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1. Introduction

The Environmental Protection Agency’s (EPA) regulation, 40 CFR part 194, sets forth
criteria for determining if the Waste Isolation Pilot Plant (WIPP) will comply with EPA’s
‘environmental radiation protection standards for the disposal of radioactive waste, found at
40 CFR part 191 subparts B and C. If the Administrator of EPA determines that the WIPP
will comply with the standards for disposal, then the Administrator will issue to the Secretary
of Energy a certification of ccmpliancc which will allow the emplacement of transuranic
waste in the WIPP to begin, provided that all other statutory requirements have been met. If
a certification is issued, EPA will also use 40 CFR part 194 to determine if the WIPP has
remained in compliance with EPA’s environmental radiation protection standards, once evefy
five years after the initial receipt of waste for disposal at the WIPP. The final preamble and
regulatlon to 40 CFR part 194, as they appear in the Federal Register, take precedence over
any descriptions or mterpretatxons of the final rule that appear in th1s document

This document prov1des much of the necessary background mformatlon and technical
analyses which the Agency used during the development of 40 CFR part 194. The document
exphcates fourteen issues considered by EPA in estabhshmg the md1v1dual criteria contained

. 1n 40 CFR part 194.

-

1.1 EPA’S REGULATORY OVERSIGHT OF THE WIPP

1.1.1 Purpose of 40 CFR. Part 1'94,

The criteria for comphance 40 CFR part 194 lmplement the Environmental Protectlon

- Agency’s (EPA) environmental radiation protection standards, 40 CFR part 191, by applymg
them to the proposed disposal of transuranic rad10act1ve waste in the Waste Isolation leot ’
'Plant (WIPP). The EPA previously promulgated 40 CFR part 191, "Environmental
Radiation Protection Standards for Management and Disposal of Spent Nuclear Fuel, High- -
Level and Trmsuramc Radioactive Wastes,"” to provide standards that will apply to a.Il sites
(except Yu.ccaz,Mountamv)\ for the deep geologic disposal of highly radioactive waste, '
Complete des_criptions o_f 40 CFR part 191 were.published in the Federal Register in 1985
(50 Fed. Reg. 38066-38089, Sep. 19, 1985) and 1993 (58 Fed. Reg. 66398 - 66416, Dec.
20, 1993). The WIPP is subject to 40 CFR part 191, and is being constructed by the
Department of Energy (DOE) near Carlsbad, New Mexico as a potential repository for the
safe disposal of transuranic radioactive waste. The EPA is required by the WIPP Land
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Withdrawal Act of 1992 (Pub. L. 102-579) to evaluate whether the WIPP will comply with
subparts B and C of 40 CFR part 191 -- known as the "disposal regulations" -- and to issue
or deny a certification of compliance. The Department of Energy is required to subniit an
application to EPA that will be the basis of EPA’s evaluation of whether a certification of the
WIPP’s compliance with the disposal regulations should be issued. The Department of _
Energy may not begin to emplace transuranic waste underground for disposal at the WIPP
until such time as a certification of compliance has been issued and all other requirements of
section 7(b) of the WIPP Land Withdrawal Act have been satisfied. With 40 CFR. part 194,
the Agency establishes criteria by which to judge whether the WIPP is in compliance with
the "disposal regulations” and sets forth procedural requirements for this determination.

The criteria for compliance, 40 CFR part 194, also apply to the periodic re-certification of
the WIPP’s compliance with the disposal regulations. The process of periodic re-
certification, established by section 8(f) of the WIPP Land Withdrawal Act, calls for EPA to
determine whether the WIPP continues to be in compliance with the disposal regulations,
assuming that an initial certification-of compliance has been issued. The Secretary of Energy
must submit to the Administrator of EPA documentation of the WIPP’s continued compliance
with the disposal regulations, every five years after the initial receipt of transuranic waste for
| disposal at the WIPP, until the end of the decommissioning phase. The Agency will use the
criteria in determixling whether or not the WIPP will have continued to be in compliance.

- The WIPP was authorized in 1980 under section 213 of the Department of Energy National
Security and Military Applications of the Nuclear Energy Authorization Act of 1980 (Pub. L.
96-164, ,'93 Stat. 1259, 1265), "for the express purpose of providing a research and o
development facility to demonstrate the safe disposal. of radioactive wastes resulting from the
defense activities and programs of the United States.” The waste proposed for disposal in .
the WIPP, transuranic radioactive waste (TRU waste), is.waste consisting of materials such
as rags, equipment, tools, protective gear and sludges which bave become contaminated
during atomic energy defense activitiess. The WIPP Land Withdrawal Act defines transuranic -
waste to be waste containing more than 100 nano-curies per gram of alpha-emitting radlo-
isotopes, with half-lives greater than twenty years and atomic number greater than 92, per
gram of waste. The Act further stipulates that radioactive waste shall not be transuranic
waste if such waste also meets the definition of high-level radioactive waste, has been
specifically exempted from the dxsposal regulations with the concurrence of the
Administrator, or has been approved for an alternate method of disposal by the. Nuclear
Regulatory Commission. The radioactive component of transuranic waste consists of man-
made elements created during the process of nuclear fission, chiefly isotopes of plutonium.
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1.1.2 Overview of 40 CFR part 194

/-

The regulation, 40 CFR part 194, sets forth the criteria against which the WIPP’s compliance
with the disposal regulations of 40 CFR part 191 will be evaluated and is divided into four
subparts, consisting of: ' |

1) Subpart A, which specifies the protocols for submission of certification applicatiohs the
terms of any certification, and the process for any subsequent suspension, modification, or
revocation of comphance status.

