~193~0.W~1~~487.p~pt________

___________ ~~socUUes 



 

 Information Only • 

Spreadsheet Model 

X 
y 

.............. 1 Q 
1
.
1 

Bi~~N<?~I!l?tl(1 Q,§)ll . 

s 
Zl,l\ 
?J~ 
z 

, _____ . -·-- .... 

PR31930.301/63487.ppt 

. 20 .... RiskNorf11c::t1(20, 5) 11 

0. 75 II ... RiskDi~cre!e( {Q, 1}. {0. 25, 0. 7 
30 11=8 1 + 82 11 

200 11 =81 *82 11 

.. . -··. . ·-- ·----·· . .. ··-····· ...... --- --------' . - ·--·-- .. "'" ...... . 

200 II=IF(83=0, 84, 85) 11 
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Simulation Model 

---- ____ _, ___ _ 
• . . . 

• • • • 
----'T---~-.--0 • . . . . 
---- .f---- -!-. . . . . . 

PRJ 1930.301163487.ppt 

---- .... ----• : 
• - ____ ,; ___ _ 
: 
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Simulation Settings 

~·Golder ~PR3~1930.~301/6~3487 ...... ppt --------~-- -=- i\ssociates 
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Tabulated Results 
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Summary Graphical Results 

•
_Golder 

--~--------------- '~~s-~~~~~ PR31930.301/63487.ppt ~ ~ 

• • 



 

 Information Only 

• • 
Unconditional Results 
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Sensitivity 

"Goldfz -PR-319-~.~-1ffi~348~7.pp-1 --------------------- ~so~ 
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• • 
Direct Assessments of Probability 
Distributions 

• 

• Objective 
• representative data set = > statistical analysis/ model 

• such data sets do not exist for some parameters 

• Subjective 
• non-representative data set = > uncertainty based on 

judgment consistent with all available data 

(very commonly done implicitly) 

• results are non-unique and may be controversial 

• procedures are available to effectively mitigate 

· potential problems and achieve consensus in 

- .. ~,~:fensible way ·~ 
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Subjective Assessment of 
Probability Distributions 

• Almanac game -
• assess specific confidence intervals for many 

parameters with known values (ref. almanac) 

• example: assessor states an 80°/o confidence that 

the population of Indonesia in 1988 was between 

50 and 150 million (true value is 177m) 

• percentage of parameters with true values in 

assessor's specified confidence interval should. 

equal that confidence (e.g., half in 50°/o interval) 

• As~essors c~n be calibrate~( corrected or r.;;;·,, 
tratned to tmprove ~ • \co 

?#l - i:- _ Golder ·· 
~PR~319~30.3~01~~348~7.pp-1---------------------.. ~~8~ 
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• Almanac Game 
Questionnaire # 1 

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 

Cumulative Probability 

0% 10% 50% 90%100° 

• (12/31/86) 

• 

5. Pope Gregory IX reign .• 
{ f; _,..;:, 

duration 

6. Canada's 1987 crude 

petroleum production 

\ i :.' 

' 

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: 

PR3 1930.301/634B7.ppt 
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Potential Problems with Subjective 
Assessments (1 of 2) 

• Poor problem structure 
• ambiguous parameter definition (random or 

average or percentile values, correlations) 

• unspecified assumptions (conditional) 

• incomplete knowledge of available information 

• Poor quantification 
• • • tnaccuractes 

• imprecision (fuzziness) 

• Large uncertainties ~ 

-PR3-19-30.3-01~-3487-.pp-t --------------------~~ 
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• • 
Potential Problems with Subjective 
Assessments (2 of 2) 

• Poor defensibility 

• inadequate qualifications of assessor(s) 

• inadequate documentation 

• Group problems 

• lack of commonality on problem structure 

• disagreements or differences of opinion 

• group dynamics 

• Uncorrected individual assessment biases 

• motivational- statements inconsistent with beliefs 

• cognitive -.beliefs inconsistent ~ 

with ipfurmatign 111\)Golder 
~PR-319-~.3-01ffi-348-7pp-1---

---~~~~~~---~AssocbUes 
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Motivational Biases 

• Management - what they want to hear 

• Expert- appear knowledgeable 

• Conflict - self-serving 

• Conservative - err on the "safe" side 

• Peer pressure- go with the crowd cy;~'·: 

.Golder ~~~------------------- ~,~~s-~~~~~ PR31930.301/63487.ppt ~ ~ 
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• • • 
Cognitive Biases 

• Anchoring- focus on starting point 

• Overconfidence - ignore unlikely possibilities 

• Coherence/Conjunctive Distortions - ignore 

components (combinations: e.g., P[x] = fly P[y ]) 

• Availability - focus on easily recalled information 

• Base Rate - focus on most specific information 

• Representativeness - ignore relevance of different 

types of information (treat all equally) ~/~;~~\ 
\ ··<~ / 

~ 
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Almanac Game 
Questionnaire #2 

1. Istanbul-Hong Kong air dls1tanc:el 

2. Romanians WWI battle faa..<uu.u;; 

3. Chicago Tribune paid circu · 

(M-F avg 12/87) 

4. Poland population (12/31/86} 

5. Number of baptized Roman 
Catholics (12/31/87} 

6. China's 1987 crude 

petroleum production 

7. World ranking of SeaTac 
(1987 passengers) 

8. Year of first manned balloon 

flight 

9. Diameter of Neptune 

10. Poland area (12/31/87) 

Number of actuals: 

PR3 1930.301163487.ppt 
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• • 
Subjective Assessment by Expert 
Elicitation 

• 

• 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 

• Elicitation - explicit interaction between 

• elicitor - understands probability, elicitation, and 

parameter definitions/ model 

• technical expert(s}- most familiar with all available 

information and best qualified/ unbiased to interpret 

that information ~ess ignorance) (, 
~i: _Golder 
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Variables of Expert Elicitation 
Process 

• Number and credibility of experts 
• representative sample of technical community 

• Interaction and consensus among experts (if 
more than one) 

• Outside participation and review 

• Information collection and review 

• Elicitation techniques, detail and precision (-i\ 
• Defensibility and documentation 

·. ffiGW.der 
PR31930.301163487.ppl . . -=- ~soclates 
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Expert Elicitation Process 

Need for expert 
elicitation 

determined 
_ _r::~~~~:~~r:ndl-{~:~~!~~---
1~ approved appointed 

G
._E-ti~itor~-J -------- [ Ei;~i;orzJ----~-~:-,._PI~-~---1-- ~-seieciioil-1 

d 1 _____ . t d -- developed and -··--·----- Commottee 
eve ops . -- appoon 8 approved appointed 

nong materoal -·------· ··-·-··---- ·--- _____________ _ 

---- - -~?_~~:~c~-J- ~---...__ __ l ~n°t~~~·:t~:: 
[

-l'uiltic 
submits 

written input 
--- -----

assembled 

- --------·---- ,~:¥:Lr/ -_] 
---------- -- ------------- --r ~~~~:i;~. ---r 

~----- ·--------- ------· '- ····------------

~Llsi- "_-_' exii. ed candidates 
developed 

- ..: -~·-- ···. Expert's 
qualifications/ 

ava ita bility 
determined 

Experts 
selected 

•• Experts 
contracted 

-- --. - -- --
Public Review 

' I lPu~~J~~~~~- --- [=~~~~i~!~-~ 
l-Experi-- J~Presentation of ]{onceptual J 

1 p ~~-~i-t~~~ u_i] 

~ e~i~~t~~~]{:e~~~~~~:on 
. . '!If 

.. /. 
Jora.ft report l developed 

\ .. 

training/ technical model 

? r~_n ~a ti~n _ _ _il1_fo rm at!o n_ d e_.':'._e top m-~~ 

PR3 1930.301/63487.ppt 

r~"'··- .. 

MEETING 

Final report 
de veto pe d 
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Expert Elicitation Materials 
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 .1 0. Review and approved or dissenting 

opinions provided by the experts 

3.11. Documentation of the Process and 

Results 

PRJ 1930.301/63487.ppt 

• 

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 

Transcript 
Transcript; written summary 

Spreadsheet; OHs 

Transcript; statements signed by each expert 

Report; review comments; statements signed 

by each expert regarding comment resolution 

.Golder 
\Z1Assodates 
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• • 
General Expert Elicitation 
Procedures (1 of2) 

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) 

• 

/-~----,---.. ->~ -.\ 
I. •• -~ 

\ .. 

3. Elicitation - depending on 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. 
- _Golder · 

PR3 1930.301/63487.ppl 
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General Expert Elicitation 
Procedures (2 of2) 

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- pr.obability distribu

tion~ ~re restated by elicitor and confirmed/ (i' 
modlfled by expert(s), and the . . ' c' 

entire process is documented <J. 'Gddu 
PR31930.301163487.pp1 

-=- 1\ssodares 
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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., is x < 4 

more likely than event y with known probability?) . 

3. specific percentile values 

• direct assessments (e.g., almanac game) 

• convergent pair-wise comparisons of confidence 

intervals (e.g., is x < 4 more likely than x > 4? ) 

4. most likely value (:<·:'\~ 

5. distribution form 

-PR3..;l91~-~r'-ffi3~ ... 7.ppm_l _e_tr...._y_a_n_d_m_o_d_a_li...aity..,) __ ca~~ 
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Probability Wheel 

Choose A or B as most likely 

A = {spin wheel and 
land in target area} 

B = {X<4} 

Adjust size of target area 
(or value of X) 
until indifferent to choice 

0~·. 

-PRJ-19~-.301-ffi34~87.p-pl------------------~~~ 
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• • • 
Intervals 

• 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 

• to define 33 and 67 percentile values / 
/ ... ·---~ 

choose between A, B and C as most likely \, 

A= {X<3} B = {3<X<6} C = {X>6} 

adjust threshold values until indifferent to choice 

-·m.~·-'~ a~~ 
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Integrated Construction of 
Prooability Distribution 

100°/c 

~ ·-·-.c 
cu .c e 
c. 
Q) 

> ·--cu -:::J 
E 
:::J 
(,) 

0% 

interval 

shape 

" 
mode X 

~ ·-' -·-.c 
cu .c 
0 ... 
c. 
Q) 

> ·--cu -e 

0% 

-~ 
RisWiew 

shape 

X 

•
_,Golder 
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• • • 
Discrete Distribution View 
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Continuous Distribution View 
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Cumulative Distribution View 

0.5 

-7.5 0.0 
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Modified Cumulative Distribution 

//--- -··,~. 

( •. ·· ... 
' 
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•• • • 
Modified Density Distribution 
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Distribution( s) Fit to "Data" 

PRJ 1930.301/63487.pp1 
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• • 
Conclusions 

• Due to variability (irreducible) and/ or 

ignorance (imperfect information), there is 

uncertainty in specific parameter values 

• Uncertainty can be quantified in terms of a 

probability distribution, which expresses the 

relative likelihood of any possible value 

• 

• Probability distributions can be defensibly ./ ·=~~~·\ 

assessed based on the elicited judgment of · · 

qualified and unbiased technical expert( s ), . 

consistent with available information and 

minimal assumptions .GoldB 
PRJ 1930.301/63487.ppl 
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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 

<P A). 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 implemeniation 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. 

8.1 Inputs ( i 
\ J t. 

B.l.l Parameters 
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. 

• initial waste characteristics: 

\_ 
'--· 

. The assessed iunounts 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 Jaw for the cumulative frequency of particle sizes. Currently, although 

there is a place to 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 

--6pposed to cementatio11-3gents) 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. 

• 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: 

• corrosion of iron- and aluminum-base metals, 

• biodegradation of cellulosics and solidified organics, 

• biodegradation of rubber and plastics, and 

• dissolution of MgO. 

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 terrns 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 P A code; by re-coding the spreadsheet as an add-on module to the P A 

. 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 eaTlo simulation as 

input to the decomposition model. This simply requires that a Monte Carlo simulation tool (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 inadverteilfhitrusion 

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. 

8.2 Calculations 

B.2.1 Modeling Steps 

The various input parameters are used to generate the results of interest, using the algorithms 

presented in Section 4 of the report. Specifically, these include the following steps: 

I. The initial waste characteristics (as assessed by the expert panel) are specified in sheet 

'WP _size": 

• The initial large scale average amounts (li'J0, in percent by weight, although not 

necessarily adding to 100% ), density ('yj) and categories i (ilj, wherej is one of the 

following groups: 1) Fe- and AJ-based metals, which are subject to corrosion; 2) non

iron metals/inorganics/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 

materials, vitrified ceiJulosics, rubber, plastics, solidified inorganic materials, 

solidified organic material, cement (solidified), soils, steel packaging, plastics 

packaging, lead packaging, steel plugs, MgO backfill, and salt fragments (in cells 

B 13:B30, 013:0:30, and EJ3: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 (W10) in percent by weight could 

be input directly (in cells B35:B40 for large scale average and in ceiJs 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 (W10 in percent by volume) of each 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}10, 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:F40 and G35:G40, 

respectively) and in terms of a piece-wise power law CCDF, where 

CCF{ v };o = (Xu/v)0
H if v > v2; 

D2i . = (X:!;Iv) tf v::; V2; 

::; 1.0 
;ao.o 

X1;, D", V 2;, Xo;, and D2, are specified for each material group i (in cells 13:5:140, 

-B5::14G;-K3!i~K4Q,L;lS.;L4Cl,-and.M35~M40~_re_specti vely). _ _ 
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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 (w/w.JP (in cells E47 :E52). 

• The average size distribution for free particles which precipitate out for each of the 

material groups p (CCF{v}p, 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 

ccF{ v l. = cx,,tvr• if v > v,. ( '\~" ) 

= (X2,fv)
02

P if v ;5 V2p 
',~ 

:5 !.0 
2: o.o 

x,., D 1., V 2•, X2., and 0,. are specified for each material group p (in cells 147:152, 

J47:J52, K47:K52, L47:L52, and M47:M52, respectively). 

The initial amounts and particle size distributions of various wastes types at a random 

location are actually uncertain and a function of the large scale average, the variability and 

critical scale of the material (cells Hl3:I30 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, 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 "PAinput": 

• The characteristics of inadvertent intrusion at a random areal location, include 

the time of interest (t, 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, they are not 

currently used as variables in the model to predict future repository conditions, only 

as labels. 

• 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/w0)J, in percent by volume of material remaining) and 

average depth (Lir~<, in meters) of corrosion of Fe- and Al-based metals (in 

cells B8 and C8, respectively); 

the total amount ((w/w0)4, in percent by volume of material remaining) and 

average depth (Lir4, in meters) of biodegradation of cellulosics/solid 

organics (in cells B9 and C9, respectively); 

the total amount ((w/w0)5, in percent by volume of material remaining) and 

average depth (Lir5, in meters) of biodegradation of rubber/plastic~ (in cells 

B10 and C10, respectively); 

• 

• 

the total amount ((w/w0)6, in percent by volume of material remaining) and 

average depth (Lir61, in meters) of dissolution of MgO backfill (in cells B 11 

and C11, respectively); 
• 
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the waste porosity available for cementation (n1, in percent of room volume 

after closure which is void space) (in cell Bl4); 

the amount of salt precipitated out due to brine consumption during 

corrosion and MgO dissolution (Liw1., in percent by weight of initial room 

contents) (in cell B 1 5); and 

salt encapsulation due to continued creep (LivR., 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 (1), scale (v) and location. in the room (h). 

Several of the parameters can be derived from others: 

where 

The amount of material remaining (wu) and the average depth (Lir1,) of the 

process at time t are related by: 

(w;o- w,jlw;o = (W;.r/y,r;- W;/y,j/( W,r/Yio) 

where for spherical volumes 

w,0 (total initial volume) = J (7t/6) d;0
3 f{ d;o} d(diO) 

w,, (total volume at timet) = J (7t/6) d,,l f{ d,,} d(d,j 

d;, (particle size at time t) = d;o -~ •• 

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 = 

X 
v• 
f{v*}, 

= 
= 

= 
= 
= 

Atotal volume * density 
{initial total volume - total volume at time t} density 

X{L,. v f{v}.- 4 v* f{v*},) density 

initial total volume/Lvv f{v} 0 

n:{(6v/n:) 113
- ~}3/6 

f {v}. 

The amount of salt precipitated out from brine during corrosion and 

dissolution ofMgO (Liw11) 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 MgO 

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 MgO dissolution, can be 

appropriately modified. 
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• The amount ofsalt encapsulation can be determined approximately as the • 

difference in room closure between a room filled with waste (which has a 

fmite 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 ("'J0) 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 C!3: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. · . 

4. The piece-wise power law presented in step 1 is used to determine the CCF for specific 

particle sizes (each order of magnitude) for each material group (in ceUs 035:AL40), 

assuming an absolute minimum size of IE-19 m3 (CCF=l.O) and an absolute maximum size 

of 1E+4 m3 (CCF=O.O). 

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 

04l:AL41), based on: 

CCF{v}o = l:; w;o CCF{v};o 
where 
CCF{ v }o 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 };0 is the initial CCF for particle size v for material i 

The set of CCFs for various possible values of v is termed the CCF distribution (CCDF). The 

CCDF from this stepis 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* = IO"{(IogvL +logvu)/2 I 

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{v*};o = CCF{vL};o- CCF{vu};o 

The average or mean particle size for each material group is determined (in cells CI35:CI40) 

m{ v ho = l:.,. v* f{ v* ho 

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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d;o is the initial particle diameter= (6 v1r)rt)lf3 

V;o is the initial particle size (volume) (in cells P46:AK46) 

~,,is the change in particle radius (in cells D47:D52, copied from PAinput) 

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: 

• It is 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 

"Groupl", "Group2", "Group3", ~'Group4n, "GroupS", and ''Group6", as 

appropriate). 
• The largest reduced size (vL) less 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 (vu) greater than the 

specific particle size is by definition the next one larger than v~.-

• 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*) =IO"{logCCF{ vL)-[logCCF{ vL)-logCCF{ vu )] 

* [logv*-logvJ/[logvu-logvJ ) 

CCF{vd 

CCF{v*) 

CCF{vu) 

logCCF 

VL v* Vu 

9. Similar to step 6, the CCDF for reduced particle sizes (CCF{vJ,~. cells AM47:BJ52) 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 lf{v}1~) is determined by the 

difference in CCFs at the end points of each bin (in cells BL47:CH52); and the average 

particle size (m{v};~) is determined for each material group (in cells CI46:CI52) .... 

10. The total amounts (w, and w,.., in terms of percent of original volume) of each group that is 

remaining (i.e., not corroded, dissolved or biodegraded) and that is dissolved, respectively, is 

determined (in cells F47:F52 and AH59:AH6l, respectively) from the original volume 
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amounts (w;o, cells C35:C40) and the predicted remaining amounts ((w/wo)1, cells C47:C52) 

for each group 

w;, = W;o (w,lwo); 
wpd, = w;0 [I - (w,lw0);] only for material groups 1 and 6 

The amount of salt that is dissolved (.6.w3., in brine that will be consumed during various 

processes) is in addition to, and specified (in cell B60, copied from "PAinput") 

independently from, the original amount of salt fragments. 