2) Subpart B, which outlines the information to be included with compliance applications to
ensure that EPA has adequate information to evaluate the basis for any demonstration of
comphance Subsequent applications for continued comphancc must note any changes in
such information that have occurred since the previous cemﬁcatlon

3) Subpart C, which'implements the specific containment, as@rance, individual, and
groundwater protection requirements of the disposal regulations at 40 CFR part 191.
General requirements, such as those for quality assurance and waste characterization, are
included to ensure that compliance applications are based on reliable information; they also

‘allow EPA‘inspection authority to confirm conditions repcrted in applications. Assessments

of disposal system performance are expressed to show the likelihood of release or exposure

‘occuiting. Performance assessments for releases must account for the frequency and

consequences of potential human intrusion into the repository over the 10,000-year regulatory
time frame, as specified by 40 CFR part 194, Assurance requirements, designed to increase
conﬁdence in the performance of the disposal system include criteria for monitoring of

teposxtory performance, and 1mp1ementanon of engmeered barriers to protect against releases

from the disposal system. =~

4) Subpart D, whxch provides opportumtxes for public participation in the rulemaking
processes for mmal certification of compliance and for modification or revocation of any
certification. It also provides for public input at critical Jlmc_tutes in the re-certification

process. The subpart specifies criteria for notification of the public at-each stage of

rulemakings, holding of public hearings, opportunity for public comment, and creation and
maintenance of public dockets in Washmgton DC, and New Mexico.

b -
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1.1.3 Statutory and Regulatory Basis

40 CFR part 194 was mandated by Congress in section 8(c) of the WIPP Land Withdrawal
Act. The criteria promulgated in 40 CFR part 194 implement only those subparts of 40 CFR
part 191 that apply to the disposal of transuranic radioactive waste. 40 CFR part 194 does
not amend 40 CFR part 191. Subpart A of 40 CFR part 191 applies to the management of
spent nuclear fuel, high-level and transuranic radioactive wastes at sites designated for the
disposal of these wastes and is not the subject of 40 CFR part 194. However, section 9(a) of

~ the WIPP Land Withdrawal Act stipulétes that the Secretary of Energy shall comply with ‘
respect to the WIPP with Subpart A of 40 CFR part 191. With the Energy Policy Act of
1992, Congress mandated the development of regulations to replace 40 CFR part 191 for the -
Yucca Mountain site only, but the entire standard, 40 CFR part 191, remains applicable to
the WIPP. See 106 Stat. 2921, section 801(a)(1). The entire 40 CFR part 191 standard was
developed to establish generally applicable standards for the protection of the general

- environment from radioactive materials, specifically those: disposed of in mined geologic

repositories. The:standard was developed pursuant to the Agency’s authorities under the:

Atomic Energy Act (AEA) of 1954, as amended, and Reorganization Plan No. 3 of 1970

(NIX70). A more complete description of the development of 40 CFR part 191 may be

found later in this chapter. -

1.1.4 Compliance with Other_EnVirgnmental Laws and Regulations

The WIPP is regulated under the Resource Conservation and Recovery Act (RCRA) and is
subject to both the Part B licensing requirements and the land disposal restrictions of that
* statute. The WIPP must comply with other environmental laws, including, among other |
statutes, the Clean Air Act (40-U.S.C. 7401 et seq), the Toxic Substances Control Act (15

- . U.S.C. 2601 et seq) and the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (42 U.S.C. 9601 ¢t seq). The promulgation of 40 CFR part 194 does
not affect the:need for DOE to comply with these and all other applicable envuonmental laws
with respect to the WIPP. -

Much of the waste proposed for disposal in the WIPP is mixed waste, i.e., waste composed.
of both radloactwe and hazardous constituents, the latter’s disposal bemg controlled by the
 regulations set forth under RCRA. As mandated by section 7(a) of the WIPP Land
‘Withdrawal Act, the Secretary of Energy must obtain from the Administrator a determination
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of no-migration under the land disposal restrictions of RCRA, pﬁdr to commencing the
emplacement of waste in the WIPP. A conditional no-migration determination for the now
withdrawn test phase was granted by EPA on November 14, 1990. This conditional
determination must be amended and formal approval granted before disposal of radioactive
waste can begin. - |

1.2 HISTORY OF U.S. POLICY ON GEOLOGIC DISPOSAL

Since the 1940_s, the Federal Government has assumed'_ultimate responsibility for the care and
disposal of high-level radioactive wastes, regardless of whether they are produced by
commercial or national defense activities. To respond to this need, in 1949 the Atomic
Energy Commission (AEC) initiated research and development work on the conversion of
hxgh—level radioactive hquld wastes into a stable, solid form. Then, in 1955, at the request
of the AEC, a Natlonal Academy of Sciences - National Research Council (NAS-NRC)
Advisory Committee was established to consider the disposal of high-level radioactive wastes

‘within the United Statcs. Its réport (NAS57), issued in 1957, recommended the following: :

1. The AEC continue to ‘develop. processes for the solidification of hlgh-
‘level radioactive hqmd wastes, and

2.  Naturally occu:ring salt formations are the most promising medium for
the long-term isolation of these solidified wastes.

» Project Salt Vault, éonducted ﬁ"orn 1965 to 1967 by the AEC in an abandoned salt mine near

Lyons, Kansas, was initiated to demonstrate the safety and feasibility of handhng and storing
solid wastes in salt formations (MCC70).

In‘ 1968, the AEC agéin' askéd the NAS-NRC to establish a Committee on Radioactive Waste
Management (CRWM) to advise the AEC concerning its long-range radioactive waste

management: platmand to evaluate the feasibility of disposing of solidified radioactive wastes

in bedded salt: - The: CRWM convened a panel to discuss the disposal of radioactive wastes in
salt mines. Based on the recommendations of the panel, the CRWM concluded that Jbedded
salt is satlsfactory for the dlsposal of radioactive wastes (NAS70)

In 1970, the AEC announced the tentative selection of a site at Lyons, Kansas, for the
establishment of a national radioactive waste repository (AEC70). During the next two
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years, however, in-depth site studies raised several questions concerning the safe plugging of
old exploratory wells and on proposals for expanded salt mining activities. These questions

and growing public opposition to the Lyons site prompted the AEC in late 1971 10 pursue
altematlves (DOU72).

The Federal Government intensified its program to develop and demonstrate a permanent
disposal method for high-level radioactive wastes and the Office of Management and Budgét
(OMB) established an interagency task force on commercial wastes in March, 1976. The
OMB interagency task force defined the responsibility of each Federal agency involved in
‘high-level waste management, including the preparation of environmental standards for high-
level wastes by EPA (LYN76, ENG77a, ENG77b).

A status report on the management of commerc1a1 radloactxve nuclear wastes, published in
May 1976 by the President’s Federal Energy Resources Council (FERC), emphasized the
need for coordination of administration policies and programs relating to energy. The FERC
established a nuclear subcommittee to coordinate Federal nuclear policy and programs to - 4
assure an integrated government effort. This report called for an accelerated, comprehensive
government radioactive waste program plan and recommended the formation of an ‘
interagency task force to coordinate activities among the respOnsible Federal agencies. EPA
was given the responsibility for establishing general environmental standards governing waste
disposal activities (FER76).
In 1976, President Ford issued a major policy statement on nuclear waste. As part of his
comprehensive statement, he announced new steps to assure that the United States would
have facilities for the long-term management of nuclear waste from commercial power
plants. The President’s actions were based on the findings of the OMB interagency task
.force formed in March 1976. He announced that the experts had concluded that the most’
practical method for disposing of high-level radioactive wastes is in geologic repositories
located in stable formations deep underground. EPA’s responsibilities were better defined to
include 1ssumg general environmental standards governing nuclear waste facility releases to
- the biosphere above natural background radiation levels (FOR76). These standards were t0
place a numerical limit on long-term radiation releases outside the boundary of the

- repository.
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In December 1976, EPA announced its intent to develop environmental radiation protection
criteria for radioactive wastes to assure the protection'of public health and the'general
environment (EPA76) These efforts resulted in a series of radioactive waste disposal
workshops, held in 1977 and 1978 (EPA77a, EPA77b, EPA78a, EPA78b).

In 1978, President Carter established the Interagency Review Group (IRG) to recommend an
administrative policy for addressing the long-term mariagement of muclear waste. The IRG
was to recommend programs that would support the policy when adopted. The IRG report
re-emphasized EPA’s role in developing generally applicable standards for the disposal of
high-level wastes, spent nuclear fuel, and transuranic wastes (DOE79). In a message to
Congress on February 12, 1980, the President outlined the content of a comprehensive
national radioactive waste management program based on the IRG recommendations. The
message called for an interim strategy for disposal of high-level and transuranic wastes that

~ would rely on mined geologic repositories. The mess'age'repeated that EPA was responsible
for creating general criteria and numerical standards for nuclear waste management acnvmes
(CARR0).

1.2.1 EPA’s Development of the Generally Applicable 40 CFR part 191

 In November 1978, EPA published proposed "Criteria for Radioactive Wastes," which were
intended as Federal Guidance for storage and drsposal of all forms of radioactive wastes
(EPA78c). In March 1981, however, EPA withdrew the proposed criteria because the many
different types of radioactive wastes made the 1ssuance of generlc disposal guidance too
problematic (EPASI).

" In 1982, under the authority of the Atomic Energy Act of 1954, EPA proposed a set of
standards under 40 CFR part 191, "Environmental Standards for the Management and
Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes" (EPA82).
Shortly afterrt;hqr;publication of EPA’s proposed rule, Congress passed the Nuclear Waste
Policy Act of i982 wherein EPA was to ".. ...promulgate generally- applicable standards for
the protectlon of the general envuonment from off-site releases from radloactlve matenal in
repositories..." not later than January 1984 (NWPS83).

After the first comrnent period on the proposed rule ended on May 2, 1983, EPA held two
public hearings on the proposed standards—one in Washington, D.C., on May 12-14, 1983,

17




. and one in Denver, CO, on May 19-21, 1983--and during a second public comment period
requested post-hearing comments (EPA83a, EPA83b). More than 200 comment letters were
received during these two comment periods, and 13 oral statements were made at the public
hearings. Responses to comments received from the public were subsequently published and
releascd in August 1985 (EPA85a).

In parallel with its public review and comment effort, the Agency conducted an independent
' scientific review of the technical basis for the proposed 40 CFR part 191 standards through a
special Subcommittee of the Agency’s Science Advisory Board (SAB). The Subcommittee
held nine public meetings from January 18, 1983, through September 21, 1983, and later
prepared and released a final report on February 17, 1984 (EPA83c, SAB84). The SAB
review found that the Agency’s analyses in support of the proposed standards were
comprehensive and séientiﬁcally competent, but contained séveral recommendations for _
improvement. The report was publicly released on May 8, 1984, and the public was
requested to comment on the findings and recommendations (EPA84). Public responses to
the SAB report were subsequently presented and released in August 1985 (EPAS85b). :

On February 8, 1985, the Natural Resources Defense Council, the Environmental Defense
Fund, the Environmental Policy Institute, the Sierra Club, and the Snake River Alliance -
brought suit against the Agency and the Administrator because they had failed to comply
with the January 7, 1984, deadline mandated by the NWPA for promulgation of the
standards. A consent order was. negotiated with the plaintiffs that required the standards to

be promulgated on or before August 15, 1985. EPA issued the final rule under 40 CFR part

191 on that date (EPA85c, EPA85d EPAg5e).

EPA standards were divided into two main sections, Subparts A and B. Subpart A addressed

. the management and storage of waste. For any disposal facility operated by DOE and not
regulated by the Nuclear Regulatory Commission (NRC) or by Agreement States, under
Subpart A of:the standard, the exposure limits to any member of the general public wére 25
millirem (mré’in) to the whole body and 75 mrem to any critical organ. For facilities
regulated by the Nuclear Régulatory, Commission or Agreement States, the standards adopt
the annual dose limits given in 40 CFR part 190, the environmental standards for the
uranium fuel cycle: 25 mrem to the whole body, 75 mrem to the thyr01d and 25 mrem to
the critical organ. '

1-8

e siepi



~ Subpart B imposed limits on the release of radioactive materials into the environment

following closure of the reposrtory The key provisions of Subpart B were:

o L1m1ts on cumulative releases of radioactive matenals into the
environment over 10,000 years

. Assurance requrrements to compensate for uncertainties in achieving the
desired level of protection;

e . Individual expoSure limits based on the consumption of groundwater
~and any other potential exposure pathways for 1,000 years after
disposal; and

. Groundwater protection requirements in terms of allowable radionuclide
concentrations and associated doses for 1,000 years after disposal.

§191.15 and §191.16 of Subpart B limited the annual dose to any member of the general
public to 25 mrem to the whole body and 75 mrem to any critical organ. The groundwater-
concentration for beta or gamma emitters was limited to the equivalent yearly whole body or
organ dose of 4 mrem. The allowable water concentration for alpha emitters (including
radium-226 and radium-228, but excluding radon) was 15 picocuries/lirer. For radium-226

‘and radium-228 alone, the concentration limit was 5 picocuries/liter.  Appendix A of the

standards provided cumulative release limits for other radionuclides.