11. The amount (if any) (in terms of percent of original volume) of each group that goes into 

cement (wpc1) is determined (in cells Al59: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 

group that is proportional to the ratio of the total minimum amount of cement (from all 

groups) to the specified total available porosity 

wpc:,= wpd, [1- (w,lwd)p] + IL.> wpd, [1- (w,.fwd)p]} wpd, (w,lwd)p In, 

~wpd, 

~0 
where 
(w,.fwd)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 "PAinput") 

r:. t-., 
·\~\ .' ,J 

• 

12. The amount (if any) (wp,. 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 (wpd,) and the amount that goes into cement (wpcr) (in cells AK59:AK61, which are 

copied to cells H47:H52) 

Wp1 = Wpdt- Wpot 

13. Similar to step 4, the CCF of specific particle sizes (i.e., each order of magnitude, cells 

AM58:BJ58) (CCF[v}pt) is determined (in cells AM59:BJ6!) for free particles which 

precipitate out for each material group that has dissolved constituents (Fe- and Al-based 

metals, brine and MgO), based on their specified piece-wise power law (cells I47:M52). 

14. The percentage of the total amounts of particles related to the remaining material (w1,.) and to 

the precipitated free particles of each group (wpr•l is determined (in cells BK47:BK52 and 

BK59:BK61, respectively) 

W;,• = w;, I I l:, W;1 + Lp Wp.} 

w..- = Wp11 ll:. w11 + l:p Wpt} 

15. The CCF of specific particle sizes (i.e., each order of magnitude, cells AM58:BJ58) is 

determined for the combination of all remaining materials and precipitated free particles (in 

cells AM63:BJ63), based on: 

CCFiv}.,. = l:, w1,. CCFivhn + l:p Wpt• CCF{v}p~ 

where 
CCF{ v }.,. is the CCF for particle size v for the composite material, after reduction 

and precipitation of free particles 

w,,. is the percent of the composite material comprised by remaining material i • 

CCF I v hn is the CCF for particle size v for remaining material i 

• ' 
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wp.- is the percent of the composite material comprised by precipitated free particles 

of material p 
CCF { v }., 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 I .0 (in cells B72:Y72), and is plotted in "Results." 

This represents the particle size distribution considering reduction processes, but not 

considering any cementation or encapsulation processes. 

16. 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 if{v),.,) 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),.,) is determined (in cell 

CI63). 

17. 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}Cl = v f{vJ ... n:, v f{v}q>t 

The average aggregated particle size (m{vlcr) is determined (in cell Cl65) in the same way as 

in step 6. 

18. 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:CH65 in cells B66:Y66) 

CCF{v}" = l:mauv'>v f{v*)e~ 

This CCDF is the "reduction+cementation" result. The "reduction +cementation" CDF is 

derived by subtracting each CCFfrom 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. 

19. 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 hrrge size bin (e.g., 10 to 100m3
) (in cells BL67:CH67) 

f{ vj, = AvR1 [f{ v)" + g{ v lJ 
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{vj,) is determined (in cell CI67) in the same way as in step 6. 

20. 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{vj,), is 

determined (in cells B67:Y67) by summing the relative frequencies if{v],) for all larger 

particles (from cells BL67:CH67). This CCDF is the 

"reduction+cementation+encapsulation" result. The "reduction +cementation+ 

' . 
~' r 
\ f I 
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encapsulation" CDF is derived by subtracting each CCF 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 

v- particle size (volumetric in m3
) 

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 volume) of a material 

CCF{x}- complementary cumulative frequency (i.e., %exceeding) of value of x 

f{x}- relative frequency (in%) of value ofx 

m{ x} - average value of x 

/' 

/~\ i 

\V 

W10 - initial amount (%by weight of room contents) comprised of detailed material type j 

wm- initial amount(% by volume of room contents) comprised of material group type i 

iij- material group i within which detailed material type j belongs (due to similar effects of 

processes) 

X1• D1• Vz• Xz• and Dz;- parameters for piece-wise power law CCDF describing CCF{ v };o 

X1po D1po Vzpo Xzpo and D2,- parameters for piece-wise power law CCDF describing CCF{v}p 

(wjwd)p- percent of dissolved material group p which will precipitate out as free particles given 

large available porosity 

(w/w0)I- percent of material group i remaining after reduction process at timet 

t1r.,- average depth(= change in radius of spherical particle, in m) of reduction process at timet 

n, - waste porosity at time t 

tlw3,- amount(% by volume of original room contents) of salt precipitated out due to brine 

consumption 

tlvR,- amount(% by volume of room contents after closure) of waste which is encapsulated by 

intruding salt 
d10 - an initial equivalent particle diameter size for material group i 

v,0 - an initial particle size for material group i 

v., - a particle size for material group i at time t 

w,,- amount(% by volume of original room contents) comprised of material group type i 

remaining at time t 

w,,- amount (%by volume of original room contents) comprised of material group type p 

precipitated out as free particles at time t 

w,,*- amount(% by volume of non-cemented particles) comprised of remaining ·material group 

type i at time t 

w,, • -amount (% by volume of non-cemented particles) comprised of precipitated free particles 

of material group type p at time t 

Wpdl- amount(% by volume of original room contents) comprised of material group type p which 

is dissolved at time t 

Wpa- amount(% by volume of original room contents) comprised of material group type p which 

is precipitated out as cement at time t 

CCF{vh0 - 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 group p 

CCF{v}o- initial particle size distribution (frequency of exceedance) for composite material 

f{v} 10 - the initial relative frequency of v for material group i 

m{v}m- the initial average value ofv for material group i 

• 

• 

• 
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CCF{v};n- particle size distribution (frequency of exceedance) for material group i at timet 

considering reduction processes only 

f{vl.-n- the relative frequency of v for material group i at timet considering reduction 'processes 

only 
m{v };n - the average value of v for material group i at time t considering reduction processes only 

CCF{v}p,- particle size distribution (frequency of exceedance) for material group pat timet 

considering precipitation of free particles only 

CCF{vj"',- particle size distribution (frequency of exceedance) for composite material at timet 

considering reduction processes and precipitation of free particles only 

f{v}""- the relative frequency of v for composite material at timet considering reduction 

processes and precipitation of free particles only 

m{v }"" - the average value of v for composite material at time t considering reduction processes 

and precipitation offree particles only 

CCF{v}cr- particle size distribution (frequency of exceedance) for composite material at timet 

considering reduction processes, precipitation of free particles, and cementation only 

f{v}cr- the relative frequency of v for composite material at timet considering reduction 

processes, precipitation of free particles, and cementation only 

m{v}01 - the average value of v for composite material at timet considering reduction processes, 

precipitation of free particles, and cementation only 

CCF{v},- particle size distribution (frequency of exceedance) for composite material at timet 

considering reduction processes, precipitation of free particles, cementation, and 

encapsulation 
f{vj,- the relative frequency of v for composite material at timet considering reduction. 

processes, precipitation of free particles, cementation, and encapsulation 

m{vj,- the average value of v for composite material at timet considering reduction processes, 

precipitation of free particles, cementation, and encapsulation 

8.3 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: 

• initial conditions (considering crushing due to room closure but not other reduction, 

cementation, or encapsulation processes), 

• considering reduction but not cementation, or encapsulation, 

• considering reduction and cementation but not encapsulation, and 

• 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 will be a true population distribution 

of particle sizes in the repository (i.e., a specific percentage of the particles will exceed a 

particular size). As discussed in Section 4 of the report, the results of the decomposition model 

( ,:;-.. ,_, 

I J Vi ' . 
\ ' . .__" .~-
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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 population 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. 

It should be emphasized that the population distribution represents the inherent variability in 

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 larger 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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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 

• Definition of issue(s) 

• Definitions of variability and uncertainty in particle 

• 
SIZeS 

• Definition of types of effects on particle sizes .· 

• Description of initial waste inventory 

characteristics 

• Description of processes affecting particle sizes 

• Description of effects of processes on particle sizes 

• Abstraction of above in (?~ .· 

........,..D_e_c_o_n_'P_o_s ..... it_io""""n"""'M_o_d_e_l __ .. ........... · """""""'....... .GOlder 
PR3 1930.301163487.ppl • 
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Technical Issue Definition 
What is the conditional probability distribution for 

the waste particle diameter frequency 

distribution (i.e., % of particles exceeding a 

particular size) at a random a reallocation, 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? · 

• just prior to an inadvertent human intrusion 
/ ..... , 

• after tensile failure during spalling ey_~nt (:~" ·_ 

· <D,Goldtt 
PR3 1930.301/63487.ppl . 
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• • 
Limitation 

• Radioactivity associated with particles is 

important to determine release and exposure 

• This is outside the scope of this elicitation 

• Conditional probability distributions for 

radioactivity as a function of particle size and 

possibly time could subsequently be developed 

and applied 

• If radioactivity is approximately independent 

of particle size, it could 

simply be apportioned 

PR3 1930.301/63487.pPI : 
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Definition of Waste Particle 

Waste Particle 

• individual piece or aggregated collection of 

pieces with significant internal strength (e.g., 

uniaxial tensile strength>20psi) 

• particles are much more likely to separate 

from each other, rather than to break up into 

smaller pieces (~~> 
"---

--=---=-~----~--~------~(flt~ss0o1d~,.;~ ..... l1no. s 
PRJ 1930.301/63487.ppl 
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Equivalent particle diameter (d)= 

/diameter of sphere with volume (v) equivalent 

.~to individual "particle" v=nd3/6 
I . 

_,.--···· ~. 

blocks (30) 

spheres plates (20) 

rods (1 D) 



 

 Information Only 

Population of Waste Particle 
Diameters 
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Statistical Description of Population 
of Waste Particle Diameters 

100%~, 

I 
O% -r··············-...-llll!!':'::: ................. l ..................... :·········t···l·············-·······················································································.,.. 

mm med1an T I mean t max 

..,.. ..,. particle diameter (d) 

Possible Descriptors: 
standard deviation 

•minimum value{d}, maximum value{d} . 

•F{d=10-3}, F{d=10-2}, F{d=10-1}, F{d=10°}, F{d=101}, F{d=102}, F{d=103} 

•d1o• d33, dso• ds7• dgo 
•most common value{d} 

•distribution fonn(e.g., lognonnal) and characteristics <!!' 
.......,......,,.......""'!""..;.(e ..... g;.. .... ' m ....... ea .... n ... a ... n .... d_s,...ta .... nd_a .... rd ....... de .... v ... ia ... ti .... o .... n)................................. ~ ~ '~~SS!~f! h..S 
PRJ 1930.301163487.ppt . 
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Variability of Waste Particle Size 
Populations as a Function of Scale 

-------·· r A . ---------.... ___ _ ...... ~--~-~-~~----· r) _________ __ 
/// /'1''\,, <>--'-

/scale of interest ---- , B ) '"·"" 

I ~ ~~~ 
Go 100% -· 

5j-c = c 
c-<~> 
a>.C ...... .... "' 
Cl> "' ;...!! 

AB [ c '\ 
' I \ 
\ ' \ 

·=~ j 
t' 

.:!oo 
\ :I .. / 

/ 

\ §§: . }C / 
\"'-· ,. "" j/ ../ _...__particle diameter (d) . / 

' 0% t' ,..... 
· .. "-.."- _... ..,.._ standard deviation · // . . 

.......... ......._ at repository scale ,// . at particular tune 

........ 
,,./ 

'-..·-~-.._ mean at repository seal~ .. ...----" ~ 

PR3 1930.301/63467.ppt 
--------- (ft. tll' Golder .. . 

~ :A.ssociates 
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• • 
Uncertain!Y in Specific Population 
of Waste Particle Diameters 

100% 

0% 

r-·~ 
average values m l d l of 
possible populations at 

specific location, scale 
and time 

·--"""---------------..... 
particle diameter (d) 

discrete cases 

infinite cases 

average particle diameter (m (d)) 

Note: could use other descriptors besides average 

PR3 1930.301163<!87 .ppt 

tiJIGolder 
\Zi-/Assoclates 
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Spatial Correlation in Particle Size 
Populations 

p(m{d}J. --~ at another location at a distance ~x from where d = d*, 

m[mfd}JI\x and s[m{d}]t.x 

at random location (x), 

considering both variability and ignorance in m{dl, 

rri[m{d}], and s[m{d}], 

0~~~~~~==~~~ j 
0 

average particle diameter (m{d}) 

s(m{dll,~ .. 4 
! 

s[m{d)], -j 

I 
! 

. + mJmfdllt.x 
. ' . ' 

_.......-------~·-·-··---······-·-.····1 ' 
--~~---- · ~-··· m[m{dllx 

j 

__ __,..,..... ~d* 
independent \ 

s[m{d}]t.x 

m[m{d) ]6• 

i 
i 

0 ..... ·····································································································-···········-·····-·····-······;·
··································--··········+··········-··-·····-·-····· .... 

! · d. • separation distance (8.x) 

0 . autocorrelatwn 1stance 1 ···:.: .. •• 

average; at specific tiT,e and scale , ···"" i::. .:.: .. Gold~ Note: could use other descriptors besides (fl 
~~ 1930.301/63487.ppt 

. ....,. 1\....tiSOCiates 
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• • 
Variability of Waste Particle Size 
Populations as a Function of Scale 

m{d} 
possible range in populations among locations at this scale and time, 2s[m { d}) 

·---..._______ __ 
. ---------·-------· .. __________________ _ 

------------~---------- : 
~-~ : 

;___, ____ ...,. 
scale independent (homogeneous) 

............ 
0~-!------ ·----a-u_t_o-co-r-re-la-tl-:o-n -di~t~nce tv c scale (v) 

slm{d}l 

s{dJR 

~-----------.._ __ ......, _________ _ 
______ _:_::===·=··=· ------ _____ , _____ ..,.. 

0--r--- scale (v) 
0 ' ( ;-·:~:;:'· '· 

\ , .. >.~ <i'Golder :Associates 
PRJ 1930.301163487.ppt 
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V ariabilicy+ Ignorance Description 
of Particle Diameter Populations 

p[f{d}v1 at random areal location, but at specified 

vertical location, time (t) and scale (v), e.g., 

p[m{d}R,s{d}R] determined from: 

p[d]R for random particle at that vertical location in 

repository at timet, e.g., m[dJ.{ & s[dJ.{ 
variability + ignorance 1;,~;·\ 

1 /~<11' 
\ / 

p[s{d}R/s[d]R] and p(s{d}8/s[d]8] for population in ' 

repository and in small volumes, respectively, at timet 
variability vs. ignorance 

p[v cl' critical scale=f{autocorrelation distance} 

----~--------~----------<flt~ssl.~.,;~~r~ s 
PR3 1930.301/63487.pp1 
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• • 
Effects of Processes on Particle 
Size Population 

• Pervasive reduction 
• • corrosion 

• biodegradation 

• dissolution 

• Selective reduction 

• crushing 

• fragmentation 

• ·Aggregation 

• •. consolidation/encapsulation 

/ 
I 

...................... • ...... p ..... r ...... ec ...... ip ..... i-ta_t_io_n ..... /c ..... e .......... men ..... t_a,...,.ti ..... on ___ ct,~ssocldf!~-.n.s 
PR3 1930.301163487.ppt 
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Example - Initial Distribution 

Change in Size Distribution 

1 
9 0.9 

t:' o.a 
" ., 07 g. 0.6 
~ ..... 

0.5 ., 
"' 
~ 0.4 

0.3 E 
"' 0.2 u 

0.1 

0 
0 5 10 15 

Size 

PR3 1930.301163487.ppl 

• • • 



 

 Information Only 

• • • 
Example - Pervasive Reduction 

Change In Size Distribution 

1 

09 

(;> 0.8 
c ., 07 
:::> 
if 0.6 
~ .... 

0.5 ... 
,!! 

0.4 16 
:; 

0.3 E 
:::> 0.2 u 

01 

0 
0 5 10 15 

Size 
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Example - Selected Reduction 

Change in Size Distribution 

1 

0.9 

(;' 0.6 
c 

"' 07 

~ 0.6 -.... 0.5 
"' ~ 0.4 

4 :; 
3 E 0.3 

" 0.2 6 u 
0.1 

0 
0 5 10 15 

Size 

PR3 1930.301163487.ppl 
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Example - Aggregation 

1 

0.9 

tl' 0.6 

~ 0.7 

&r 0.6 
~ .... 0.5 ., 
t 0.4 

E 0.3 
::J 0.2 u 

0.1 

0 

PR3 1930.301163487.ppt 
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Influence Diagram for Particle 
Size Distributton 

particle size 

distribution at 
scale v allocation 

x and timet 

_/ 
/'.,._ _____ ""· 

.-- ~. 

[

initial particle 'size I 
distribution at scale 

v allocation x 

~-------,.-----'· 

initial wasta 
inventory at 

location x 

'·. 
---------·-·"'------. 
degradation/aggregation 

processes allocation x 
through lime I 

/ 

mechanical 
crushing/ 

compaction• 

erosion/tensile 
failure at drill bfl 

penetration• 

dissolution/precipitation/ 

cementation by MgO, 

salt, & corrosion 

·~----'p_ro_d_u_ct_s_• ~·~ 

microbial 

creep closure• ....................................................... .. previous 
intrusions 

.................................... 
·- ... _ 

NOTE: • allocation x through lime I 

Note: brine inflow implies brine volume, 

and gas generation ime~ies gas pressure 

PR3 1930.301163487.ppt 
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··---. 

gas generation• 1----------' 
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• • 
Materials (1 of 6) 

• 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. 

• aluminum-base metal/alloys 

• includes aluminum or aluminum-base alloys in waste materials; mixed 

throughout repository. 

• other metal/alloys 

• includes all other metals found in waste materials, e.g., copper, lead, 

zirconium, tantalum, lead portion of lead rubber 'glove/aprons, etc.; 

mixed throughout repository; lead packaging is considered separately. 

• 
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Materials (2 of 6). 
• other inorganic materials 

• includes inorganic non-metal waste materials, e.g., concrete, glass, 
firebrick, ceramics, graphite, sand, and inorganic 
sorbents; mixed throughout repository. 

• 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. 

PRJ 1930.301/63487.ppl 

• • • 
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• • 
Materials (3 of 6) 

• cellulosics 
• includes materials generally derived from high polymer plant carbo

hydrates, e.g., paper, cardboard, kimwipes, wood, cellophane, cloth, etc.; 

mixed throughout repository 

• rubber 
• includes natural or manmade elastic latex materials, e.g., Hypalon, 

neoprene, surgeons' gloves, rubber part of leaded-rubber gloves, etc.; 

mixed throughout repository 

• plastics 
• includes generally manmade materials, often derived from petroleum 

feedstock, e.g., polyethylene, polyvinylchloride, Lucite, Teflon, etc.; plastic 

packaging is considered separately; mixed throughout repository. 

PRJ 1930.301/63487 .ppt 
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Materials ( 4 of 6) 

• 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. 

• solidified organic ntaterial 
• includes cemented organic resins, s?lidified organic liquids, and 

sludges; in 7-packs. 

(
~, 

~?'!t \.l 
..... ~ .' 

~. / 

PR3 1930.301163467 .ppl 
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• • 
Materials ( 5 of 6) 

• cement (solidified) 

• includes cement used in solidifying liquids, particulates, and sludges; 

mixed throughout repository. 

• soils 
• includes generally naturally occurring soils contaminated with 

inorganic radioactive waste materials; in 7-packs. 

• steel packaging 
• include containers (e.g., drums, boxes, etc.); in all drums; steel in 

waste and steel plug packaging are considered separately. 

• plastics packaging 
• in all drums; plastics in waste are considered separately 

PR3 1930.301163487.pp1 
<'I Golder 

:A-.ctsociates 
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Materials (6 of6) 

• lead packaging 
~ includes lead shielding in a RH-TRU canister; located in room walls; 

lead in waste is considered separately. 

• steelplug 
• located in room walls; steel in waste and steel non-plug packaging are 

considered separately. 

• MgO backfill 
• includes pellets, primarily on top and sides of waste room. 

• Salt 
• fragments from roof, primarily near the roof 

• • • 
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• • 
Initial Material Properties 

Material 

iron-base metal/alloys 

alum inurn -base metal/alloys 

other metal/alloys 

other inorganic materials 

vitrified 
cellulosics 
rubber 
plastics 
solidified inorganic materials 

solidified organic material 

cern ent (solidi[ied) 

soils 
steel packaging 

plastics packaging 

lead packaging 

steel plug 
M gO backfill 

sa\\ 

Expected Amount 

(o/o Total W tin 

I 2. 6 
1.3 
5.6 
2.4 
4.0 
4.0 
0.7 
2.5 
4.0 
0.4 
3.7 
3.2 
I 1.4 
I . 9 
1.4 
6.5 
3 4.5 
Note 

B ep oJjJo ry) 
Location 

throughout 
throughout 
throughout 
throughout 
in 7-packs 
throughout 
throughout 
throughou I 
in 7-packs 
in 7-packs 
througl>out 
in 7-packs 
all drums 
all drums 
w ilh R H in room wails 

with RH in room walls 

top and sides or room 

too of room 

Note: Salt fragments have been assessed to comprise about 2% ofthe original 

volume of each waste room. Also, amounts of each material will vary among 

locations as a function of scale, and will not be average 

except at large scale. 
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Possible Degradation Processes 

• Corrosion of iron-base.and aluminum-base 
materials due to brine inflow- pervasive 
reduction ofF{d} with some particulate 
byproducts 

• Biodegradation of organic materials, affected 
by brine inflow - pervasive reduction ofF {d} 
without particulate byproducts 

• Dissolution of soluble materials due to brine 
inflow- pervasive reduction ofF{d} with some 

-:.::JJ c.: ~-.-.- Golder particulate byproducts (~.-.,. 
PR3 1930301163487.ppt """"'" 1\...4tSt>C:i.a.teS 
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• • • 
Possible Degradation Processes 

• Crushing of friable materials due to room closure

selective reduction ofF { d}; =initial conditions 

• Compaction of all materials due to room closure -

insignificant effect on F {d}, except salt may flow and 

encapsulate all materials 

• Precipitation of dissolved materials/corrosion 

products- pervasive aggregation/cementation of all 

materials (in addition to particulates) 

• Fragmentation due to tensile failure- insignificant 

effect on F{d} (i.e., particles are not weak), except 

for possibly cellulosics .G lder 
.. 0 • 

PRJ 1930.301/63487.pp1 -... 1\.ssoci.ates 
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Chemical Processes 

2C + 2H20 = CH4 + C02 

Fe+ 2H20 = Fe(OH)2 + H2 

MgO + C02 = MgC03 

MgO + H 20 = Mg(OH)2 

Fe(OH)2 + C02 = FeC03 + H20 

Mg(OH)2 + C02 = MgC03 + H 20 

dissolution of MgO is probably faster than corrosion of Fe 

biodegradation produces C02 

H20 contains dissolved NaCI, which precipit~.!~s 

. c!IGoldcr 
PR3 1930.301163487.ppl 
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• • 
Predicted Extent of Processes 

·~ 

cru;hit1!ifcorrp1Ciion 
COITOSIC!l 

bio-<kgradat.icn 
dissolution 
cerrentat:ion 
fi"agrrentatioo 

Predicted Extent as Function of11me 

(see note 1) 

fmn room' closure 
from trine vollllle&dissoh.d.ion 

fum trine vollll"lle 
fmn trine vollll"lle & corrosion 

frcru CC>ITffilOO, dissolutioo, pecipitatioo 

during Sflllling'intrusioo 

Variability in 
Hcpoaitory 

(seenote2) 
(seenote2) 
(seenote2) 
(seenote2) 
(seenote2) 
(seenote2) 

Note 1: Predicted extent of processes to be provided by 

performance assessment (e.g., BRAGFLO). 

Note 2: Insignificant variability among rooms prior to intrusion. 

However, significant variability at barrel scale in all processes. 

~~--------------------~=~~ssoocl_d,f~~s PR3 1930.301/63487.ppl 
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Effects of Processes on Materials 
Material corrosion 

J 
./ 

bio-degradation 

iron-base metal/alloys 

alum inurn-base metal/alloys 

·other metal/alloys 

other inorganic materials 

vitrified 
cellulosics 
rubber 
plastics 
solidified inorganic materials 

solidified organic material 

cement (solidified) 

soils 
steel packaging 
plastics packaging 

lead packaging 

steel plug 
MgO backfill 

salt 

./ 

Note: salt encapsulation and cementation 

will affect aggregation of all materials, and 

fr!)gmentatiop mjgJll af!ect cellplo~iss 
PR3 1930.301163487.ppl 

• • 

././ 
./ 
./ 

././ 

./ 

dissolution 

./ 

type 

1 
1 
2 
2 
2 
4 
5 
s 
2 
4 
2 
2 
1 
5 
2 
1 
6 
3 
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• • 
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/inorganiclvitrifledlsoils/cementsl 

solidified inorganics - solid inorganic particulates (5micron) to 

vitrified drum size (0.2tm3), 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 (l micron) to half roomsize slab 2m thick (1 000m3), 

independent on room scale but mostly at top of room, dominated 

by variability (not ignorance); crushing/plastic flow/~~-~paction of 

roof fall p. articles included in initial particle sizes ~ 
~ e:. .::~·Golder 

PR3 1930.301163487.ppl 
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Material Groups - Initial 
Conditions and Processes 

4. cellulosics/solidified organics- solidified organic particles 

(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 (lee) 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, uni.form 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) 

c§1Golder 
'""'pR .... 3 .... 1930 ..... 30 .... 116348"""""!'7.-pp1 ....................................................... -... ............................ '"""""'"" :A..41sodates 
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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 0/o 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 -~-~biased ~\'! 

estimate • · ~·· 
~ ~:c ~-::Golder 

PRJ 1930.301/63487.ppt 
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Initial Particle Size Population -
1. Fe&Al-Base Metals 
lmaie.rial····rsize (m3)1Number Tcdt························ Tccdi··· 
iwaste ! 2.5E-071 4000000! 0.028398! 0.971602! 

~-~·~~t~:::::····::::::·.r:::9.999991:t::f.$.9g!9?1:::901.~4~$.?.I::::a·.:~$$59~:l 
\waste ............ L 9:99QQJ.j~:?9~~QT1 9:?~~~?~.!9:?.§1§~?.! lwasie : o.ooo1 ~ 3.5oE+o7: o.986844i o.o13156i 
?················ .. ················· ···t········ .. ··························· ·---~---··········-------------................ E'''''"'''''''''••••·······--·-···········:········· ································: 

\waste : 0.001j1.10E+06i 0.994653\0.005347\ 

!.~·f-~i!!·:·:.:.:.::::.:.::.::c:.:.:.:::.:·:·9:.9a4$·l::::: .. ::t~9999] .. 9..$.g$.~:~.$:·::::·9:9991.$4:· 
iSWB ! 0.05\ 4460i 0.999868\ 0.000132\ 

isws or t ·· · · o.o67T 446ar·a.999899T a.oaa1o11 
:canisie·r· r· o.o83i .... '7160T . (i99995T 5.ri4E~05i 
!plugs···· .·.·· r·· .... o. 3581.. .. ···71 oar· w··-·-·····1I .... ·.1.11E:16: 

l : :·:·. :: ~:.::::::::::::::: :r::::::: :::::::::: ·:·.::::::·::::·:···.·.:r·.:::.: : -~:·: · ·::::·:·:·:·:r · .. ::::::::.::·::. ······ ···· ··· ::::·:: :::·.:::: ·· ····· ··· · ········:::· ·:::: 
: isum = 1 1.41E+08i ' i 

r.·.·.·.······:_ .... :···.·:·.·:.·.·.·.· H9.t~.i.·.·.\Y.·~·t·~.·.·.·.I·.?.~E?·~.$?9.1·.·.~·::·.· .. :···.:·.·.·.·.··.:·.·.:·.············· ··1·::·.···· .. ·.·.·.·.·.·.·.:·.·.·.·.:·.·.:·.··.·.·.·.····.·.·.·.·.! 

----~--------------------cflt~ss0l~f!~s PR3 1930.301163487.ppl . 
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... 
c 
0 
0 

• • 
Initial Particle Size Population -
1. Fe&Al-Base Metals 

0.1 -----· --------
------ ....---------- ---- 1--l--· ---· 

0.01 ----+------1 --·- ·-·-·-· - ·---··· ------1--+--

0.001 --1---~---- --·-·· ···--- --·--· -~-;----

0.0001 

. ~ .. 
---1-- --- .... -··-· ··-·-·· --·· ··-·······-!--+---'-..-. ·--···-· 

0.00001 
--·· -· --1--

0.000001 l_____L _ _L_ _ _l_~.J___L____t
 _ _L_-1------l 

1E-09 1E·08 1E-07 1E·06 1E·05 0.0001 0.001 0.01 0.1 1 

volume (m3) 

• Iron & -Aluminum 

_._Large Size portion of Power Law Fit 

-6-SmaU Size Pol\ion ot PoiNer law Fll 

1-F{v} = {l.OE-6/v(m3)}A0.88 forv>JOA-6 ~ 

= U ,OE-2l>'£m3)YII.IIlli!J liln:> W-D- ®l#Golder 
PR3 1930.301163487.pp1 
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Initial Particle Size Population -
2. Other Metals/Soils/etc. 

Material Mass Oensit~ · Size units Size (m3~ Number cdf ccdf 

inorganic nonmeta - <10 1.00E+04 2.5 5 miaun 1.25E-16 3.2E+16 0.868566 0.131434 

Pb - particulale gloves 1.56E+06 11.3 1.00E+02 rriaon 1E-12 1.38E+14 0.872313 0.127687 

inorganic nonmeta - <212 1.50E+05 2.5 100 micron 1E-12 6E+13 0.873941 0.126059 

soils 7.42E+06 2.2 0.1 mm 1E-12 3.37E+15 0.965486 £1.034514 

solidified inorganics 9.25E+06 1.3 0.2mm 8E-12 8.89E+14 0.989628 0.010372 

cerrent 8.56E+06 2.8 0.2mm 8E-12 3.82E+14 1 1.6E-09 

inorganic nonmetal - intenne 9.80E+05 2.5 2cm 0.000008 49000000 1 2.74E-10 

inorganic nonmeta - coarse 4.54E+06 2.5 213 cc 0.000213 8525822 1 4.27E-11 

other alloys - crucible 2.60E+06 8 2.3 kg O.CXJ0288 1130435 1 1.2E-11 

Pb bricks 3.64E+06 11.3 0.001 m3 0.001 322123.9 1 3.27E-12 

Pb4'x2' 5.20E+06 11.3 0.005 m3 0.005 92035.4 1 7.75E-13 

lead RH packaging 3.24E+06 11.3 0,037 m3 0.037 7749.342 1 5.65E-13 

vitrified 9.30E+06 3 0.53m 0.148877 20822.56 1 0 

total 5.65E+07 3.66E+16 

PRJ 1930.301/63487.ppt . 
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Initial Particle Size Population -
2. Other Metals/Soils/etc. _ 
~~--~--~---

-~--~--~---
-~--~--~ 

": ~K~ _-.=~ .•.. =- - =~ ••.• 
. 

-....... 

___ f'.,,~--1--

---t---.......-......~-..:r---t------ --------------1--

~f'--. 

.._ 1E-06 ---- · ------1-------
-t-~- ----- -----------1---

§ tE-07 --- ----t----1--~~c;::--------t- -----1-- I -------

~ 

O.CXXl1 -----

1E-06 ---

---1-------- -----

--- - -------

. ~ 

-1----+-----: -_: -- --- -~. - --~~-=~ 
1E-00 ---

1E-00 -----

1E-10 -------- -

-- ----] • Raw Dara 

1--sen:~-

---~-~-- ~~- . ~~-~ 
----- --~ . 

'--; 
1E-13 t__ _ _L_ __ __L __ L.-__ ___l_ _ _L _ ____JL--~'--

---' 

1E-11 ------------

1E-12 ------- --· ------------t---

1E-16 tE-14 1E-12 1E-10 O.CXXXXJ001 0.000001 0.0001 o.m 

volume (m3) 

_1 _..,-_F.;;...{ v~}_=.....;{~t ...... E ...... -1 ...... 6 ...... /v.....-;( ....... m_3 ...... ) }_A_o._s_s~ <fJC}ossocl<!f!j._s 
PRJ 1930.301/63487.ppt 
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Initial Particle Size Population -
3. Salt 

range of 10"-18 m3 to 10"3 m3, 

with mean of 10"-5 m3 

• 

(~) 
\. ..il\ 

-. ··" 
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... 
0 
u 
u 

• • 
Initial Particle Size Population -
3. Salt 

0.1 

0.001 

1 E-05 

1 E'07 

1 E-09 

1 E -11 

1 E-13 

1 E -15 

1E-17 

----- -~---',.,____+--- t----t ~-----+----t----1 

"'t'-- ' 
-~~--- -~' -- ··--j----r----

------ ------+----"k---- ~~~.- ---t-----j---1
 

---t----~ .. ~" . ~ . -----1-- ---~----
. - ---··· ------ ---- - ----~-~-t---------1------~ 

------- -- -- -- ~- . ~~~-~~:__ ~ ----"'~k----. -~-~---=~~ 
' "' 

I~ 
' -- -- .. ~---1-------------

1 E-19 ---- ~t- ---ts 
1 E-21 __ t__ __ L__....-J. __ __L __ __,___,__ _ _._ __ _,___~ 

----- - --~~-~-

1 E-18 1E-15 1E-12 1E-09 0.000001 0.001 1 1000 

Size (m3
) 

1- F{v} = {1E-18/v(m3)}"1.00 
PR3 1930 301/63487.ppt 
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Initial Particle Size Population -
4. Cellulosics/Solidified Organics 

Nblerlal 

s::liclia:l ag:rics (1970-1~) 

s::lidia:l ag:rics (1!8>-) 
I<JITWpes 
sm~filtas 

20Til12'x12' l1gS 

10Til10'x12'caclxadcata-s 
1-H'A filtas 
wxxl fraTes fer filters 
1.fn2 o:>.ealsb:x:ties 
1-H'Afiltas 
wxxl ~a 1 es fer filtas 
2x4'~4'' py.MXXI 

PR3 1930.301/634B7.ppl 

• 

IT8SS% vdum(ITG) densityeqvdan• (c Sze(m3) 1\UTber af cal 

5% 
1CJ'/o 
15% 
1CJ'/o 
15% 
1CJ'/o 
1CJ'/o 
15% 
5% 
5% 

100% 

9D 20 0.0 1.tx£.11 9.!lE+13 O.!mm 5.3E-OO 

172 20 1.0 O.!XXXXJ1 1.72E+<B O.OCWE 3.ffiE.OO 

512 
1024 

1537 
1024 . 

1537 
1024 
1024 
1537 
512 
512 

0.9 
09 
0.9 

09 
0.9 
0.9 
0.9 
0.9 
09 
0.9 

1.3 o.CXXXXT2 2~ o.ooxro 9.3flE.07 

3.0 o.CXXXJZi' 3.~ o.ro:o::e 5.48E-07 

3.6 4.7tEa5 3.27807 1 214607 

4.5 9.1CEOO 1.1:E+07 1 9.94&00 

6.6 2fffi.04 5.3Bffi 1 4.53E:OO 

7.3 3.fffi.04 263EI05 1 1.ffiE.OO 

9.1 7.&E-04 1.37Et00 1 4.58E:OO 

16.5 4.fi£.03 3.41BOO 1 1.<l£.00 

1a.s 6.XE-ro a 13804 1 2616-10 

Zl.O · 0.02 25511.11 1 0 

9.22Et00 10044.4444 st.m= 9.8E+13 

<'IGoldp: 
~soci.ates 
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Initial Particle Size Population -
4. Cellulosics/Solidified Organics 

0.1 ____:.k----------1-----~-- ---~~· -- ----- ~~-- --

0.01 --J--_c·~·t----t--· -- --1--l------1--+---1--

0.001 ---1--- ---'-.1'----1--1--------1--+-----~---

0.0001 --t---11---~-~
--1--+- t---~ - -· ~--

D IE-05 ~--'---1-----
-J~ --1------J--1-----1---

8 
IE-06 ·::-
1E-07 --·---- ---j----'-.-'>•'"k--1--t--·------

IE-08 ----~~-~---·---- -~----- --

\ . 

IE-09 ·· --·--- --f----1--~j'~f .-. ·- ---· 

!.DOE- 1.0QE- 1.0DE· !.ODE· !.ODE· !.DOE· t.OOE·. !.DOE· !.DOE· 1.0DE· 1.00E· 1.DOE+ 

11 10 09 08 07 06 05 04 03 02 01 00 

Volume (m'J 

1- F{v} = {1E-ll/v(m3)}"1.05 

could use sep_.!rate ~escrietion for e-ll to e-6, 

PR3 1930.301163487.ppt 
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Initial Particle Size Population -
5. Plastics/Rubbers 

, ..................................................................................................................................................... , ............
............................................................ '!...................... ................. ..... . .......... .. 

!l'vbterial )Size (m3) ll'llmber )Density \Weight (kg);cdf ... !cCCif.. I 
!t-EPA Filter ri~ ! 0.000001) 1000000! 1.14\ 1140\ 0.022071! 0.977929i 
~.... ............................................ . ......................... ! ............................... ·•--:-··········"'''''''''''''''"'''"'l .......