In March 1986, five environmental groups, led by the Natural Resources Defense Council,

and four States filed petitions for a review of 40 CFR part 191 (USC87). These suits were
consolidated and argued in the U.S. Court of Appeals for the First Circuit in Boston The
main challenges concerned:

1. Violation of the Safe Drinking Water Act (SDWA) underground
vmjecuon requirements;

2. Inadequate notice and comment opportumty on the groundwater
protection reqmrements and -

3. | Arbitrary standards, not supported in the record or not adequately o
' _ explamed _



In July 1987, the Court rendered its opinion and noted three findings against the Agency and
two favorable judgments. The Court’s action resulted in the remand of the standards. The
Court began by looking at the definition of "underground injection," which is the "subsurface
emplacement of fluids by well injection.” A "well" is defined by the SDWA and EPA as a

- shaft "bored, drilled, or driven where the depth is greater than the largest surface
dimension.” A "fluid" is a material or substance that flows or moves whether in a semi- -
solid, sludge, gas, or any other form or state." In the view of the Court, the method
envisioned by DOE for disposal of radioactive wastes in underground repositories might fit
both of the latter definitions and would "likely constitute an underground mjectlon under the
SDWA."

Under the'SDWA, the Agency is required to assure that underground sources of drinking
water will not be endangered by any underground injecﬁon."‘\With regard to -such potential
endangerment, the Court supported part, but not all, of the Agency’s approach. - A
dichotomy appeared when endangerment was considered inside the ° "controlled area" versus
beyond the controlled area (i.e., in the accessible environment). Inside the controlled area
the Court ruled that endangen‘nent of groundwater was permitted. Therefore, EPA’s

approach of using the geological formation as part of the containment was valid. However,
outside the controlled area where enda.ngerment would not be permxtted the Court found that
§191.15 as promulgated would endanger drinking water supplies. In the context of the
SDWA enda.ngerment occurs when doses are higher than that allowed by the Primary
Drmkmg Water Regulations. §191. 15 permits an annual dose of 25 mrem to the whole body -
and 75 mrem to any critical organ from all pathways. On the other hand, the regulations
under the SDWA allow only 4 mrem doses from drinking water. The Court recogmzed thét
less than 4 mrem may result from the groundwater pathway, however, it reéjected this

~ possibility because the Agency stated that radioactivity may eventually be released mto the
‘groundwater system near the repository which could result in substantially higher doses.
Therefore, the Court decided that a large fraction of the 25 mrem could be received through |
the groundwater exposure pathway. Accordingly, the Court found that the high-level waste
standards should have been consistent with the SDWA, or the Agency should have explamed
that a different standard was adopted and justified its position. /

The Court also noted that the Agency was not incorrect in promulgating\the’ proposed |
standards, but that the Agency neither acknowledged the interrelationship of the SDWA and
HLW rules, nor did it adequately explain the divergence between them. The Court also ”

)
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supported the petitivoner’ys argument that the Agency arbitraiily selected the 1,000-year limit

for individual protection requirements (§191.15) under undisturbed performance. The Court
. indicated that the 1,000-year criterion is not inherently flawed, but the administrative record

and the Agency’s explanations did not adequately support this choice. The criterion was
remanded for reconsideration and a more thorough explaration for its basis. Finally, the

- Court found that the Agency did not provide adequate opportunity for notice and comments

on §191.16 (Groundwater Protection Requirements), which was added to Subpart B after the

standards were proposed. Tlus section was remanded for a second notice and comment

opportumty

In August 1987, the Justice Deparnnent petitioned the First Circuit Court to reinstate all of
40 CFR part 191 except for §191.15 and §191.16, which were originally found defective.
The Natural Resources Defense Council filed an opposing opinion. In response, the Court

issued an Amended Decree that reinstated Subpart A, but continuéd the remand of Subpart B.

On October 30, 1992, the President signed the WIPP LWA. This Act reinstated Subpart B
of 40 CFR part 191, except §191.15 and §191.16, and required the Administrator to issue
final disposal standards. The remstatement of these regulatlons does not apply to the

- characterization, hcensmg, construction, operation, or closure of any site required to be

characterized under the NWPA Section 113(a)' of Public Law 97-425. -On December 20,
1993, EPA issued amendments to 40 CFR part 191 which: - eliminated §191.16 of the
original rule; altered the individual protection requn'ements and added Subpart Con
groundwater protection. The amended standards represent the Agency’s response to the
above legislation and to the issues raised by the court pertaining to individual and

. groundwater requirements. EPA did not revmt any of the regulations reinstated by the
- WIPP LWA. : :

1.3 PURPOSE_AND SCOPE OF THE BACKGROUND INFORMATION DOCUMENT

‘ThJS Backgm:md Informatlon Document (BID) prov1des much of the necessary backgnound

information and technical ana.lyses which support the Agency’s development of 40 CFR part
194. The BID exphc_ates fourteen issues considered by EPA in establishing the individual
criteria contained in 40 CFR part 194. For clarity of presentation, the issues generally have
been arranged to correépon’d to their relative placement in 40 CFR part 194. Following are
brief descriptions of the remaining chapters:: | -

1-11

) Lot i s e b




' GENERAL REQUIREMENTS
Chapter 2 - An assessment of the DOE Quality Assurance (QA) program as it
relates to site characterization, data gathering, data analysis, and data modeling
at the WIPP. DOE, EPA, NRC, and other QA guidance are examined.

Chapter 3 - A discussion of the use of appropriate models in the WIPP
performance assessment

Chapter 4 - A review of the DOE TRU waste characterization program.

Chapter 5 - A review of background information and technical analyses
relevant to future state assumptions.

Chapter 6 - A discussion of the formal use of expert judgment in scientific
investigation and how the technique has been applied at the WIPP.

Chapter 7 - A review of peer review procedures and a discussion of their
application in the WIPP assessments.

. | - CONTAINMENT REQUIREMENTS
Chapter 8 - A discussion of background information on evaluation of \
uncertainty, and a summary of regulatory approaches for dealing wrth
uncertainty, including “reasonable expectation."”

*Chapter 9 - A discussion of resource _d:illing and mining.

~ ASSURANCE REQUIREMENTS

Chapter 10 - A discussion of regulatory requirements relevant to active
institutional controls at the WIPP and DOE proposed action.