........................... ,, ................. ·•·•··•···•·•••••••• .................................. : ................................
.. ; 

!smaller peces i 0.00001! 14600000! 1! 146000! 0.344303\ 0.655697\ 

i9'9.~··········· .................... -~-·-···-··I•••••••··~··9.@i•I~I99i.f.~L:·.~·-·:_1j.~l•••-••-•••····~·~~······9·~;g~l••-•9.~4i4
1 

l!~g~~ ~ I ~!1~1¥~J::= ~~I ~
1

~11 !!1!!!! 
~--·······-···""''' .................................................... +-············ .. ·················--}···•"•"'"'"'"''''''"'"'"'''"'"""""'"'"'"''"""""~'""'""''""'"'"""'"'"•""' .................................................................... J 

! Pb gloves i 0.001! 1.00E+OO! 1.14! 1140000j 0.9543141 0.045686! 
; ...............................................................

............ 't''"'"''"'''""''''''"""''''i"'''".·"'"'""
''''""''"'~··t·· ................................. : ...........

........ >O._., .... - ..... ~ ................................... ~ ...............
.................... ,: 

[I~~~ ~9~ ......................................... ) ............... 9:99.1\ ... 1:~~~L ............................ ~.L ....... 1~t .. 9.:~~?.;3?! .... 9:91.~1 
!~ron I 0.004\ 10000! 1.14( 45600l 0.986758( 0.0132421 

~~if f!?.p~··'~iji "-~-·~····· .. :~.1·,·:.·:::9:~?JI:~:.· .. ~I·~~: .. :.~·-··· .. ~-.. il·.·~·····462cxool·.·.~-~-··· .. -~ ... 11:· ......................... 9.i 

:.... ....... ........ .... ...................... ! .............................. L.... ................. L... ... . J .. J911?4~?L ... . ..... J.. . .. ........ J 

(,Golder 
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Initial Particle Size Population -
5. Plastics/Rubbers 

1

~~~--~~-~-~-~~~-~-t-~-~-~~11~~-~-~-*-~~mm 1..: - - - --i--t-t-tt-t----1 . -+-
: ·--· _-_ ~- ~.---_- __ · _· __ --_- - ·-- -- -· .. ---- --+---1- -· -

H~----1- - ····-- · -- - 1--1--- · . 
~----. 

··- ---
. 

----- .. 

~ 
0 0.1 
0 

[ 

.. i. D~la -

- - • .. Large Parlicles. 

• • - • Small Particles 

1----
.. -- -- - ---- -- .. .. -· . - -- -

1----

. ·- - -r---- --
~- ---- . . ·---- --- - -- .. 

• . --1-f-- --
. 

-- ---- -- - - . --1- --. . . r------ . ____., :--- ----- -(- -- -· -

--- ---- -- ·- ·- ++++--+-1- . -- . ·--- -r-- - - .. 

0. 01 l---__j__J__l..LLU4--.l__L.L
Ll..LJ.4--____l-----l.--'---

l....LL-L.4-----L~~~ 

0 000001 0.00001 0.0001 0.001 0.01 

Size (m 3
) 

t- F{v} = {6E-5/v(m3)}"1.15 forv>l0"-4 ~ 

------~{l~E~-~6/~v(~m•3~)}_"_0._12_4_fu_r_v_<~l0_"_-4-=-~ll~ssotlldC£!~-s 
PR3 1930.301/63487.ppl . 

\D ..&;S.l! UU.:: 

• 



 

 Information Only 

Initial Particle Size Population -
6. MgO Backfill 

constant f{v} =1 OE-9 ( m3) 

.............,.............., ........................ ......,._.,............,........,_ ............. _.."""""""" <'1-~ssoocld,f!b..s . 
PR3 1930.301/6341!7.ppl 
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Modeled Degradation Processes (1 
of2) 

• Corrosion 
1. Fe and AI base metals 

• Biodegradation 
4. Cellulosics and Solidified Organics 

5. Rubber and Plastics 

• Dissolution 
6. MgO Backfill 

---------------------------~~~So{~~.,f._r~ s 
PR3 i930.301163487.ppt ~ .T"--~ 
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• • • 
Modeled Degradation Processes (2 
of2) 

• Cementation 
all materials 

• Encapsulation 
all materials 

• Fragmentation 
possibly cellulosics 

Note: extent of a process is 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 

·~·-~·~·~ c;\~ 
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• • 
Corrosion 

• P A will predict extent of corrosion (0/o of material 

remaining) as function of time, based on brine 

inflow and competition with MgO dissolution 

• It is assumed that: 

• 

• uniform corrosion occurs, i.e., ~r 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 

• Change in particle size distribution is fully 

determined by extent of /--,, 
\ t\ \ \ 

corrosion and byproducts ~·~ / ~ 

~~~~------~----~-----~~~ssl.d~,,;~~~-s 
PR3 1930301/63487.pp1 
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Precipitation 
1 00% ............................................................ -~.:~:.:.:.:

:..:.: .. ~,.._ 
___...------·· ---- ; 

-------·--- ____ ... -- : 

----\ --
-\- ----

- \~ MgO or corrosion 

salt 

"l - 90% c 
IU 

e 75% Cl.l 
Col -~ .:: -Cl.l -~ -·-c. ·-Col 

Cl.l 

'"' c. 
~ 

0% 
0 

1 

precipitate volume/total pore volume 

Note: precipitates either form particulates or cement ~ 

'"""'!'"'"'~~-------.................... · .................. {D'Golder 
PR3 1930.301/63487.ppl 
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• • 
Biodegradation 

• P+ will predict extent of biodegradation(% of 

material remaining) as function of time, based 
I . . 

on the amount of brine in the room 

• It/is assumed that 

• 
1 

uniform biodegradation occurs, i.e., ~r is same for 

I all particles 
...... ~- ... 

• i there are no particulate byproducts · /\t~) 

• Change in particle size distribution is fully ·· 

determined by extent of biodegradation 

~~~--~--~~------==---=- ~~ssoll_.,dcf!~s 
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Dissolution 
• P A will predict extent of MgO dissolution (0/o of 

material remaining) as function of time, based on 

brine inflow and competition with corrosion 

• It is assumed that: 

• uniform dissolution occurs, i.e., ~r 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 /. _" 

• Change in particle size distribution is fully ( ~"*) 
determined by extent of . ~ 

d. J ... +; d bvprndu"ts {fjlGo1der 
X .. ~ISS(LlUdUP an_ -lf"'-~-N--e-h-llil .... - ., I; • 
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• 
Cementation 

• It is 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 

• Change in particle size distribution is fully 

determined by amount of corrosion, MgO 

dissolution, and salt precipitation, and portion of 

non-particulate byproducts /---,, 
' ~~\) 

~~~ ........... -------· <tJ,~sl~f!n..s 
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Cementation 

particle sizes 

range prior to 

cementation 

....................................... _. ....................................................... ~-·-······························-····· ............................................. . 

0 40%* cement volume/pore volume 

Note:. example for precementation porosity of 25% 

PR3 1930.301163487.ppl 

• • • 



 

 Information Only 

• • 
Encapsulation 

• P A will predict room closure as function of time, 

considering stiffness of waste (as well as gas 

pressure, etc.) 

• It is assumed that 

• salt intrusion front = room closure without waste 

• all particle sizes are equally likely to be encapsulated 

• encapsulation produces a large (>10m3) particle 

• Change in particle size distribution is fully 

determined by total volume encapsulated 

•~ 'on~'-""~~} cg,t~~ 
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Decomposition Model Schematic 

F{d4}o 

Key: 

PA Input 

Particle Input 

[ Calculation ) 

f Output f 
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Prediction of Particle Size- One 
Material and One Process 
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Prediction of Particle Size- One 
~ Material and Multiple Processes 
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Prediction of Particle Size - Multiple 
Material and Processes 
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LEIF G. ERIKSSON, P.G. 
3080 Pillement Place, Alpbaretta, 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 (19&7 -present); 
• 36+ years of international professional experience in earth-sciences and project management; 

• 30+ years of international experience in marketing and managing a broad range of multi
disciplinary, state-of-the-an 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, multi-disciplinary, state-
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 University, Sweden (obtained concurrent with full. 
time work) / . 

1960 B. Sc., Civil Engineering, Stockholm Technical High School, Sweden i "l• 
Postgraduate Coones: 

1996 The Resource Conservation and Recovery Act, McCoy and Associates., Inc. 
1990 Code of Federal Regulations, Title 29, Part J910.120(e) Hazardous Waste Site 

Jrrvestigations and Site Supervisor's Health and Safety Training, Golder Associates Inc. 
1988 Contracts, The Engineers Joint Contract Documents Committee (EJCDC) 
1973 Soil Mechanics, The Royal Institute of Technology, Stockholm, Sweden 
1970 Advanced Concrete Technology, The Swedish Cement and Concrete Institute at the Royal 

Institute ofTechnology, Stockholm, Sweden 

ANNOTATED EMPLOYMENT HISTORY AND MAIN RESPONSmiLITIES 

1993- Advanced Sciences, Inc., (ASI) Carlsbad, New Mexico, USA. 

Deputy Project Manager and Manager of Regulatory Compliance, Research, and International 
Programs for the Technical Assistance Contractor (CT AC) to the U.S. Department of Energy 
(USDOE) Carlsbad Area Office (CAO). Serves as the CAO 's focal point for international outreach. 
ASI is the prime CT AC contractor supporting 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 oftransuranic radioactive waste (TRUW) stored or 

to be generated through 2033 at ten large- and IS small-quantity TRUW generator/storage sites in 
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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+ CT AC employees and annual budgets of up to 18 million dollars during 

the detailed site characterization, preliminary design, construction and maintenance, safety and 

perfotmance 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. 
~-

1991 - 1993 AB Ingenjongeologi (ABI) Inc., Alpharetta, Georgia, USA.. (ItA 
' ' 

• 

~-

President of family-owned small-business corporation. Served as either independent consultant or 

temporary employee on the following select assignments/contracts: 

1993 

1992-93 

1992-93 

1992 

1991-92 

Consultant to Advanced Sciences Inc. (ASI), Albuquerque, New Mexico, on 

USDOE's WIPP project supporting experimental and mixed-TRUW integration 

activities, and interactions with regulators, oversight organizations, and stakeholders. -

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 contro~ facility and systems engineering and safety; conduct 

of operations; and environmental protection and compliance assessment. 

Consultant to the International Atomic Energy Agency (IAEA), Vienna, Austria, 

reviewing six top-level IAEA series No. Ill Radioactive Waste Safety Series 

Standards (RADWASS) documents- A Series of International Consensus Documents 

on the Safe Management and Disposal ofRadioactive Waste. 

Nuclear Engineer Level P-5 with the Division of Nuclear Fuel Cyde aud Waste 

Management -Waste Management Section of the IAEA. Vienna, Austria. 

Designated IAEA point of contact with the government ofUkraine for the 

International Competition on the Long-Term Isolation and Environmental Restoration 

of Unit 4 at the Chemobyl 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 adeqwwy 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. 

Senior Staff Officer with tbe 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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1987- 1991 

1988-91 

1990 

1987-88 

1986-1987 

LEIF G. ERIKSSON, P.G. 
3080 Pillement Place, Alpharetta, Georgia 30202, USA 

(770) 642-6222 

Golder Associates Inc., Richland, Washington (then Atlanta, Georgia), USA. 

Associate and Manager of Special Projects and Principal Rildioactive 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. 

Principal Investigator for an Independent Site Suitability Assessment of the Yucca 

Mountain candidate spent nuclear fuel and other high-level radioactive waste (HL W) 

repository site based on fully integrated stochastic models in support of the USDOE' s 

Office of Civilian Radioactive Waste Management (OCRWM) Program. Identified 

and reviewed applicable laws, regulations, and USDOE documents, and developed 

draft site-suitability determination criteria. 
Manager of Golder Associates Inc. 's Richland Branch Office and Deputy Project 

Manager and Task Manager for~ four-year, 18.2·million dollar, Basalt Waste 

Isolation Project (BWIP) Geotechnical Suppon Services contract in suppon of the 

development of a deep geological repository for safe disposal ofHLW 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+ sta£t: 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. 

Shannon & Wilson, Inc., Seattle, Washington, USA. 

Senior Associate and Manager of Nuclear Waste Services and Leader of the Railroad Services 

Group. Marketed, managed, and technically supponed 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 Cljina); 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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LEIF G. ERIKSSON, P.G. 
3080 PiiJement Place, Alpharetta. Georgia 30:ZO:Z, USA 

(770) 64l-6:Z:Z:Z 

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 Ill at Lawrence Berkeley Laboratory (LBL), University of 

California, Berkeley, California, USA. Developed siting guidelines and conceptual 

design for a deep underground HL W 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 (NSTF). The NSTF was 

developed to qualify basalt as a potential host rock for a geologic HL W repository. 

1978 - 79 Senior Engineer and Member of the Advanced Technology Group of Dames & 

Moore (D&M) London, Uriited 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 partially 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 

witness testimony in suppon 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 

transponation in Africa, Asia, and Europe. Lead Geological Engineer for R&D in suppon 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-African projects. 

1%3- 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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LEIF G. ERIKSSON, P.G. 
3080 Pillement J>lace, Alpharetta, Georgia 30101, USA 

(770) 641-6111 

SELECT EXTRACURRICULAR PROFESSIONAL ACCOM:rLISHMENTS 

• 

• 

• 

• 

• 

• 

• 

Registered Professional Geologist in the State of North Carolina, 1986 - present 

(Registration numbet 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 oflong-lived radioactive 

wastes, i.e., TRUW and ID..W, in deep geologic repositories. Four reports submitted to date 

(1986, 1988, 1990, and 1996). 
Member, Miscellaneous Program Advisory Committees: 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 EngineetS' 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 (SED£) for 

Radioactive Waste Repositories, Organisation for Economic Co-opetation and Development/ 

Nuclear Enetgy Agency (OECDINEA), Paris, France (1990-1991). 

Member, Steering Committee for the National Academy of Sciences' "Colloquium on Quality 

Assurance (QA) Aspects of Geotechnical Practices for UndetgrOUDd Radioactive Waste 

Repositories," Washington, District ofCo1umbia, USA (1988) . 
Member, Deep Underground Space Committee of the Undetground Technology Research 

Council, USA ( 1978-1982). 
Member, Geological Society (Geologis/w Foreningen), Stockholm, Sweden (1972-1980) . 

Additional information and references available upon request. 
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LEIF G. ERIKSSON, P.G. 
3080 PiUement Place, Alpharetta, Georgia 30202, USA 

(770) 642-6222 

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 '96 International Topical Meeting on Nuclear 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 ofLong-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 Iriternational Conference on High 

Level Radioactive Waste Management, Las Vegas, Nevada, Aprii29-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 Atomic Energy's Seminar on the 

Requirements for Safe Management ofRadioactive 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 Ftfth International Conference on Radioactive Waste Management • 

and Environmental Remediation, Berlin, Germany, September 3-8, 1995. 

Eriksson, L.G., 1991. "Comments on tbe 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 HL W Disposal Criteria, Crystal City, Vrrginia, 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. 
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 IAEG (Third Report). 

Eriksson, L.G., and Pentz, D.L., 1990. "Natural System Issues in the OCRWM Program." 

Proceedings of the First International High-Level Radioactive Waste Managc:ment 

Conference and Exposition, Las Vegas, Nevada, April1990, 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 

ofHigh-Level Radioactive Waste?" American Underground-Space Association News, 

5/1: 18-24 (April 1990). 
Eriksson, L.G., and Pentz, D.L., 1989. "Geosciences and Geoengineering Challenges to 

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- A Function of 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 Ftnal Disposal ofHigh-Level Radioactive 

Waste in the United States of America," Proceedings of the 5th International Congress of the 

IAEG, 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, I.L., 1985. 

"Application of Seismotectonic Zoning to Regional Site Screening, Characterization and . 

Selection," 28th Annual Meeting of the Association ofEngineering Geologists, Wmston

Salem, North Carolina, October 1985. 

Eriksson, L.G., 1983. "Geoplanning for Underground Space," Underground Space, 7:387-392. 

Zweifel, HA., 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-BWl-79-100). 