Chapter 11 - A review of issues relevant to monitoring, including the necessity
for monitoring and potential techniques for pre- and post-disposal monitoring.

f Cha.pter 12 - A discussion on the use of passive institutional controls, izieluding'

permanent markers, pubhc records and archives, and government ownershlp
‘ and regulations. - : <

Chapter 13 - A review of’ the regulations concerning engmeered barriers and
consideration of engineered barriers at the WIPP.

Chapter 14 - A discussion on the development of compliance eriteria for -
individual and groundwater protection requirements.
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2. Quality Assurance Program
2.1 INTRODUCTION

Quality assurance is the set of planned and systematic actions necessary to provide adequate
confidence that a structure, system, or component will perform satisfactorily in service
(ASM89a). Standard "good practice” may lead to a quality outcome and it is possible that
quality outcomes will result without the imposition of a formal program. However,
formélizing this process helps to assure a quality outcome and the lack of formality can

'impede the demonstration of the outcome’s inherent quality. Because of the need to provide

confidence that the WIPP will comply with federal and state disposal standards, a carefully
structured quality assurance (QA) program is essential.

DOE’s ability to\demonstrate compliarxce with the regulatory requirements of 40 CFR part
191 Subpart B, Environmental Standards for Disposal, and Subpart C, Environmental

Standards for Ground Water Protection, depends in large part on the adequacy of its quality
assurance (QA) program. Demonstration of an appropriately implemented QA program can 4

provide confidence in the soundness of information and scientific data, thus enabling greater
defensibility for the technical basis of those measures intended to ensure waste isolation.
This is especially true in relation to establishing and maintaining the integrity of data and
models which form the technical basis of the WIPP’s performance assessment (PA) process.
In §194.22, EPA has specified criteria aimed at ensuring the soundness of DOE’s QA
program for modeling and data collection and analysis. Spec1ﬁc items which the QA
program must address' mclude

e waste characterization activities and assﬁmptionS'

. environmental momtormg momtonng of the performance of the dxsposal
system, and sampling and analysis activities;

¢ t'field measurements of geologlc factors, groundwatcr,' meteorologic, and
‘ topographxc charactenstlcs :
* computatmns computer codes, models and methods used to demonsuate

comphance with the disposal regulations;

o ‘procedures for 1mplememat10n of expert Judgment elicitations used to support
applications for certlﬁcauon_or re-certification of compliance;
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. design of the disposal system and actions taken to ensure compliance with

_ design specifications;
~*  “collection of data and information used to support compliance applications; and
. other systems, structures, components, and activities important to the

containment of waste in the disposal system.

i

40 CFR part 191 establishes the disposal system’s performance requirements by specifying
criteria for containment, assurance of per_formance, individual protection, and groundwater
protection, but does not specify requirements for "Quality Assurance.” However, §191.13(b)
requires a "reasonable expectation” that compliance with the requirements will be achieved _ :
based upon the total record before the implementing agency. This statement implicitly . |
requires a mechanism to (1) produce such a record, and (2)'\to provide a basis for that record n
to support the concept of "reasonable expectation.”. Quality assurance is an integral element
in the formalization of this mechanism. A fully implemented quality assurance program that
is in compliance with the appropriate requirements justifies a high level of confidence in the
scientific protocols and data which form the basis for waste isolation estimates.

To ensure that calculations of compliance with 40 CFR part 191 are based on sound data and
information, EPA requires in 40 CFR part 194.that DOE unplement a QA program that
meets the requirements of the followmg documents:

e American Society of Mechanical Engineers’ (ASME) “Quality Assurance Program
Requirements for Nuclear Facilities” (NQA-1-1989 edition) (ASM89a);

g ASME’s "Quality Assurance Requirements of C’ombuter Software for Nﬁci‘ear Facility -
' Applications” (NQA-Za-1990 addenda (part 2.7) to ASME NQA-2-1989 edmon)
(ASM89b) and ,

. ASME’s. *Quality Assurance Program Requirements for the Collection of Sc1ent1fic
- and 'Efazhmcal Information for Site Characterization of High-Level Nuclear Waste = f
Repositones (NQA-3—1989 edition excludmg Sectlon 2. l(b) and (¢)) (ASM89c) ’

The ASME natlona.l consensus standards are well established within the U S. nuclear
industry. They have a long history of use and provide extensive supplemental guidance.
EPA believes the use of these standards offers the most comp'rehensive/credibl'e and speciﬁc
set of QA requu'ements for all comphance—related elements of the. disposal system For
example: :




. NQA—I sets forth requirements for the "establishment and execution of quality
assurance programs for the siting, design, construction, operatlon and
decommssmmng of nuclear facilities.”

¢  NQA-2 (part 2.7) establishes requirements for "the development, procurement,
maintenance, and use of computer software, as applied to the design, construction,
operation, modification, repair, and maintenance of nuclear facilities;" and applies to
computer software “used to produce or manipulate data which is used directly in the
design, analysis, and operation of structures, systems, and components.”

L. NQA-3 sets forth quality assurance requirements for “the collection of scientific and
technical information for site characterization of high-level nuclear waste
repositories;" and applies to “activities which could affect the quality of scientific

and technical information collected as part of the site characterization phase of high-
level nuclear waste reposnones .[which include] as a mlmmum (a) readiness
reviews; (b) peer reviews; (c) data and sample management (d) data collection and
analysis; (e) coring; (f) sampling; (g) in situ testing; and (h) scientific investigations.”

~ This chapter describes the current DOE quality assurance program for the WIPP, describes
how NRC addresses similar regulatory requirements, and provides additional background on
the basis for selecting the ASME NQA requirements for 40 CFR part 194.

2.2 DOE QUALITY ASSURANCE PROGRAM '

2.2.1 Management and Oversight
DOE Office of Environmental Management

' Within the DOE headquarters organization, the Office of Environmental Management (EM-1)
- is responsible for the overall management of DOE waste management programs. Under EM-
1, responsibilities. of the Office of Waste Management (EM-30) include programmatic
management of site operations for storage, treatment, or disposal of radioactive, hazardous _
and mixed waste materials including defense-generated TRU waste. Additionally, EM-30 is
responsible for assuring that waste is properly characterized, packaged, labeled, and' |

~ transported to the WIPP in accordance with DOE pnormes and objecuves and provndmg
management direction to the waste generators.
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Carlsbad Area Office

The WIPP management structure contained many organizational levels among DOE
headquarters and field activities until early 1994 when DOE streamlined the organizational
structure. This streamlining resulted in the vesting of major responsibilities for WIPP in the
Carlsbad Area Office (CAO)! (DOE93a, DOE93b). The current WIPP orgamzatlon is
illustrated in Figure 2-1 (DOE9%4). '

The mission of the CAO is to integrate the national transuranic (TRU) waste generator
activities and carry out the actions necessary to facilitate DOE’s decision to operate the
WIPP as a disposal facility (REF). Overall responsibility for the development and
implementation of the CAO quality assurance program for all WIPP related activities resides
with the CAO Manager who reports directly to EM-1 as shown in Figure 2-1. The activities
under CAO can be assigned to three main areas, as listed below: :

. WIPP site activities are performed by the WIPP Site Management and Operating
Contractor, Westinghouse Waste Isolation Division (WID) located at the WIPP Site
outside of Carlsbad, NM. WID fulfills the requirements of a contract managed by
CAQO under the direction of the CAO Manager and is responsible for WIPP site -
.operation (including support of experiments) and maintenance and for monitoring the
site environment.

. WIPP experimental programs are conducted under the direction of the WIPP

Scientific Advisor, Sandia National Laboratories (SNL) located in Albuquerque, NM.
SNL fulfills the requirements of a contract managed by DOE Albuquerque Operations
and overseen by the CAO Manager. In this capacity, SNL is responsible for
developing, confirming, and validating models used to simulate long-term disposal
system performance (i.e., performance-assessment); and conducting research,

“experiments, and tests to collect the data needed for input to the models (DOE92).
SNL sets forth its QA requirements through its Sandia National Laboratories Waste
‘Isolation Pilot Plant Quality ‘Assurance Program Description and mplemenung
procednres (SNL95)

o TRU Waste- Generator Site activities at the TRU waste generator sites are maﬁhged by
DOE Field and Site Offices, as discussed below. A detailed description of site

! For example, in 1991, DOE EM-1 provided policy guidance and.centralized management through EM-30 to
DOE Albuquerque Operations, which reported to the WIPP Project Integration Office. Policy guidance and
management now flow directly from DOE EM-1 to the Manager of the DOE Carlsbad Area Office. 'DOE EM-30
still ensures that program plans and operations are coordinated, integrated, and consistent with DOE Headquarters.
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activities is beyond the scope of this report. The TRU waste generator sites are -
respomnsible for TRU and mixed TRU waste characterization and for the waste
certification programs. The National TRU Program Office (NTPO) Team Leader is
responsible for the day-to-day implementation of DOE Headquarters policy and )

- technical direction. The NTPO Team Leader is also responsible for overseeing waste
characterization activities and for providing an interface between DOE field offices
and CAO. NTPO is divided into two functional areas, described below:

. Waste Characterization and Technology is responsible for the development,
issuance and distribution of technical documents that control the TRU Waste
Charactenzatlon Program.

d Assessment and Certification is responsible for the verification of compliance

- with the TRU Waste Characterization Program requirements at participating
TRU waste generator sites through audits (DOE94)

The CAO QA Manager has the overall responslblhty to independently assess the effecuve
implementation of the QA program. Other responsibilities of the ‘_QA Manager include:

L Inierfacing with CAO techmcal staff on quality related matters;

. Mamtammg a liaison with the QA organizations of WIPP part1c1pants and other
. affected organizations; and

. Review and approval of CAO procedures and contractor quality assurance program
: descnptmns

TRU Waste Generator Sztes

Each of the DOE sites that Currently generate, process or store TRU wastes intended for
~ disposal at WIPP must comply with applicable federal and state regulations regarding waste'
characterization, storage, transportation, etc. While these sites vary considerably in size,
complexity and function; each site prepares a site specific Quality Assurance Project Plan -
(QAPjP). The QAPjP translates the applicable CAO and other federal and state regulauons
into proceduréfo: that site. As stated previously, the daily operations at TRU generator
sites are managed by DOE field and site offices with guidance provided by NTPO.” CAO

assesses generator site activities through Quality Assurance audits and su:veillahc‘es, focusing

primarily on waste characterization activities.
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2.2.2 Key Regulatory Issue

" The Quality Assurance documents described in this section provide requirements for activities
associated with the generation, storage, transport and characterization of TRU waste intended
for disposal at WIPP. However, the ultimate compliance criterion is the determination that
once the appropriate Quality Assurance practices and criteria have been identified that they
are adequately implemented. This must be determined empirically by conducting compliance
audits and surveillances at all levels of operation. DOE is currently in the process of

| evaluating the implementation of its QA program, identifying problem areas and preparing a

- documentation record of these activities. EPA must evaluate DOE’s program by a thorough
evaluation of records in conjunction with selected independent venﬁcatlon

'2.2.3 Key DOE Quality Assurance Documents N

' DOE has established a hierarchy of quality assurance documents consistent with the
orgamzatlonal framework (See Figure 2-2). Some of the ma_]or documents are described in
this section.

- 2.2.3.1 DOE Order 5700.6C - Quality Assurance

This document establishes the basic quality assurance framework for the Department
(DOE91) and includes the following:- '

. Placing responsibility for mission accomplishment and Quality Assurance Program
(QAP) implementation with senior management;

. Training and qualification of all personnel performmg assigned work all 1mportant
» work will be described in documents and records will be kept;

. Performance of all work to estabhshed standards using approved instructions; alI
' equlpment used for data collection shall be calibrated and maintained;

o Verification and validation of the adequacy of all des1gned products by mdependent
‘ personnel and

. Periodic management assessment of the QAP to assure results, and independent

- assessments to assess quality; all assessments conducted by personnel technically
- qualified and knowledgeable i in the areas under assessment
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" CRFs, DOE Orders
NQA-1,-2,-3

1

(DOE HQ Requirements)
|

EM-QARD

(DOE/CAOQ Requirements and Guidance)

CAO QAPD
(Scienﬁﬁc Advisor) (Management and Oéerating Contractor) (TRU Wagste Generator Sites)
- : : Waste
SNL QAPD | ~ WID QAPD Characterization
' ‘ QAPP
Contractor QA - Contractor QA G;nerato; QA
Plans and- ‘ Plans and Project Plans and
Procedures. o Procedures Procedures

Figure 2-2. Hierarchy of DOE WIPP QA Program Dpcuments

2-8



~ 2.2.3.2 Quality Assurance Requirements and Description Document |

- Based on requirements in Order, 5700.6C, DOE EM developed the Quality Assurance
Requirements and Description document (QARD) (DOE91a). The QARD is intended to state
DOE/EM’s commitment to specific requirements and to integrate their requirements, for

~ example, ASME NQA-1, NQA-2 (part 2. 7) and NQA-3; and EPA QAMS-005/80. QARD

\ requirements include the following:

. Organizations shall develop, implement, and maintain a written Quality Assurance
- Program (QAP) as identified in DOE Order 5700.6C. Appropriate standards, such as
ASME NQA-1 shall be used, wherever applicable, to develop and implement QAPs.
The QAP Description shall delineate the organizational structure, functional
responsibilities, levels of authority, and interfaces for those managmg, performing,
and assessmg adequacy of work.