Eriksson, L.G., 1978. "Rapid Subsurface Investigation System for Underground Openings 

and Space," Third International Congress ofEngineering Geology, Madrid, Spain, September 

1978 . 
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ROBERT H. NED..L 

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. 
/ 

-'---
I 
I 

Afriliations 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 DismaJ!tlement, 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 Engineering, with First- Class Honours), 1952 
Sheffield University, England 

Ph.D. (Mining Engineering), 1955 
Sheffield University, England 

EXPERTISE 

Rock Mechanics 
Mining Engineering 

PROFESSIONAL EXPERIENCE 

/;-·----~ 

/ ._...-,,;:'1--
\ ~,.._---"* 
I / 
\, __ 

T. W. Bennett Professor of Mining Engineering & Rock Mechanics 
University of Minnesota 

Chairman of the Board, Itasca Consulting Group, Inc. 
Minneapolis, Minnesota 

Chairman, Peer Review to Atomic Energy of Canada Limited (AECL), on 
the 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 nuclear tests in 
French Polynesia on the stability and hydrology of the atolls Mururoa and 
Fangataufa 

Chairman, Working Group 4. Geosphere Modelling, for lAEA, Vienna, to 
study radionuclide releases from French nuclear tests in the Pacific 

Member, Conseil Scientifique (Scientific Advisory Board), Laboratoire 
Mixte CNRSILCPC, Marne La Vallee, France, on the Application of 
Mathematics and Physics to Ci vi! .Engineering 
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PROFESSIONAL EXPERIENCE (continued) 

1993 - Present 

1993- 1995 

1992 - Present 

1989-1995 

1989-1996 

1988 

1987- 1992 

1986 - Present 

1985- 1989 

1985- 1986 

1984- 1985 

1983 

Member, Conseil Scientifique (Scientific Advisory Board), ANORA 

(French Radioactive Waste Agency), France 

Member, Committee on Technical Bases for Yucca Mountain Standards 

U.S. National Academy of Sciences 

Member, Conseil Scientifique de G.3S (Scientific Advisory Board), 

Groupement pour I 'Etude des Structures Souterraines de Stockage 

(Underground Waste Storage Group), Ecole Polytecbnique, Palaiseau, 

France 

Vice Chairman, Board on Radioactive Waste Management (BRWM) 

U.S. National Academy of Sciences 

Chairman, WIPP (Waste Isolation Pilot Project) Committee, Board of 

Radioactive Waste Management (BRWM) 

Chairman. Second International Symposium on Rockbursts ~ Seismicity 

in Mines, University of Minnesota 

Member, Rauma Co. (Finland), Scientific Advisory Group 

Senior Editor, Tunnelling and Underground Space Technology 

Member, Waste Isolation Pilot Project (WIPP) Advisory Panel, National 

Academy of Sciences 

Member, Conference Steering Committee, National Science Foundation 

Initiatives in the States Program 

Member, NAK (Sweden) Advisory Board on the WP-Cave Radioactive 

Waste Isolation Concept 

Member, U.S. Environmental Protection Agency Advisory Sub

Committee on Radioactive Waste Isolation 

• 

• 

• 
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PROFESSIONAL EXPERIENCE (continued) 

1983 

1983 

1982 

1982- 1984 

1982- 1985 

1981 

1980 

1978- 1980 

1978- 1980 

1978- 1979 

1978 

1977- 1978 

Chairman, Engineering Review Group, Crystalline Rock Disposal 
Program, Office of Nuclear Waste Isolation, Battelle Laboratory, 

Columbus, Ohio 

Program Chairman, Subspace 83 Conference, Minneapolis 

Session Chairman, Subsurface 82, (U.N. Workshop on Utilization of 
Underground Space}, Stockholm, Sweden 

Chairman, National Science Foundation Advisory Sub-Committee on 
Civil and Environmental Engineering 

Member, Engineering Advisory Board, Nati.onal Science Foundation 

Program Chairman, Underground Space Conference: and Exposition 
American Underground Space: Association, Kansas City 

Session Chairman, Sub-Surface Space Symposium, Sweden 

Member, National Science Foundation Review Panel, D.ivision of Applied 

Research 

Chairman, Committee on Rock Mechanics, American Society of Civil 

Engineers 

Member, National Science Foundation Review Panel, Division of Policy 

and Analysis 

Member, 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 

Member, National Science Foundation, U.S. Centrifuge Facility Selection 

Panel 
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PROFESSIONAL EXPERIENCE (continued) 

1977. 1978 Member, National Academy of Sciences/National Research Council 

Panel on Implementation Requirements of Environmental Standards 

• 

1977 Member, U.S. Delegation to the Soviet Union (NSF/AIME) (i;;) 
'\:!_/ 

1976- 1977 

1976. 1986 

1976 

1975- 1978 

1975 

1974-1975 

1974 

1974 

1973- 1974 

1973- 1977 

1973 

1972- 1987 

President, American Underground Space Association 

Senior Editor. Underground Space, publish~d 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 Rock 

Mechanics 

Head, Department of Civil & Mineral Engineering, University of 

Minnesota 

• 

• 
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PROFESSIONAL EXPERIENCE (continued) 

1972- 1974 

1971 

1969- 1973 

1969 

1966- 1969 

1965- 1966 

1963- 1970 

1962- 1966 

1956- 1964 

1948- 1956 

Chairman, U.S. National Committee on Rock Mechanics, National 

Academy of Sciences 

Member, ABC (Oak Ridge National Laboratory) Advisory Panel on 

Radioactive Waste Disposal in Lyons Salt Mine, Kansas 

Member, National Academy of Sciences I National Research Council 

Advisory Panel on "Bedrock Disposal" (Underground Disposal of 

Radioactive Wastes) -

Chairman. American Institute of Mining Engineers (AlME) Committee on 

Rock Mechanics 

Member, National Academy of Sciences I National Research Council 

Committee on Rock Mechanics 

Member, American Society for Testing and Materials (ASTM), 

Subcommittee on Rock Mechanics 

Publications Chlrirman, Rock: Mechanics Section, AIME (SME) 

Transactions 

Corresponding Member. International Buro of Rock Mechanics (Berlin) 

Director (one of two from U.S.), International Society of Rock Mechanics 

(Salzburg) 

Co-Chairman, Annual Symposia on Drilling and Blasting Rock: Mechanics 

Mining Engineer. National Coal Board, England 
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PROJECT EXPERIENCE 
(Itasca Consulting Group. 1981 - Present) 

Charbonnages de France- Consultant on coal bumps in the mines of Lorraine and Provence (1992 -

Present) 

Spie Ba.tignolles (France) - Member, Board of Experts, Guavio Hydroelectric Project (Colombia) 

(1985- 1989) 

Potash Mine Design, Mines Dominiale de Potasse d'Alsace, Thailand (1981 - 1983) 

Official Critic of Swedish Radioactive Waste Disposal Program, Ministry of Defense, Sweden 

(1978) 

Geotechnical Advising, Lawrence-Berkeley Laboratories, Berkeley (1978) 

U.S. Army Corps of Engineers, R. D. Bailey Dam (1977- 1981) 

Pota.~h Mine Design, Petrobra~ Minera.ca.o Corporation, Brazil (1975- 1989) 

Hydraulic Fracturing, Geothermal Energy, and Rock Blasting Studies, Los Alamos Scientific 

Laboratory, Los Alamos, New Mexico (1975- 1981) 

Lunar Drilling and Rock Blasting Programs, Manin Marietta Corporation { 1973 - 1975) 

U.S. Army Corps of Engineers, Niagara Falls Preservation Project (1968- 1974) 

Rock Drilling Research [at various times for Holman Brothers {Cornwall, England), Atlas Copco 

AB (Stockholm, Sweden), Tamrock (Tampere, Finland), HDRK Inc. Canada)]; Tunnel Lining 

Problems (at various times for Al Johnson Construction Company) · 

• 

• 

• 
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PROFESSIONAL AFFILIATIONS AND A WARDS 

American Institute of Mining Engineers (AIME) 

American Society of Civil Engineers {ASCE) 

American Underground Construction Association (AUA) 

International Society of Rock Mechanics 

Sigma XI 

U.S. National Conuninee on Rock Mechanics 

Honorary Doctorate. University of Sheffield, England, 1997 

Honor<II)' Doctorate, National Institute of Lorraine (!NPL), France.l996 

Honorary Doctorate, St. Petersburg. Mining Academy and Technical University, Russia, 1996 

President. American Rock Mechanics Association ( 199S - 1997) 

Advisocy Professor. Tongji University, Shanghai, China, 1995 

President, International Society of Rock Mechanics (1991 - 1995) 

Member, U.S. National Academy of Engineering, 1991 

Theodore W. Bennen Professor of Mining Engineering and Rock Mechanics (1991- Present) 

E. P. Pfleider Professor of Mining Engineering and Rock Mechanics (1983- 1991) 

U.S. National Conunittee 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 Sciences, 1979 

AlME Outstanding Achievement Award in Rock Mechanics, 1972 

Inter-Society Committee 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 Numerical Models" (with 
C. Carranza-Torres and L. Lorig). Felsbau,IS(l), 45-63 (1997). 

"A Model For the Time-Dependent Behavior of Rock'' (wirh A. A. Fakhirni),lnr. 1. Rock Mech. Min. 
Sci. & Geomech. Abstr., 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 Symposuun in Taiwan (Tainan, Republic of China, December 
1992), p. 1. S.-T. Chen ct al .. Eds. Tainan, Taiwan: National Cheng Kung University, 1992. 

C. Fairhurst. "Three-Dimensional Discontinuum Modeling for Underground Excavations" (with 
L. Lori g), in Proceedings of the 1992 Rock Engineering Symposium in Taiwan (Ta.bum. Republic 
ofChirnz, December 1992), pp. 349-358. S.-T. Chen eta!., Eds. Tainan, Taiwan: National Cheng. 
Kung University. 1992. 

"Design of Excavations in Higb 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, April1987), pp. 
527-545. Stockholm: SKI. 1987. 

"Comparison of Numerical Modeling with Predictions from Laboratory Test.~ 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 Geomeclzanics ColJQguium (Salzburg, 
Au.rll'ia, 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·lnternatiotuZl Congress of Rock Mechanics (Melbourne, 1983). 

"Generalization of the Ground Reaction Curve Concept" (with E. Detournay), .in Proceedings of the 

23rd U.S. Symposium on Rock Mechanics (Berkeley, August 1982), pp. 924·934. Littleton, 

Colorado: American Institute of Mining Engineers, 1982. 

"Rock Fracture and Fragmentation, General Report" (with F. Comet), in Rock Mechanics From 

Research to Applications, pp.21-46. Cambridge, Mass.: MIT, 1981. 

"The Application of Mechanics to Rock Engineering (in French)," Revue Franplis de Geotechnique 

(Paris), No. 1·45F TIC, 18-36 (July 1977). 

"Going Under to Stay on Top,'' Underground Space, I, 71-86 (July-August 1976) . 

Dr. Fairhurst has some 75 additional publications and has supervised 20 Ph.D. theses :md over 20 

M.S. theses . 
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Fairhurst, C. "Optimization of the Rock Cutting Action of the HDRK-Wirtb Hard Rock Continuous 

Mining Machine (Final Report)," ICG, Repon to HDRK Mining Research Ltd., Rev. I, April1994. 

Fairhurst. C .. and J.P. Tinucci. "Findings for Anglo American Corporation's Rockburst Mitigation 

Program Review," ICG, Report to Anglo American, June 1992. 

Asgian, M., M. Christianson and C. Fairhurst. "A Numerical Method for Predicting Fractun: Crater 

Geometry for Simulation of Drill and Detaeh Excavation Methods," ICG, Report to Tampella 

(Finland), March 1984. 

Fairhurst, C. "Comments on Proposed Finite Elements Modeling Study, Rock Mechanics Stability 

Study," ICG, Report to NAKIWP-Systems (Sweden), August 1984. 

• 

Bergman. S. M .. and C. Fairhurst. "Working Paper: The Utilization of Subsurface Space 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. 

Fairhurst. C. "Calculation of Time-Dependent Rock Swell In the Vicinity of the Nine Mile Point 

Unit 2 Reactor Excavation Over a 50 Year Period," ICG, Repon to Dames & Moore (New York). 

June !982. 
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Education B.S. (with distin<lion), Civil EngiJWring, Stanfonl Ulliwrsity, 1973. 

S.M., c-a::hnic:al Engin=ing, Massachuscns lnslitute ofTcchnology, 1975. 

Sc.D., Geolc::bDicall!JJ&incering, MassacbUSdl! JnstiiUIC of Technology, 1979. 

AfJiliations American Society of CivilEnginam (Geolcclmical Safely and &liability Commiu=). 

lnlcmalioaal SociCiy ofRaok M..-banics 

1979. 1980 

1976. 1979 

197S- 1976 

1975 

1973. 197$ 

1972. 1974 

· lntmwional Associ•tjnn for CM1 Enginooriog Rdiability anciiUsk ~ 

Sooicty for MiDiD&. Molallllf&Y, atld J!x!Jla~Wan. 

Golder Associates Redmond, Washington 

Principal (pn•irnaly Senior ('KolechniC<JI Engineer then A.-cr<illr), Senior Risk and 

Decision Anolysl. Man~grr ofSystenu Gnnlp) 

Univenity ofTeus Austin, T CUI 

Instn«:IN, &OIIrchniC<JI Engineenrrg 

MassadiUJetts Institue nf T ochnolou Cambridge. Musachusem 

Rt:~Cordt ASSUiont. Roc!< McehtJIIIcs 

Geotechnical Engiacen, Inc. Winchester, M.usadlusttts 

Senior GeotKhnical F..ngiMe,. 

Duke Univenity Durham, North Carolina 

J,:fl~clt»', Geolechnical J!ngiMrrirrg 

Musadlusctu Institue ofTochnology Cambridge, Mauacbusetta 

Teaching Assi.stant, Gtollrchnicol J;nglncerlng 

Dames and Moon San Fnncil«~, California 

Geotechnical £rtgineu 

Professional Summary 

Dr. Roben:ls is a Principal and Manascr of the SySiem.S Group at Golder ASSDciat .. in Soaulc, wiiCTC he 

has """"' for rbc prmous 16 years. He is a m:ogJiiz<d inremariotlal exp:n in pR>babilislic risk. and 

decision analysis, with over 20 years of cxpcricnce. He has ba:n responsible for a ,.ide ransc af loc:al, 

nationaL and intenwiooal geotcclmioal projcds rdlll<d to various asp:c1$ af sitiDg, inVe51igatioD, 

aoalysis, design, pcnnining. construction, moniroring, ranaliation aod decommiSSioning af: (a) 

radioacliw and other baurdaus w-dSie facilities', (b) ci\"il engineering (rock slopes, runnels, dams. 

cmbankn=rs, and fourulallons, on-sbon: and off-shore); (c) ulining c11giiiCICring (UJ~Clersn!wui oponiftp. 

pi\ slopes, "Utt: dumps, roiling d:uns. dewatering systemS. and backfill :s<:hcmes), and (d) warer ...soeara:o. 

Many nf thes!: projecls wen: conducted under Slric:t QA progr.uns and included a>nsideralion of public 

safely, costs and orhcr OOIISOqUCJUZS. including associated risks. On the topic af ptobabilillic risk aod 

decision analysis. he IS a member of national c:ommiw:cs. has been invild to speak at wri- contaeoccs 

and 10 variOIIS public: agoncies (including vartous SI:IU: and Ced..al agencies), has prcoo::nled numcmus 

-

OPY 

/'• 

\:Z: \.,.,.,,... 
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workshops. has KrleC as a rmewer for variCNS prufcssionaJ joumals, was invited lo panicipalc in a U.S. 

Natio.aal AC>dcmy of Sciences workshop anli was • keynote speaker at an international C01IfcrcDte. In 

addition. he lw published. man: than 40 papcn and RplRS. has Wight at sc>erai universities and 

previously worked for sevaal othu gcolochnial consultants. ElWIIplco of relevant r=r pmja:t 

cxpt:ricll= inclwlcs: 

A'RCO Aluka 
Conducted wmkshop Rgarding risk •u-nren• and risk IJWI8SCIPC1Il. 

Waste Manaa:ement Inc. North America 
Probabilislic c:ost cstimalcs for ,....,....tialion of •- do= Supcrfulld silcS lhn>DBbout NDJ'Ih America, 
c:onsid<:rill8 the unccn.ailltics ill conditioos. reqoiremcms ancl cost COIIlpCIDCI11S. 

~· ' . ·-·. 
BioRad California 
Risk: r'usmem and decision analys.U far dispolitioD at contaminated illd1istrial site.. 

Landfill Performance (.EPA) 
Dcvelopc:d model for prnbobjlictigUy cvaluaW.g p:rfoJlllllllCC (leakage) oflinailaDdfillsyste~DS. 

Landfill Cover- Chemical Waste Management 
Oevell!ptntnt of probohilislic model to cvaluala land1i11 = designs, ill terms of likely 10181 life cycle 

<XIIIS. consldmn& possible failures (i.e .. risks) due 1o unccrtainlies ill Sialic aDd dynamic conditioDS. 

• 

Dike Stability - Olin Chemical • 
Probabilistic analysis of stabllicy of dllLcs adjaa:nt to riva" at hazardous waste site. coDSidcring 

WIQOltaimlcs in .wic an4 <lyJIIIllli<: con4ilions (i.e., indudiag scismH: huMd analysis). 

Water Supply Moaes Lake, Wasbingto• 
Probabilistic: analysis af invcstigatioA, n:medialion and oupply options for a CDIWiminaled water supply, 
consiclcring unco:rtaintics in lhc ClllTCIII and futun: condiliOIIS and in thc costodl'caivcN:ss af lhe various 
allcmalives, as illpou to a decision making framcwori<. 

Waste Disposal Facilities Worldwide 
Design, clwaac:rizalion and prob:lbilistic analysis of the pctfaflllliiiCC of unclcrgrauncl r.ulioacliYc waste 

disposal facililks lor \'arious clicms tluoughaul tbc world (e.g., NllC, EPA. NlS, WIPP, Yucca 
Maunlain. BWIP. Sak. OCRD • US; NlR.EX • UK; AECL. Pt. Hope • Caaadl; NAGR.A • Switzcrlalld; 
S1CB - SWI:dcn; PNC • Japan; GSF • Gennany), considering til<: WICCI13lnlios In sile cbarxlcristics and 
(UIUJCCYCIIIL 

New York Waste Facility New York 
Evaluatiah of \':Jriaus design options far disposal of law level radiaa<tM waste, considering various 
factors su<:h as cast. safccy, sociacconamics, Clc. 

• 
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Wnt~ Dilposal System· US Congressional Commilsioa 
Prababllistic analysis of the 1<>1al lire cycle CGSt and scbalulc of specifiC PfCII1ClSI"' radioaaive WOlle 

disposal 5)'51CmS, considering the wx:cnaiJUics in CDSIS and duratiolls of the vuiCJ11S aaivltlc:s involvccL 

Mind Wute Dispolal- Watinghowe 
Developc4 ri&k '""'Titlll. w dccilioll analysis ~lo&Y far nprimiring the mixed WUic dilpCIIII 

I)'St&ln at W Wubinpt!.llld helped to cvaluatc per{ot:alaDa: af mixed ..-laDdfiiL 

Wnte Disposal Regulations United States 

Assisted in the dcvdopmomt and review of Jq!lllations JOYCI'Iillg radioaaiYc wascc dispoAl for varlou 

.,.,acs cc.a.. NRC. EPA. POE, J!PRJ). 

l'robabiliatic: Health Risks. US Army Cvrps·o£ Engiaun 

AssiSI3DI:e in clcwlapman of plllbabilislic pu!DrmaDCC :wcssmcDl madc1 lbr cslimaling health risks to 

the public ICSIIIIing fmm aped fie oonllminatal areal al w w~ 

Dose Recon1tructioa - Battelle • PNL 
AssiiWICZ in collllw:tiq Jell06J>'i'live prnbabilistic health risk • Pibent II HaDfaJd. Washinc-. 

Undcrgrouad Wute Dilpoul Facility. US Departm9t ofEaergy 

Development or pnobobUistic mcdel to evaluate the lilo:ly eon&eq1ICIICCt Crislal o[ Volrioas ouate&ia for 

dftclopiag an ~ ..uc disposal facility, in tams of total life cycle cost&, scbc:dulcs. and facllily 

pc:rfonDaDcc. 

Tunnel Construction Storebaelt, Denmark 

~lislic risk analysis for the constrw:tion of tnajot 511boza tunnels, in 1CnnS o[ additional COSII, 

cdtcd•"• clclays. worker safely and o:nvii'OIUDCIIlal impacu, considering a COillpldtcsWve IICl of failure 

lllCldes and poollllblc risk ta:lu<lillll Stmtogic:s. 

Tuuael Constructioa • CBM Hong Kong 

Prabablliaic risk analysis {or lhc COIISUliCtion of major 5Ubsca liiDDCls, in Ierma of odlcd•dc dclays, wori<et 

Sllfety :and swfacc ouboidellcc, comidcrina a comprthensM: set of failure modes as ...,11 as significant 

gculogic uno=rtaimics and cumru opcnling pRIIZII!mes.lcongcncics. 