. Personnel shall be trained and qualified to ensure they are capable of performing their
assigned work. Personnel shall be prov1ded continuing trammg to ensure that job
: proﬁaency is maintained.

. - Organizations -shall establish and implement processes to detect and prevent quality
problems and to ensure quality improvement. Items and processes that do not meet
established requirements shall be identified, controlled, and corrected. Correction

- shall include identifying the causes of problems and preventing recurrence.

e Organizations shall ensure that procured items and services meet established
requirements and perform as specified.. Prospective supphers shall be evaluated and
' selected on the basis of specified criteria.

e Inspection and acceptance testmg of speclfied items and processes shall be conducted -

using established acceptance and performance criteria. Equipment used for
inspections and tests sha]l be calibrated and maintained.

. Semor management sha.ll penodlcally assess the mtegrated quahty assurance program

: objectWes shall be 1dennfied and corrected.

* Planned and penodlc mdependent assessments shall be conducted to measure 1tem
- quality and process effect1veness and to promote improvement. _
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2.2.3.3 Carlsbad Area Office Quality Assurance Program Description

The Carlsbad: Area Office Quality Assurance Program Description (CAO QAPD) is the
quality management document that identifies the federal and industry quality requirements
applicable to the CAO quality assurance program (DOE 94). The CAO QAPD Revision 1.0
states that compliance to its requirements, responsibilities, and authorities "is mandatory for
CAO personnel” while organizations supporting CAQO are expected to use the CAO QAPD

for "guidance.” The federal and industry quality program requirement source documents it
identifies are divided into three categories:

o Regulatory documents - these define the requirements necessary for WIPP to receive a
: certificate of compliance and operational permits by the federal and state
governments, respectively; N

. Commmnent documents - these have been imposed on WIPP operations by DOE
' management; and :

. Guidance decuments - these provide additional information that may be useful in
developing quality assurance programs for WIPP activities.

A listing of QAPD source documents by category is provided in Figure 2-3. The CAO
QAPD provides a description of general, management, performance, and assessment
requirements, as well as supplementary quality assurance requirements for specific
application areas, such as Scientific Investigation Quality Assurance and Software Quality
Assurance, incorporating the applicable portions of ASME NQA-3 and NQA-Z part 2.7,
respectively. CAO QAPD requxrements include the followmg

¢ ' Identlfymg the responsibilities and authorities of those organizational line management
positions responsible for actuevmg and verifying quality.

e _ Allowing the CAO QA Manager dn‘ect access to responslble management at a level
. where appropriate action can be effected. :

o ‘Performmg and documenting planning to ensure work is accomphshed under suitably
' controlled conditions.

o Establishing and unplementmg Processes to detect and prevent adverse quahty
conditions and to ensure quality 1mprovement v
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40 CFR part 284

10 CFR part 830 Nuclear Safety Management
40 CFR part 261 Identification and Listing of Hazardous Waste
40 CFR part 268.6 Land Disposal Restrictions
10 CFR part 71 Stbpart H, Quality Assurance, Packaging and
‘ Transportation of Radioactive Material
Standards for Owners and Operators of Hazardous

Waste Treatment Storage and Disposal Facilities

. DOE Order 5700.6C"*

Quality Assurance -

: Quahty Assurance Requirements and Description |

EM-1 QARD

- ASME NQA-1 (1989), with all supplements

Quahty Assmance Program Reqmremems for
Nuclear Facilities -

ASME NQA-2 (1990) Part 2.7

Quality Assurance Réquiremems of Computer
Software for Nuclear Facility Applications

ASME NQA-3 (1989) (with exceptions)

" Quality Assurance ProgramReqmremems for the -

* for Site Characterization of ngh-Level Waste

Collection of Scientific and Technical Information

Repositories

NUREG-1298 (1988) o

 Staff Position - Qualification of Existing Daafor |

High-Level Nuclear Waste Repositories

Software Quality Assurance Program and
Guidelines -

-~ Figure 2-3. DOE QAPD Source Documents by Category
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. Analyzmg performance data that affect quality and 1denufymg lessons learned to
improve items, activities, and processes :

« Preparing, approving, issuing, and controlling documents which prescribe processes,
specify requirements, or establish design.

o Records shall be specified, prepared, reviewed, approved, controlled, and maintained
" to accurately reflect completed work and facility COIIdlthIlS and to comply with
statutory or contractual requuements

. Classifying Quality Assurance records as either "permanent” or "non-permanent. "

. Performing work under controlied conditions using approved mstructions procedures
drawmgs or other appropriate means. A

. Items and processes shall be designed using sound ‘engineering/scientific principles
and appropriate standards. The adequacy of design products shall be verified by
-individuals or groups other than those who performed the work.