Enwironmeatal Data Bue • Saodia Natio11al Labs 
Dcvclopmem of ID interadiw dala baSe for sclccdDj; optimal ~ ,_...ialion designs lbr 

sp:cilic t=r-dcfined problems, ioc:ludiDg .me... of CIMroJIIIlCIII81 tellleltialioa li<IOds and capabilities iD 

various COUDirica--

U11derground Test Facility· US Department ofE11ergy 
Probabilistic analysis of gn>undwatcr and llU:IIwte inflow to 111 untlcipnmd test Cacility during 

co11511UCtion. considering the uncertainties in gculogic and hytlmgeologi<: ctlllditions as well as 

CODSUUCtiOII proccduic:s. 

... 

/ .---,. 
' -<..,. 
\ ·-··-"' 

'· 
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Wismut 
Gcrmaay 

Decision analysis for remediation of uranium mill 1ailings, coiiSidaillg lr.ld.coffs among various faciDn 

iocludilll! long-~cnn health ritb. 

Ok Tedi Mine Papua. New Guinea 

Dc:vdopcd a pn~babilislic model and col!ducr<:d pn>babilistit risk analysis • ...,..;.,.., with apolalion of 

various ..,.. disposal sys1an oplioDs for a lar&e open pit cappor mine; ~ likely COSIS, 

worker/public hazard$, cnvironmoalal Gild ....-i<rconomic impac:u CMr !he entire rc&Jon. 

Slope Stability North America 

CcnOucmd risk "'"smcnt Rprding ~ope subility of opm pit ..u-~ North "-ica (c.~. 

Banick. Twin ButteS. ~gham) 
~· ,•_ ....... ~. 

Golden Sunlight Mine Montana 

Risk UICSSIIII:IIt aiUI decision analysis for rcmecliolion of an operatinJ mine facility which was 

c~g major failUJe. considering the una:nainty in amen! conditions, the ~ in the 

clJ<cli>'CIICSS of various options. and uadeolis among variOIIS o:IIJ""''UCliOCS. 

Coal Mine Subsidence Bellevue, Wuhington 

Develqled a pmbabilisric madd and conducted probabilistic risk analysis assoria't:d with ~ 

above 8buclont:d coal llliDes. COIIIidaing porcmial 5llbsidcnc:e aNI laDd IS. expt rl ill 1cn11s ai w 

litdy 01151 of lllnlcluRI d:lmagc and the lil<dy IIIUIIbcr or injun:s. 

• 

Rio Algom Mines 
Canada 

Developt:d a prcbabilistic madd for evaluating Ill< long tenn cll"ccts (risks) of wrious oplioiiS few • 

dec:ommissianing a ...,.,;wn mill< lailings r.cility, considering tliC una:tlllilllics in lite ainditiOIIS aiUI 

fulurc cYCIIIS (c. a., storms. ole.). 

Crown Mines South Afriea 

Dcoclopt:d a risk uscssmcnt JDOdel for a proposed tailings dam in lltban o:nvinlllllll:lll. 

Mt. Jsa Mille 
Australia 

Helped daclap risk asscssmcm and decision analyail modcl for evaluating akemalive lllldcrpund miDc 

bacldUiscbabos. 

Territorial Government 
DeYclopcd hletbodoiO&Y for COIIduetia; 
througbc>llt Hone Kong. 

Rodclalll 

Bong Kong 
risk as:scssment aad risk managelllmll for llallnl slopes 

North Amerit:a 

~ probabilistic risk analysis for niCk falls along various transportation IDUieS for various cllCIIII 

Cc.~:-. ODOT. City of Valll:lliiiiCI', l'iwbatgh, METRO, US Forest Service, eiC.), QIIISidcriog the 

ptelbabllity distribution for the number of rock falla and the likely ~ of cacll, and tbc 

clfediveness of dtsign allcmalivc:s. 

... 

• 
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North Carolina DepartJnent of Transportation Nortb Caroliaa 

Dcvclopcd and applied probabilistlc analysis prooodmes for rock slopo aability uWysis and design, and 
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Participant, Planning workshops for Hydrology Volume for the Decade of 

North Amertean Geology (DNAG Sertes), 1983. 

Two papers singled out for reproduction tn "Benchmark Papers In Geology", 

1983, one In Phystcal Hydrogeology, v. 72. another In Chemical 

Hydrogeology, v. 73 

PubUshed paper (Aitemauve boundarle.s tn solld waste management. 

Groundwater, v. :2.0, p. 303-3111 cited In congressional rceord and utilized by 

EPA In hazardous waste dells ling 

Presidential Appointment !Pre.stdlcnt Bush) to the U.S. Nuclear Waste 

Technical Revtew Board, 1991-1994 

Participant, National Academy of Science panel on assessing the future value 

o( ground water ( 1994-1996) 

OTHER ACTIVITIES 

Registered Engineer, State of Nevada 
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Engineering Cieology and Dc.cp Well Dewatering Design 
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(1964) 

Engineering geology of N~ada Power Company Plant. Moiap& Valley, Nevada (1965) 
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Sewer Tunnel (1971); ancllhe Esllirp Tunnel J>rojea {197S). · 

Gn~Widwakr Supply 

Oplimiution and simulation for groundwater ma.n&gemcnt of lhe salt wa1c:r incrusion 

~ne, Costa de Hc:anosillo.Mu;ico (1974·1975) · 

Grt>undwatcr supply for agriculture developmcn1, Work Bank Small Scale Acric:~~llurc: 

Inftas~rueture l'roJCCI, Appnisal Mission, MCJtico (1978) 

Groundwater supply for proposed nuclellf power plant, Mason Valley, N_cvada (1965); 

Nevada Power Company Plan1, Moapa Valley, Nevada (1965); Agrochemical Company, 

Rorida (1973): ancl proposed utilization of southern Florida $&11 water ZDne for cooling 

purposes (1975) 

Gcolhccmal 

Well design and technical specifications for hot water wells. Siclra Nevada foothills, 

Nevada ( 1967) 

An evaluation of the theanal pressure: producing mechaniSIIIS, Dome Fault U'CI. Ucah 

(1975) 

.< ... ..•. 

Potential impact of surface mining on tl1c qualiry of surface and poundwa1cr rc:souree.s in 

Kno~ Counry.lllinois (1978) 

lmpae1 o( Mallasd Lak~ L.andtill on groundwata quality, Olicago, Winois (1979) 

Dewa1ering rcquiremcnu; and environm~n1al considenlions for undcl'!lJI)uncl storage in 

the Galena·l'lattclrillc c:.ubonat~ roc:!< sys1em, Elmhurs1-0licago quarry (1979) 

Potential impact of utilizing Silurian dolomi1c u a mc.dium for a saniwy landfill, Chicago 
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l'anel reviewer for geologic Sll!dics. Nevada No>clear Waste StO!llgc Program (1979) 

Panel reviewer for hydrologic studies, Bual1 Nuclear Waste· Isolation Prograrn. 
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Development of contarn.Jnant transport models for solid waste facilities, 
Edison Electric Institute ( 1979) 

Assistance In developing mass transport models for solid waste facWttes, 
DuPont Chemical Co. ( 1980) 

Slte JnvesugatJon and remedial design. leaky underground storage 
tank. South Texas. 

Performance assessment of domal salt as a repository for solidified 
hazardous waste, North Dayton Dome facJllty, Texas 

Performance asseisment of domal salt as a reposltory for hazardous 
waste. Boling Dome facility. Texas. 

Review of no migration petltlons (Jlve years), EPA, Chicago 

Consultant to Oak Rldge.Nat. Lab. on matters of hazardous waste and 
remediation measures 

Consultant to Munlclpallly of Waterloo, Ontario, Canada, on matters of 
ground water supply and contamination controL (Current) 

Consultant to legal llnns Involved In hydrocarbon leakage from major tank 
farms. Albuquerque, NM and Ausun, TX (current) 

Consultant to legal firms concerned With migration of hazardous waste from 
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PaulE. Drez 
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 P<Ule1 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 TRUP ACT

ll package designed to transport waste to theW aste 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 waste 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 

DOE Q Clearance, Inactive 

Experience and Background 

1992-
Present 

Consullant, Drez Environmental Associlltes, Albuquerque, New Mexico. As an 

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 tbe contract include: 

• Technical lead on tbe development of the Transuranic Waste Baseline 
Inventory Report (TWBIR), which is tbe first document to ever define all 

transuranic waste in the DOE system in terms of waste streams and the 

physicaUchemical composition of tbe waste streams. The TWBIR is the 

document that defines the transuranic waste inventories in all documentation 

sent to regulatory agencies supporting tbe compliance applications to open 

WIPP for disposal of transuranic waste by June 1998. 
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1988-
1992 

• 

2 

Suppott DOE-HQ in development of the Programmatic Environmental Impact 

Statement (PElS). This effort includes the definition of alternative treatment 

and storage options for transuranic (TRU) and mixed-TRU (MTRU) wastes 

based on previous experience in TRU programs, development and justification 

for source terms to be used in PElS risk assessment evaluations. 

• 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; 

documenting ·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. 

Member of the Rocky Rats Plant(RFP)/WPIO 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 1 00) for changes in waste form or 

packaging that would allow greater quantities of the residues to be shipped in 

TRUPACT-D. 

Senior Technical Associau and Group Manager, Waste Characterizlztion, International 

Technology Corporation (IT), Albuquerque, 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-ll and remote-handled· (RH) waste 

transportation systems. His recent activities have included the following: 

• 

• 

• 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 alternatives 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 pennining 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., 
Engineered Alternatives Task Force and Waste Acceptance Criteria) 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 all known criteria into one concise document, including 
transportation, RCRA, PA, and state of New Mexico requirements. 

• Technical Director and Project Manager for all waste characterization studies 
in support of the Safety Analysis Report for Packaging (SARP) to obtain a 
Certificate of Compliance for the TRUPACT-ll 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 TRUP ACT -ll with the Nuclear Regulatory Commission. The 
Certificate of Compliance for the TRUP ACT-ll was awarded in August 1989. 
Dr. Drez continued to coordinate work on amendments to the TRUPACT-ll 
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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Characterization and definition of the first-ever TRU waste inventory of 

radionuclide and nonradionuclide constituents for Sandia National 

Laboratories. 

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. 

Senior Geoclumist, lnlernationtll Technology CorporoJion (IT), Albuquerque, New Mexico. 

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. 

• Technical presentations before the National Academy of Sciences in support 

of WIPP performance assessment for Sandia National Laboratories and the 

DOE. 

• 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 . 

• 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. 

• Geochemically modeled the effect of hazardous waste streams in deep injection 

wells on porosity development, mineral stability, and the integrity of the 

confining shales. 

• Modeled the transport and fate of dissolved aqueous constituents, including 

radionuclides and organics, from point source discharges into ground waters 

and brines. 

• Developed and implemented a test plan for Transportation Acceptance Criteria 

(T A C) to evaluate the gas generation potential of mixed-hazardous waste 

drums and boxes during shipment to the WIPP site. 

• 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. · 

• 

• 

• Estimated decomposition products and gas generation potential from the • 

breakdown of mixed-hazardous waste due to radiolytic, bacterial, chemical, 

and oxidation processes. 



 

 Information Only 

• 

• 

• 

Paul E. Drez 

1985-
1986 

1980-
1985 

5 

• Manager of multiple projects concerned with various aspects of collection, 

interpretation, and integration of geochemical data and modeling results into 

. deliverables. 

Research Specildist Geochemist, 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, including the design 

of hydropyrolysis and hydrothermal solubility experiments. 

• 

• 

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 Specildist 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 

detem1ine 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 2, N2, C02, CO, S02, H:tS. C~. ~lis. CS2, 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 gold prospects . 

• Supervised and directed ten technicians at four analytical laboratories in 

preparing and analyzing geologic, aqueous and botanical samples. 
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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. 

Research Geochemist, Minerals &ploration Research, Exxon Production Research 

Company, Houston, Texns. Responsible for three analytical laboratories. Coordinated 

studies of sandstone uranium deposits, including activities of managing consultants. 

• 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, leachates, and brines. 

• Managed sandstone uranium drilling program for recovery of core and drill 

cuttings for geochemistry and mineralogy. 

• Investigated dolomization of limestone by using trace elements and stable 

isotopes. 

Professional Affiliations 

Publications 

Association of Exploration Geochemists 

Geochemical Society 

International Association of Geochemistry and Cosmochemistry 

Drez, P., Chakraborti, S., Bretzke D., McCann, J., Edson, C., Harvill, J., Lott, S., 

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 Plant Regulatory Compliance Modeling/ Application," abstract submitted to 

Waste Management 1997 conference, Tucson, Arizona. 
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Chakraborti. S., Abashian, M., Drez, P., Burrington, T., Lopez, 1., 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, J., P. James, and P. Drez, in preparation, "The Redox State of the Culebra 

Member of the Rustler Formation," in "Hydrogeochemical Studies of the Rustler 

Formation and Related Rocks in the WIPP Area, Southeastern New Mexico," 

SANDBB-0196, M. D. Siegal, S. I. Lambert, and K. L. Robinson, editors, Sandia 

National Laboratories, Albuquerque, New Mexico. 

Drez, P. E., Devarakonda, M., and J. Cruse, 1991, "Summary and Status of TRU 

Waste Characterization," paper presented at Waste Ma,nagement '9 1, 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, I., 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. J., 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 ofthe 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-U Shipping Package," Waste Management '90, Proceedings of the 

Symposium on Waste Management, Tucson, Arizona. 

Murthy, D. V. S., and P. E. Drez, 1990, "Transportation ofTransuranic 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., J.B. Case, R M. Deshler, P. E. Drez, J. Myers, and J. R. Tyburski, 1987, 

"Brine Sampling and Evaluation Program Phase ll 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 

Isotopic Composition of Bedded Barites," Exxon Minerals Company Exploration 

Memo, 28pp. 

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, II th 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. 506-517. • 
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Baum, G. R., W. B. Harris, and P. E. Drez, 1985, "Sodium Distribution in Eocene 
Dolomites from tbe Castle Hayne Limestone, North Carolina," abstract, American 
Association of Petrological Geologists Annual Meeting, New Orleans. 

Drez, P. E., 1983, "Alunite Chemical Field Test Addendum: Discrimination of 
Alunite in tbe Presence of Jarosite," Exxon Minerals Company Exploration Memo, 
6pp. 

Drez, P. E .. 1983, "Mobility of Metals in tbe Papua New Guinea Weathering 
Environment: Implications for Exploration," Exxon Minerals Company Exploration 
Memo, 205 pp. 

Drez, 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 tbe Scuddles 
Prospect: A Preliminary Report," Exxon Minerals Company Exploration Memo, 8 
pp . 

Drez, P. E., 1981, "Olivinae (Mollusca:Gastropoda) from tbe Alum Bluff Group of 
Northwestern Florida," Tulane Stwl~s in Geology and Paleontology, Vol. 16, pp. 105-
122. 

Drez, P. E., S .. S. Sedeora, and M. E. Kiibler, 1979, "Evaluation of a Ditbionite 
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 witb 
Mesozoic Diabase Dikes, Durham Basin, North Carolina," Geological Society 
Annual Meeting, Southeastern Section, Vol. 10, No.4, pp. 161-162. 

Baurn, 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 
Sedirnentologists, lOtb International Congress, Jerusalem, Vol. I, pp. 59-60. 

Drez; P. E .. 197'1, "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. 

Ray, C. E., A. Wetmore, D. H. Dunkle, and P. E. Drez, 1968, "Fossil Vertebrates 

From the Marine Pleistocene of Southeastern Virginia," Smftmonian MisceUaneolls 

Collection, Vol. I 53; No.3, 25 pp. 
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canister material for nuclear waste. In: Scientific Basis 
for Nuclear Waste Management, M.A. Apted and R. Westerman 
(eds.), Elsevier, pp. 805-813. 

Kacandes G.H. and Grandstaff D. E., 1989. Differences 
between geothermal and experimentally derived fluids: how 
well do hydrothermal experiments roodel the composition of 
oeothermal reservoir fluids. Geochim. Cosmochim. Acta 52, 
343-358. -

Gardiner M.A., Ulmer G.C., and Grandstaff D.£., 1989 . 
Application of a reinjection technique to Dickson 
hydrothermal experiments: The effect of introducing fresh 
solution to the basalt-water system at 300°C and 300 bars. 
In: Water-Rock Interactions, WRI-6, (D. L. Miles [ed. I), 
239-242, A. A. Balkema, Rotterdam. 
(received best paper award: International Technology 
Corporation) 

Kacandes G.H., Ulmer G.C. and Grandstaff' D.E., 1989. 
Variations in fluid chemistry and alteration mineral 
paragenesis during basalt/he~ water. interactions. In: Water
Rock Interactions, WRI-6 (D. L. Miles ied)), 353-356., A. A. 
Balkema, Rotterdam. 

Wang J., Gardiner M., Grandstaff D.E., and Ulmer G.C., 1989. 
The aeothermal oxidation of basalt. In: Water-Rock 
Intera~tions WRI-6 (D.L. Miles (ed.)), 735-738, A. A. 
Balkema, Rotterdam. 

Grandstaff D.E., Ulmer G.C., and Kacandes G.H., 1990. 
Prediction of near-field fluid compol'ii tion in high-level 
nuclear waste repositories: Data from geothermal and 
experimental analogs. Nuclear Waste Management III. Am. 

Ceramic Society. 
(received best paper award from American Ceramic Society: 
Nuclear Division) 

Ulmer G.C., Grandstaff, D.E., and Myers J. 1990. A 
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hydrothermal buffer capsule technique for redox 
measurements. In: Fluid-Mineral Interactions: A Tribute to 
H. P. Eugster, R. J. Spencer and 1-M. Chou, eds. Geochemical 
Society Special Publication #2, San Antonio, TX. 

Grandstaff D.E., Grassi V.J., Lee A.C., and Ulmer G.C., 
1991. Comparison of granite, tuff, and basalt as geologic 
media for long-term storage of high-level nuclear waste. 
Scientific Basis for Nuclear Waste Management XIV. (T. 
Abrajano, J.H. Johnson, eds.), Materials Research Society, 
Pittsburgh, Pa, pp. 849-854. 

Grassi, V.J., Ulmer G.C., and Grandstaff D.E., 1992. The 
effect of igneous rock type on nuclear waste siting. Nuclear 
Waste Management IV. American Ceramic Society, pp. 695-706. 

Grassi, V.J., Ulmer G.C., and Grandstaff D.E., 1992. Water
rock hydrothermal experiments: Influence of rock type on 
solution pH and oxygen fugacity. Water-Rock Interactions 
Symposium 7, Y. K~araka (ed). 

Cheng, Y., Lee A.C., Grassi V.J., Grandstaff D.E., and Ulmer 
G.C., 1992. An autoclave reinjection study of a vitreous 
rhyolite tuff. Water-Rock Interactions Symposium 7, Y. 
Kharaka (edJ • 

DeMaio, T., and Grandstaff, D. E. (1995). The effects of 
dilute organic acids on calcite dissolution. In: Water-Rock 
Interaction Symposium B, (Y. K. Kharaka and F. Chudaev, 
eds.), p 241-245, Balkema, Rotterdam. 

Jones T. P. and Grandstaff, D. E. (1995). Controls on 
dissolved aluminum in the New Jersey Pine Barrens, In: 
Water-Rock Interaction 8, (Y. K. Kharaka, F. Chudaev, eds.), 
p. 351-355, Balkema, Rotterdam. 

Teng, H. and Grandstaff, D. E., (1996). The effect of pH and 
organic acids on dissolution of basal tic glass. In, The 
Scientific Basis for Nuclear Waste ManagE!lllent. Materials 
Research Society, Pittsburgh, PA. 

DeMaio, T. and Grandstaff, D. E. (in press). The effects of 
dilute organic acids on calcite dissolution. In, The 
Scientific Basis for Nuclear Waste Management. Materials 
Research Society, Pittsburgh, PA. 

Ulmer, G. c., Grandstaff D. E., Woermann t., Gobbels M., 
Schoni tz M., and Woodland .7\., (in preparation~ • 
Metastability of SiC (Moissanite) Relative to Paragenetic 
Associations in Kimberlites and Meteorites. 
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OTHER WORKS PUBLISHED OR IN PRESS: 

ABSTRACTS: 

Grandstaff D.E., 1974. Uraninite oxidation and the Precambrian atmosphere. Trans. Am. Geophys. Union, 22· 457. 

Grandstaff D.E., 1975. 
orthopyroxene dissolution. 
459. 

some kinetics of bronzite 
Trans. Am. Geophys. Union, 56, 

Grandstaff D.E., 1977 some kinetics of forsterite olivine dissolution. Trans. Am. Geophys. Union, 58, 458. 

Myer G.H., DeSantis J., Grandstaff, D.E., and Grandstaff, B.E., 1977. A multistage model of preservation in some fossil plants. Geol. Soc. Am. Abstracts with Prog. Northeast 
section, 2· 304. 

Sleight M.C., and Grandstaff, D.E., 1978. 
concentrations in the Mullica River-Great Bay 
Trans. Am. Geophys. Union, 59, 2"90. 

Aluminum 
estuary . 

Gay A.L., and Grandstaff D.E., 1979. Precambrian paleosols at Elliot Lake, Ontario. Geol. Assoc. Canada. Abstracts with Prog., _!, 52. 

Grandstaff D.E., Kinetics of olivine dissolution II. Effect of organic chelating ligands. Trans. Am. Geophys. Union, §2.' V-170. 

Gallagher M.N., Grandstaff D.E., and Adams J.K., 1980. Hydrology and geochemistry of central Bucks County, Southeastern Pennsylvania. Gcol. Soc. Am. Abstracts with Proarams. Northeast Section, 12, 37. . --
Schulz E.B., and Grandstaff D.E., 1980. Trace element concentrations in Mercanaria mercenaria from Great Bay, New Jersey. Geol. Soc. Am. Abstracts with Programs, Northeastern Section, 12, 81. 

Moore E.L., Ulmer G.C., and Grandstaff D.E., Interaction of basalt and continental groundwater at 
and 300"C. Trans. Am. Geophys. Union, 63, 450. 

1981. 
zoo•c 

Ulmer G.C., Elliot W.C., Grandstaff D.E., adn Gold D.P~, 1981. Petrogenesis of the platiniferous zone of the Stillwater Complex, Montana. CSIR Platinum Conference, 

.... ., 
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Kimberley M.M., Grandstaff D.E., and Tanaka R.T., 1982. 
Topographic control on Precambrian weathering in the Elliot 
Lake uranium district, Canada. Internatl. Geol. Correl. 
Proq. 157 Conference, London, England. 

McKeon G.L., Ulmer G.C., and Grandstaff D.E., 1982. 
Stability of spent fuel in a nuclear waste repository 
located in basalt. Trans. Am. Geophys. Union, 64, VlOO. 

Ulmer G.C., Grandstaff D.E., Brozdowski R.A., Barnes H.L., 
and Bourcier W.L., 1982. New developments in hydrothermal 
Eh-pH measurements. Geol. Soc. Am. Abstracts with Programs. 

Buntin T.J., Grandstaff D.E., Ulmer G.C. a-nd Gold D.P., 
1983. A pilot study of geochemical and redox relationships 
between potholes and adjacent normal Merensky Reef of the 
Bushveld Igneous Complex. Geol. Soc. Am. Abstracts with 
Programs. 

Clark L.D., Kimberley M.M., Grandstaff D.E. and Edelman 
M.J., 1983. Precambrian weathering horizons: Subproject 1 of 
IGCP 157. Geol. soc. Am. Abstrac~s with Programs, 15, 545. 

Edelman M.J., Grandstaff D. E., and Kimberley M.M., 1983. 
Description and implications of two early Precambrian 
paleoweathering profiles from South Africa. Geol. Soc. Am. 
Abstracts with Programs., 15, 565. 

Grandstaff D.E., McKeon G.L., Moore 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 Brozdowski R.A., 1983. 
Geologic applications of ZrO, electrolytic cells. Second 
International Conference on the Science and Technology of 
Zirconia, Stuttgart, FRG, Max-Plank Inst. f~r 
Metallforschung, D6. 

Olmer G.C., Grandstaff D.!., Brozdowski R.A., Barnes H.L. 
and Bourcier W.L., 1983. New developments in hydrothermal 
Eh-pH measurements. Geol. Soc. Am. Abstracts with Frog. 

Grandstaff D.E., Foster R.w., Korn ILA., and Ulmer G.C., 
1985. Measurement of hydrothermal redo:< using a direct 
hydrogen evolution method (DHEMl • Second International 
Symposium on Hydrothermal Reactions, Pennsylvania Stat_e 
University, pg. 10. 

Grandstaff D.E., Ulmer G.C., Myers J., and McKeon· G.L., 

P•qe 8 • 

• 

• 



 

 Information Only 

• 

• 

• 

·..:.~- ---o-··· 

Name: Grandstaff, David E. 

1985. A hydrothermal bl!ffer caps1!le technique for redox 
measurements. Am. Geophys. Union. 

Ulmer G.C., Korn R.A., Foster R.W., and Grandstaff D.E., 
1985. Measurement of hydrothermal redox using DHEM: 
Implications for nuclear waste disposal. Second 
lnternat~onal 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., 
1966. Image analysis of an Icelandic basalt. Geol. Soc. 
America, Abstr. with Prog. 

Grandstaff D.E., 1986. Precambrian paleosols and the 
composition of the mid-Precambrian atmosphere. Trans. Am. 
Geophys. Union, 67. 

Kacandes G.H., Ulmer G.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, 67, 250. 

Ulmer G.C., Kacandes G.H., and Grandstaff O.E., 1986. 
Icelandic geothermal fields as an analog for nuclear waste 
isolation in basalt. Amer. Ceram. soc., Abstr. with Prog. 

Gardiner M.A., Kacandes G.H., Ulmer G.C., and Grandstaff 
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D.E., 1987. Use of re-injection techniques for hydrothermal .,. 
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 ezperiments: Implications for 
nuclear waste disposal. Mater. Res. Soc., Abstr. with Prog. 

Kacandes G.H., Ulmer 
differences between 
hydrother-mal fluids: 
Geophys. Union. 

G~C .. and Grandstaff D.E., 1987. pH 
experimentally derived and natural 
possible role of co,. Trans. Am. 

Lazaar P.I., 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 
do water-rock experiments model the composition of 
geothermal reservoir fluids? Mineral Exploration Research 
Institute, Symposium on E:~perimental Investigations . of 
Hydrothermal Processes, Montreal, PQ. 

Wang J., Ulmer G.C., Grandstaff D.E., and Friel J.J., 1988 • 
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Basaltic residium glasses: an old and a· new problem. 
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. lOS. 

Wang J., Ulmer. G.C., and Grandstaff D.E., 1989. 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 (Abstract). Journal 
of Vertebrate Paleontology, 10, 12A-13A. 

Ulmer G.C .• Grandstaff D.E., Hanson B., Gold D.P., and 
Deines P. 1990. Texture, and ''C Data for graphite in mafic 
igneous plutons (abstract). American Geophysical Union, 2!• 
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 Union, 71, 663. 

Ulmer G.C. Grassi V.J., Lee A. and Grandstaff D.E., 1990. 
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., 1991. 
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 events (abstract). Trans. Amer. Geophys. Union (EOS), 
73, 113. 

Grandstaff, D.E., and Ulmer G.C., 1992. Fluid inclusions in 
diamond, equations of state, and mantle redox conditioils 
(abstract). Trans. Amer. Geophys. Union (EOS), 73, 335. 

Sirkis, D., Ulmer G., Grandstaff D., Castro J., and Gold D., 
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1992. Testing 
Quebec, using 
Geophys. Union 

a model of diatreme emplacement at Oka, 
rock magnetism !abstract). Trans. Amer. 

lEOS), 73, 103. 

Yan, C., and Granctstaff D.E., 1992. Concentrations and transport mechanisms of Cd, Pb, and Zn in roadside soils affected by automotive pollution (abstract). Tran~. Amer. Geophys. Union {EOSJ, 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 lEOS}, 
74, 161. 

Ulmer G. c., Grandstaff D. E., and woermann E., 1993. Moissonite Stability: A mantle redox problem? {abstract). Terra nova, 5, 511. 

U!mer 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. Amer. Geophys. Union (EOS), 75, 139. 

Freiheiter M. and Grandstaff D. E., 1994. Conservative versus non-conservative behavior of selected species in the estuary of the Great Egg Harbor River, New Jersey. Geol. soc. Am., Abstracts with Programs, Northeast section. 

Jones T. P., and Grandstaff D. E., 1994; Geochemical controls on aluminum, iron, and other species in surface waters of the New Jersey Pine Barrens. Trans. Amer. Geophys. Union (EOSJ, 75, 136. 

Teng H., and Grandstaff D. E., 1994. 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 (EOSJ, 75, 177. 

Jones T. P., and Grandstaff 0. 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 Scbonitz, 
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M., (1995). Metastability of SiC (Moissanite) Relative to 
Paragenetic Associations in Kimberlites and Meteorites. 
Goldschmidt Conference, Pennsylvania State University. 

Ulmer, G. C., Grandstaff, D. E., Woermann, E., and Schbnitz, 
M. (1995). Equilibrium stability of SiC (Moissanitel. 
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 dissolution. Materials 
Research Society, Abstracts with Programs, Boston, MA. 

Betts, J. and Grandstaff, D. E. (1997). Geochemical 
variations with depth in vadose ~one fluids in the 
glauconite-rich Hornerstown Formation, New Jersey. 
(abstract). Abstracts with Programs, Geol. Soc. Am. 
Northeast Section. 

Harvey, A. and Grandstaff, o. E. (1997). Environmental 
reconstruction in the Duncannon 'Member, Catskyll Formation 
(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 12 • 

c~ 
'·-. 

• 

• 



 

 Information Only 

• 

• 

• 

..a.- 1:;1- I ;:::t::";lf """;~()Mf·i 

Nama: Grandst.ff, David E. 

PUBI.ISBED RESEARCH JU:POR:l'S: 
Moore E.L., Ulmer G.C. 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 
Hydrothermal reactions in 
fuel/groundwater/basalt. Rockwell 
BWI-BP-004, 18 p. U.S.· DOE. 

Grandstaff D.E., 
the system 

Hanford Document 

1982. 
spent 

No SD-

Grandstaff D.E., McKeon G.L., Moore E.L., and Ulmer G.C., 
1983. Reactions in the system basalt-simulated spent fuelwater. Rockwell Hanford Doc. No. RHO-BW-SA-317?, U.S. DOE. 

Moore E.L. Ulmer G.C., and Grandstaff D.E., 1984. 
Hydrothermal interaction of Columbia Plateau basalt from the 
Umtanum Flow wl.th its co-existing groundwater. Rockwell 
Hanford Document No. SD-BWI-BP-003, 26 p. DOE . 

Myers J., Ulmer G.c., Grandst'aff D.E., Brozdowski R., 
Danielson M.J., and Koski O.H., 1984. Tech.~ques for 
monitoring Eh-pH conditions in hydrothermal experiments. 
Rockwell Hanford Document RHO-BW-ST-049P, 39 p. U.S. DOE. 

Grandstaff D.B. and Ulmer G.c., 1985. Buffering capacity and 
redoY. control in water-rock systems. Rockwell-Hanford 
Document SD-BWI-TI-298. U.S. DOE. 

MASTER'S :l'BESES SUPERVISED: 

Sleight, Mary C. Aluminum concentrations in the Mullica 
River-Great Bay estuary, New Jersey. 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. 
1979. 

Moore, Elizabeth L. Hydrothermal interaction of Columbi.a 
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 100o, 
200o, and 300oc and at 30 MPa (300 bars). July 1984. 

Edelman Michael J. Description and implicatons of the 
chemistry and mineralogy of three early Precambrian 
paleoweathering profiles from south Africa. 1985. 

Kern, Rosemary A. A comparison of the hydrothermal s~ability 
of the Columbia Plateau basalts from the Umtanum and 
Cohassett flows at 100", 200•, and 300DC; 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 200o and 
300oC and 30 MPa. April 1988. 

Lazaar, Paul I. A study of the hydrothermal stability of 
copper as a con~ainer material for a nuclear waste 
repository. June 1988 

Foster Ruth W. Discription of early Precambrian paleosols, 
implications for the Precambrian atmosphere. 1986. 

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 Tuff 
(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 J~rsey. (August 1991). 

Grassi, Vincent. Hydrothermal experiments on Topopah Springs 
Tuff, Implications for nuclear waste disposal (January 
1993). . 

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 estuary of the Great Egg Harbor River, New Jersey (July 1994). 

Jones, 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 events 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: 
MASTEll' AND DOCTO!UU. COMMITTEE SERVI:CE Ill ADDITION TO S1'0DJ!:NTS YOO SOPDVISEO: 

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 Weiss 1985 
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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, 1996 
Natalie Flynn, 1996 
Takahashi Shinkawa, 1997 

Ph. D. Dissertations (committee member). 

Ruth W. Foster (Department of Environmental Engineering, 
Rutgers University, 1994). 

Michael J. Palmieri, Jr. (Department of Chemistry, Temple 
University). 

PROFESSIONAL MEMBERSHIPS: 
Geochemical Society 1973-
International Association of Geochemists and Cosmochemists 
1985-
American Geophysical Union 1973-
American Ceramic society 1988-
Materials Research Society 1983-
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MICHAEL B. GROSS, Ph.D. 
21 Tradcwind Passage 

Corte Madera, CA 94925 
(415) 924-5111 (Voice and Fax) 

hngross@marin.k12.ca.us 

Ph.D., Mechanical Engineering, University of California, Berkeley, 1975 
M.S., Physics, Harvard University, 1968 
B.A., Mathematics, Jolms Hopkins University, 1967 

SUMMARY: 
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ORIGINAL 

Dr. Gross is a senior ensineer and computational expert with over 27 years of professional 
experience. This experience includes programs and studies involving geologic (rock mechanics) 
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 nuclear reactor safety issues, and the response of underground 
structures to seismic and nuclear weapons effects. The performance assessment experience 
includes work for the Waste Isolation PUot Plant, for the Yucca Mountain Project and for a 
proposed high-level waste repository in Japan. The desisn experience includes development of 
the conceptual design for the underground facility and sealing system for a proposed high-level 
waste repository in salt. 

From 1988 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 of3SO people performing environmental 
engineering, geo1eclmical 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, J99S ·Present; President, Mi~hael Gross Enterprises 
Dr. Oross is an independent consultant specializing in geotechnical studies, computational studies 
and modeling, and project management. Recent assignments have included pcrfoJ:mance 
assessment of the Waste Isolation Pilot Plant (WIPP) in New Mexico, support to the development 
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of a nuclear waaw repository in Japan, and oversight of a project in dis1ribution autmnation with 

PG&E. For the WIPP Project, Dr. Gross is performing system-level performance calculations of 

1he mechanical and hydrological response of the repository, wi1h an emphasis on direct release 

models for cuttingslcavings, spallings and brine blowout, plus analyses of hydrological releases 

1hrough the Culebra. The support for a Japanese high-level waste repository has included 

activities related to software quality assurance and database management for performance 

assessment. 

December, J 993 ·January, J 995: Director of Business Develcpment, EnergyLtne Sysums. 

Dr. Gross was managing business development activities at EncrgyLine Systems, wbich develops 

and manufactures microprocessor-based controls for elcc1ric power utilities and the commercial 

HVAC indus1ry. Hia primary focus for EnergyLinc was in Asia, where he was developing real· 

time communications and control systems for elcc1ric power dis1ribution in China and Southeast 

Asia. Through these activities he is familiar with the control and Communications issues that are 

important for dis1ribution automation and home automation in the evolving deregulated markets 

for elcc1ric power utilities. 

1988- 1993: Deputy Group Manager and Corporate Vice President, SAIC. 

As Deputy Group Manaser of the Environmental Services & Tecbnology Group, Dr. Gross was 

instrumental in growing a business unit from $21M to $47M in revenue . while meeting 

I 
el 

profitability goals 1hrough 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-to-day managemcut of a S1llff of 3 SO enginecn, 

scientists and their support personnel. He was also 1he 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 1he Yucca Mountain Project. Dr. Gross worked wi1h DOE pcnonnel in support of 

1he ongoing performance assessment efforts at 1he National Laboratories. 

• Support for performance assessment activities by 1he PNC in Japan for development of 1hat 

nation's high-level nuclear waste repository. Dr. Gross performed code surveys and partici

pated in planning activities for an interactive, user-friendly pcrfcmnance assessment system. 

• Key au1hor for a Congressionally-mandated report on 1he U.S. Anny's Chemical Dcmilitariza· 

tion Program. Dr. Gross analyzed various chemical and biological alternatives for deS1rllction 

of the U.S.stockpile of chemical weapons and wrote major sections of1he report The results 

and recommendations from 1hese analyses were also presented to a Committee of 1he National 

Academy of Sciences. 
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1983 - 1988: Manager ofGeomechanics Division and Assiatant VIce President, SAIC. 
As division manager, Dr. Gross was responsible for a 10-1.5 person staff performing computa
tional studies in 1he areas of underground structural responae, high-level nuclear waste 
repositories, and nuclear reactor safety. Major project experience during this period included: 

• 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 1he 
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 scaling system of a high-level nuclear waste -repository in salt Materials 
included clay/earthen materials, cernentitious materials and crushed salt backfill. Analytic 
efforts included detailed design calculations for individual seals as well as a global, semi
analytical computlltional method. This effort involved a stllff of approximately 20 full-time 
equivalents, two subcontractors and a budget of $2.5 million annually. Client was the Office 

· ofNuclear W astc Isolation. 

• Task Leader for Thermomechanical Analyses for Repository Design. Dr. Gross managed a 
staff of 3 to S people pcrfonning geotechnical and gcomechanical calculations in support of 
the conceptual design of an underground geologic repository in salt (for high-level waste). 
The main emphasis was on thermal, mechanical and thennomechanical calculations for design 
of the repository (rooms and general layout), for design of the shafts and for design of the 
sealing system, This three-year project involved extensive interactions wi1b a design team 
covering nuclear, mechanical, electrical, mining and earth sciences disciplines. Dr. Gross was 
also the lead engineer for conccptllal design of the repository sealing system. Client was the 
Department of Energy. 

In addition to these major projects, Dr. Gross supervised numCI'OIIs smaller projects in (i) 
applications of finite-element programs for structural response, and (ii) calculations of 1ransicnt 
nonlinear events. Examples include response of structures to nearby explosions, slidcplancs for 
three-dimensional calculations, development of a nonreflecting boundlll}' to simulate infinite 
media and the thcnnal hydraulic analysis of nuclear rc~ piping system• via the TRAC code. 

1975-1983: SenlorSclent11t and Project Manager, SAIC. 
Dr. Gross developed and applied finite-difference and finite-element computer programs to a wide 
variety of geomechanics and fluid-stricture interaction problems. The geomechanical analyses 
have included thermal, mechanical and thermomechanical analyses ofunderground structures. The 
fluid-structure interaction analyses have involved nonlinear, large deflection structural response 
for nuclear reactor safety calculations and accident analyses for explosives and ordnirice . 
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During this period, Dr. Gross was Project Manager for the Asynui!etri~: Loads Project In this 

role he developed advanced ~:omputl.ticmal methods to simulate the response of the intmW 

~:omponents of a nu~:lear reactor (PWR) during a Loss-of-Coolant-AQQident This project bad a 

total budget of $2.5 million and an average staff of 3-4 people ov« a four year period. Major 

software developments in~:luded: (i) a method to ~:ouple a one-dimensional grid to two- or 1brec

dimensional finite-diff~ grids, (ii) a method to ~ple two-dimensional and three

dimensional finite difference programs for fluid response to the corresponding finite-element 

programs for structural response. These calculations produced excellent agreement with the 

=xpcrimental dati.. The client for this project was the Electric Power Research Institute. 

1972-1975: Staf!Sclentllt and Project Manager, ArtecAuociatei,Jnc. 

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 

magnetobydrodynamic generator, a blast mufller system and -. bypervelocity de:fbser for 

ordnance. Theoretical calculations of triple-point phenomena, as related to 1he Mach stem for an 

above ground nuclear air blast, were also performed. Clients included 1he Deflmae Nuclear 

Agency and 1he Naval Ordnance Stl.tion. 

1969 • 1972: Staff Scientist and Project Manager, Physics international Company. 

Dr. Gross was involved in =xperimental programs centered on nuclear blast wave simulation, 

• 

including the phenomena of fire-ball, air blast, attenuation of air blast in a line-of-sight pipe and • 

Mach reflection from an above ground blll'lt. Calculations with finite-difftltCilce ~:omputer codes 

were also pcrfonned to assist in the design of complex gasdynamic experiments. Major client 

was the Defense Nuclear Agency for the nucloar simulations. 

1968 ·1969: Project Engineer, Naval Ordnance Station. 

Dr. Gross participated in projects to develop and improve Naval ordnance. 

REFERENCES 

Available upon request 
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Paul R. LaPointe 

Education 

Experien<:e 

1992 to dOle 

1984. 1992 

19K2 • 1984 

l!lil·l982 

B.A., M>l2Jlll Cum Llude in Geology, Amhcrlil College, 1974. 
B.A.. Spanish, Amherst College, 1974. 
M.S., G<:ology, University of Wisconsin. Madison, 1976. 
Ph.D., Mirting Enginocring, Univcnily of Wisconsin, Madison. 1980. 

Golder Associates Redmond. Washington 
Senior Projt!Cl MtJIIager. then Associate 
Rf:sponsiblc for JWIDilgemcnt and technical direction of res<m>ir cneinccring 111111 
cllaractcrization pr<!ie<:tS for dorn=stic and inU:rwniooal pcttolc:um companies. Projc:cts 

have included g«>logical analysis, reservoir characleri7lllion and flow simulation far 

fracnued rr:servoiiS in Europe. Canada nnd the Urtited SlateS, Objectives a{ these 
simulations include gas delivenbility, ultimate foeld rcc:cMOIY. field design and 
production strategies. Dr. LaPointe bas served as an invited indusuy expert 10 review 
tnethodology for the U.S. Gwlogical Survey's congn:ssionally·mandatcd National 
PetroleUm Resow" Asses.uoonL ln addition, he has performed tec:hnic:al an.-'11~ for a 

v-.uicty of hazardous waste-relate<! projects in the U.S. and abroad in which flow through 

rock fracture !JYSICIDS is a prontinent concern. He is a co-teacher of workshops and ahon 

conrscs in fr•ctal geomc~~y and 8<05~'tisties for the American Association of Petroleum 

Geologists, the Geologkal Society of America, the lDtcmational society for Roo:k 
Mechanics and for privote conlp3Jiies in the petroleum and nuclcat wa•te indunries, and 

has tungbt C'.older A5sociatcs' workshops on fmcRin:d rock mass c:llaraiOicri""tion and 

Oow modeling to major i111egrate<! oil and gas companies at their facilities in North 
An~erica and Europe. He has boen an author or cc.aothor of papers and monographs in 

reservoir geology .and engineering. and session arg.'tnia.r and Wilman for national 

technical society .-ings in the petroleum industry. 

ARCO Oil & Gas Co. 
Prindpal Cum/agist 
TcchniCD/ Coordinator, Mathematical Geology (/988 to 1!192) 

Acting Reseun:h Director, Geologiccli lnterpnrntion T<chniqu<.• (1990) 

Responsible for itknti(ving, planning, coordinalirlg and c:anying aut. original r......-cli 

and technical supPOn in Slatistical, ~eostatistical and fractal methods. Applications 

include fractured reservoir aoalJ-sis, rcsou= assessment. complex pattern recognition in 
Stochastic systems, structural modeling and Geographic Information System 

development to suppon explor•tion an~ r=rvoir dc.-elopment activities. 

ARCO Oil & Gas Co. 
Seniur Geologist 
Responsible for coordinating and planning research on Oow in nalwal fractured systems 

and lhc development and application of gCOSialislical and liDite element codes to 

prublcms of exploration, n:scrvoir e.'(ploitation. and cnginecrins. 

A RCO Coal and A nar:onda Minerals r:ompanies 
.~nior Engineer 
R<:sponsiblc for geotechnical investigations and nuntmc:al modeling of in·stW ooal 

gasification processes. fragmentation analysis of coal blasting. aud fugitive dust 

probkms in coal mines. 
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Paul R. LaPointe 

19110. 1981 Wisamsin Engineering Experiment Station 
Associ111e £nfinur 

R.::spoasib1c for oarryi"i out field &tUdic5 and nuiDOiical •naiYKS of candidate ailco for 

sup:n:ondw:tlvc ma8ftelic energy storage units. Dcvis&:d gcostatistical m"'bod• for 

clwacteri2ing natur.ll rock jointing and enginecrinll JOCII: pn>peJties. and cle>eloped 

methods for incoJPDraling spatially condatcd properties in fJ11itc clement models. 
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Robert J. Mutaw 

Vita/Resume 
May, 1997 

Assistant Project Archaeologist 
Woodward-Clyde Federal Services 

Office Address: 4582 South tnster Street, Suite 1200 
Denver, CO 
Phone: (303) 796-4617 
FAX: (303) 694-3946. 

Doctor of Philosophy in Anthropology, 
University of Colorado, 1986. 

Master of Arts in Anthropology, 
University of Colorado, 1982. 

Bachelor of Arts in Anthropology, 
Southern Illinois University, 1979 . 

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 repons, research and authorship ofEA and EIS 
cultural resource ponions, and assisting with the preparation of 
proposals in response to solicitations for a variety of environmental 
and engineering services. 

1995-1996, Senior Staff Archaeologist, Woodward-Clyde Federal 
Services, Denver, CO. 

1992-1995, Project Director, Native Cultural Services, 
Boulder, CO. Responsibilities included project administration, 
repon 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 I 993 
excavations at Rock Creek Camp; research and preparation of the 
archaeological sections for the Central City Water Development 
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Employment Historv. cont.: 

Project EIS; historic archaeology monitoring for the CC & V Gold 

Mining Company's Cresson Project. 

• 
1982-1995,-Part-time Instructor, Division of Continuing 

Education, University of Colorado, Boulder, CO. Instructor of 

introductory anthropology and physical anthropology classes. 

~' 
(·~) 

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 (5DV3041); laboratory director for curation and analysis of 

artifacts recovered during data recovery projects at SDV30 17, 

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 Dakota; curation of artifacts from Colorado, 

Wyoming, Kansas, and North Dakota; excavation at site SAH380, 
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Emplovment 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, Department of 

Anthropology, University of Colorado, Boulder, CO. 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 in 

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 

Archaeological 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. '--), 

Honors: 

Assisted in the analysis of a skeletal collection from Barbados. 

1979-1980, Archaeological Laboratory Technician 

Department of Anthropology, Southern Illinois University, 

Carbondale, IL., Carrier Mills Laboratory, Center for 

Archaeological Investigations, washed, sorted, and cataloged 

artifacts from Woodland and Mississippian period sites in southern 

Illinois. 

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 

Archaeological Society (1993-1996). 

• 
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Cultural Resource Management Reports: 

1995 
1995 
1995 

1995 

1994 

1994 

1993 

1993 

1993 

1993 

1993 

1993 

1993 

1993 

1993 

1993 

1993 

1992 

1992 

Osteological Analysis ofCHS Burial #97. Woodward-Clyde. 
Osteological Analysis ofCHS Burial #98. Woodward-Clyde. 
Cultural Resource Inventory of the Mt. Sanitas Open Space and Related 
Parcels, Boulder County, Colorado. Native Cultural Services. 
Sunshine Properties Easements and Trash Dump Area Cultural Resource 
Inventory, Boulder County, Colorado. Native Cultural Services. 
Andreas NUPUD Cultural Resource Inventory, Boulder County, Colorado. 
Native Cultural Services. 
Archaeological Testing of Sites 5MR204 and 5MR205, Morgan County, 
Colorado. Native Cultural Services. 
Cultural Resource Inventory of Portions of the South Boulder 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 5LR42, 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 ofF our 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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1992 Cultural Resource Survey of Four Fence Exclosure Locations on the 

Pawnee National Grassland, Weld County, Colorado. Native Cultural 

Services. 
1992 Cultural Resource Inventory for the Proposed Chase Gulch Reservoir and 

Eureka Gulch Wetlands Mitigation Area, Gilpin County, Colorado. Native 

Cultural Services. 

1992 A Cultural Resource Reconnaissance of the Dawson Property, Boulder 

County, Colorado. Native Cultural Services. · 

1992 The Wolford Mountain Reservoir Project: Results ofEvaluative Testing at 

II Archaeological Sites near Kremmling, Grand County, Colorado. 

Powers Elevation Co., Inc. 

1992 Littrell Land Exchange, Cultural Resources Inventory, Gilpin County, 

Colorado. Powers Elevation Co., Inc. 

1992 Central City East Circuit Replacement Line, Cultural Resources Inventory, · 

Clear Creek and Gilpin Counties, Colorado. Powers Elevation Co., Inc. 

!992 Box Elder-Tate Hamlet (5DV30!7): A Multi-component Habitation Site 

in Denver County, Colorado. Powers Elevation Co., Inc. (With: G. C. • 

Tucker Jr. and M. J. Tate). 

1992 Koch Hydrocarbon Company Chase Transportation Denver International 

Airport, 10" Fuel Pipeline, Site 5AM631 Testing, Adams County, 

Colorado, Powers Elevation Co., Inc. 

1992 U.S. Department of the Army, Rocky Mountain Arsenal Headquarters 

Area Parking Lot and Driveway Improvements, Adams County, Colorado. 

Powers Elevation Co., Inc. . 

1992 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). 

1992 A Cultural Resources Inventory of the Denver International Airport 

Priority ill Tracts, Denver County, Colorado. Powers Elevation Co., Inc. 

(With: Marcia J. Tate). 

1991 Jordan Oil and Gas Company, #l"-1 I Jordan Federal Cultural Resources 

Inventory, Weld County, Colorado. Powers Elevation Co., Inc. 

1991 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 

1990 

1990 

1990 

1990 

• 

A Cultural Resources Inventory of the Denver International Airport 

Priorities I & II 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. 
OR YX Energy Company Mazatlan Federal Unit Well Location and Access 

Cultural Resources Inventory, Garfield County, Colorado. Powers 

Elevation Co., Inc. · 

US WEST Communications Basalt Exchange (Cl-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., Inc. 

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. 

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 I through 5, 

Cultural Resources Inventory, Pitkin County, Colorado. Powers Elevation 

Co., Inc. 
Horsetooth Reservoir South Shoreline Cultural Resources Inventory, 

Larimer County, Colorado. Powers Elevation Co., Inc. (With R. Laurie 

Simmons and Christine Whitacre). 

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. J. 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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1989 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

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 Iitventory, Garfield County, 

Colorado. Powers Elevation Co., Inc. 

Divide Creek Unit #50 (Access), Cultural Resources Inventory, Mesa 

County, Colorado. Powers Elevation Co., Inc. 

Divide Creek Unit #49, Cultural Resources Inventory, Mesa County, 

Colorado. Powers Elevation Co., Inc. 

Divide Creek Unit #48, Cuhural Resources Inventory, Mesa County, 

Colorado. Powers Elevation Co., Inc. 

#14-3 I Federal Cultural Resources Inventory, Moffat County, Colorado. 

Powers Elevation Co., Inc. 
Strat Land Exploration Cultural Resources Inventory Federal 2-12, Baca 

County, Colorado. Powers Elevation Co., Inc. 

A Cultural Resources Inventory of the Proposed WWD Line from Well 

#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 #I Good Thing, Monon 

County, Kansas. Powers Elevation Co., Inc. 

A Cultural Resources Inventory of the Proposed East Burke Ranch Unit 

#IS 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. 
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. 
1989 Archaeological Studies at the New Denver International Airpon. Powers 

Elevation Co., Inc. (With M.J. Tate, B.P. O'Neil and.G.C. Tucker Jr.) . 

• 
~> ~·J 

• 
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Cultural Resource Management Reports. cont.: 

1989 

1989 

1988 

1988 

1988 

1988 

• 1988 

1988 

1988 

1988 

1988 

• 

A Class Ili Cultural Resources Inventory of the Amoco Elk Basin C02 

Pipeline. Powers Elevation Co., Inc. (With G.S. Newberry, M.J. Tate, and 

P.O. Friedman). 
Cultural Resources Inventory of Betts Ranch, Douglas County, Colorado. 

Powers Elevation Co., Inc. (With M. Tate and P. Friedman). 

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.O. Friedman). · 

Report on the Data Recovery Program at Site 5AH380 for the City of 

Aurora Senac Dam Project, Arapahoe County, Colorado. Powers 

Elevation Co., Inc. (With B. O'Neil, M. Tate and P. Friedman). 

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. 
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 . 
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. 
A Class I Cultural Resources Literature Review for the Proposed Amoco 

Salt Creek Unit and Proposed C02 Pipeline Project. Powers Elevation Co. 

Inc. (With M.J. Tate, P.O. Friedman, J. Gooding & G.S. Newberry). 

A Class I Cultural Resources Literature Review for the Proposed Amoco 

Raptor Unit and Proposed C02 Pipeline Project. Powers Elevation Co., 

Inc. (With: M.J. Tate, P.O. Friedman, & G.S. Newberry). 

A Class I Cultural Resources Literature Review for the Proposed Amoco 

Little Buffalo Basin Unit and Proposed C02 Pipeline Project. Powers 

Elevation Co., Inc. (With: M.J. Tate, P.O. Friedman, J. Gooding & G.S. 

Newberry). 
A Class I Cultural Resources Literature Review for the Proposed Amoco 

Beaver Creek Unit and Proposed C02 Pipeline Project. Powers Elevation 

Co., Inc. January 5. (With: M.J. Tate, P.O. Friedman, J. Gooding & G.S. 

Newberry) . 
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Publications: 

Articles: 
1996 

1994 

1988 

1982 

1982 

1982 

1980 

Abstracts: 
1988 

1986 

1985 

1984 

1983 

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. 
The Carter Lake Burial: Excavations at 5LR42, Larimer County, 
Colorado. Southwestern Lore, 60(2):4-27. (With: P. Gleichman). 
Variation in the frequency of a notch in the short process of the incus in six 
different human skeletal populations. International Journal of 
Anthropology, 3:199-205. 
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). 
The statistical power of the Plains Anthropologist. Plains Anthropologist, 
27(97):255-257. (With: S. Munson). 
Tooth mutilation in the Caribbean: Evidence from a slave burial population 
in Barbados. Journal of Human Evolution, II :297-313. (With: J. 
Handler and R. Corruccini). 
Meat, markets and mechanical materialism: the protein fiasco in 
anthropology. Dialectical Anthropology, 5:171-192. (With P. Diener and 
K. Moore). 

Anomalies and pathologies in human auditory ossicles. Am. J. Phys. 
Anthropol., 75:252. 
Twenty years of Nubian skeletal research. Am. J. Phys. Anthropol., 
69:242-244. 
Functional aspects of human auditory ossicles as determined by principal 
component analysis. Am. J. Phys. Anthropol., 66:208. 
Principal component analysis: size and shape or mathematical artifact. 
Am. J. Phys. Anthropol., 63:197. 
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 Prehistorv: A Case Study of the 

Moundville Chiefdom, Mary Lucas Powell, 1988, Smithsoriiim Institution 
Press. Southwestern Lore 56(2):40. 

• 

• 

• 
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Symposia 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, Apri112, 1986. 

Invited Panelist: 

Interdisciplinary Forensics: Integrating Anthropologists, Criminologists, Criniinalists 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 5LR42: 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, April12, 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, P A, 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. 
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Presented Pa.pers. cont.: 

An evolutionary model explaining primate mammal consumption. Contributed Paper, 56th 

Annual Meeting, Central States Anthropological Society, Ann Arbor, :MI, 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 I 

I 040 · Principles of Anthropology II 

201 0 Introduction to Physical Anthropology l 

2020 Introduction to Physical Anthropology 2 

2030 Laboratory Methods in Physical Anthropology I 

2040 Laboratory Methods in Physical Anthropology 2 

Metropolitan State College of Denver: 

101 Physical Anthropology and Archeology 

210 Human Evolution 
264 Archaeology 
311 Human Variation 
315 Primate Studies 
498 Human Osteology - Independent Study 

498 Osteological Research - Independent Study 

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. 

25 sections 
II sections 
12 sections 
li sections 
3 sections 
1 section 

8 sections 
5 sections 
l section 
3 sections 
2 sections 
l section 
l section 

• 

• 