. Ensuring that procured items and services meet established technical and quality -
assurance requirements and that they perform as specified. Prospective supphers shall
be evaluated and selected on the basis of documented cnteria

i Inspectmg and testing specified items and processes and calibrating and mamtammg r
equipment used for such tests

. Conducting planned and periodic assessments to measure management effectiveness,
item quality and process effectiveness, and to promote improvement. Persons
conducting assessments shall be technically qualified and knowledgeable in their
assigned roles. :

. Controlling and identifying samples in a manner _consistent with their intended use. ’

_ e Shall be defming controlling, verifying and documenting scientific investigationsﬂ

. Verification of software shall include reviews that ensure that the requirements are
‘ complete and correct, and shall include the appropriate testing. -

EPA Office of Radiation and Indoor Air (ORIA) has conduCted two formal reviews of the

CAO QAPD and transmitted comments on Revisions 0 and 1 to DOE CAO DOE appears -
to be rev1smg the QAPD to address EPA concerns.
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2.2.3.4 TRU Waste Characterization Quality Assmhce Program Plan (TRU QAPP)

The TRU QAPP presents detailed technical information focusing on analytical techniques for
the collection and analysis of samples at a stated, statistically derived confidence interval for
physical, chemical and radiological parameters. In addition to technical information, the
TRU QAPP provides Quality Assurance information, much of which overlaps with areas
 covered in the CAO QAPD (DOE95). The TRU QAPP identifies the quality of data
necessary and the techniques designed to attain and ensure the required quality to meet the
objectives of the WIPP Waste Characterization Program (DOE94), and also contains specific
Quality Assurance Objectives for TRU waste. The waste characterization requirements
presented in the TRU QAPP focus on the Resource Conseri(ation and Recovery Act (RCRA)
and Department of Transportation (DOT) regulations (DOE%). §194.24 requires DOE to
perform an analysis which identifies waste characteristics infliencing waste containment .
within the disposal system. Once DOE has completed the analysis, the QAPP should be
revised to address the reciuirements of 40 CFR part 194. According to CAO, the TRU
QAPP addresses all of the basic requirements of ASME NQA-1 (DOE94); any exceptions to
ASME NQA-i requirements must be noted in each site’s QAPjP. Each TRU generator site’s
QAP;P must integrate the TRU QAPP’s requirements for all TRU waste intended for |
shipment to WIPP, which is accomplished by NTPO/CAQ reviewing and approving the
- generator site QAP]PS (DOE9%4). :

2.2.4 Key WIPP Scientific Advisor Documents

" In their capacity as the WIPP Scientiﬁe Advisor; Sandia National Laboratories (SNL) has

~ developed the SNL: WIPP Quality Assurance Program Description (SNL.QAPD) (SNL95b) - -
and an extensive list of implementing procedures to address specific WIPP related Quahty
-Assurance and technical activities.. These activities are generally classified as experimental
programs and they cover a wide range of technical and QA activities from certifying preesure ‘
relief valves. to Root Cause Analysis.. As of 9-14-95, SNL lists forty one Quality Assurance
Procedures as "Active WIPP Controlled Documents” (REF). EPA needs to determine the
conformance of these SNL documents to the ASME NQA standards and the degree of their
unplementatlon
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2.2.5 Management and Operating Contractor Documents |

Westinghoﬁse ‘Waste Isolation Division (WID) functions in the capacity of the WIPP Site
Management and Operations Contractor. As such, WID is required to comply with all
applicable federal and state regulations. These requirements are integrated in the WID

-Quality Assurance Program Description (WID92) and associated 1mp1ementmg procedures
and instructions.

2.2.6 TRU Waste Generator Sites

There are approximately ten major TRU generator sites. FEach site is required to develop a
- site specific Quality Assurance Project Plan (QAPjP) and supporting procedures. These
documents are the means whereby the site translates CAO and other federal requirements
into operating procedures The TRU generator s1te QAP_]PS must be approved by CAO
(DOE94) '

2 2. 7 Q_l_lghﬁcatlog of Existing Data

2.2.7.1 Background

An important factor in performance assessment is the use of data that were not generated
under a Quality Assurance Program that complies with the requirements of ASME NQA-1.2
These data are . referred to as ‘existing data or old data®. The maJonty of the early
experimental work performed under and above ground at theWIPP was conducted by the
SNL, beginning in the early 1980’s. SNL has only recently begun to configure its Quality
Assurance Program to be consistent with ASME NQA-1, and therefore many of the technical
data generated since the early 1980s in support of various scientific investigations concerning -
waste isolation are considered existing data. Under 40 CFR part 194, data that were not- |

2 In the context of Section 2.2.7, ASME NQA-1 means ASME-NQA-1-1988, ASME NQA-2A-1990, addenda

part 2.7 to ASME NQA-1-1989, and ASME NQA-3-1989 [excluding Section 2.1(b) and (c) in Section 17.1].-

3 "Existing data is data developed prior to the i'mplexrremaﬁon of an NQA-1; -2, 30QA program by SNL and

its contractors, or data developed outside the SNL-WIPP program, such as by oil companies, national laboratories,

- universities, or data published in technical or scientific publications. Existing data does not include information that

is accepted by the scientific and engineering commumty as estabhshed fact (e.g-, engmeermg handbeoks, densrty

tables, gravnatlonal laws, etc) (SNL95)
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generated under an ASME NQA—l quality assurance program must be qualrﬁed in a manner
consistent wrth one of the followmg four approaches:

‘ peerreview’

confirmatory testing
use of corroborating data

" a quality assurance program that is equlvalent in effect to ASME NQA-1-

Additionally, the specific methodology used must be approved by the administrator.

In commenting on EPA’s Advance Notice of Proposed Rule-making on compliance criteria,
DOE proposed the followmg steps to venfy data used in compllance assessment (DOE93c):

The data will be examined against currently approved QA procedures This
examination will be directed to show that if the data had been obtained under current

- QA practices, the results would be equiyalent to the ongoing data collection.

If "QA equivalency of. the data cannot be shown, ard the data are crucial to
compliance demonstration, an independent peer review group will be established to -
assess the validity of the data, and DOE will submit the findings to EPA.

Ifan acceptable QA level cannot be demonstrated to EPA, and the data are crucial to

compliance, DOE will do statistical resampling to establish the quality of the data or
initiate an activity to reacquire the needed data. However, the original data will not
be discarded. Instead, they wrll be evaluated for use as conﬁrmatron of the newly
acqun-ed data

2272 SNL Program For'Qualifying Existing Data

In 1994, SNL began to address the issue of qualtfymg existing data (QED). The process .
initially followed the approach outlmed by the US NRC (NRC88a) and consisted of three

g those data necessary for compliance calculations, for settlemerit_ of
compliance issues or for submission of DOE’s certificate of compliance and'
organizing them into groups called Data Records Packages (DRPs),

Determmmg whether the selected DRPs are acceptable with respect to technical and
Quality Assurance criteria through the use of a team of qualified, independent
personnel with expertise-in the areas of interest, called Independent Review Teams
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(IRT). Each data package is evaluated by an IRT that determines whether the data
were collected under a QA program equivalent to ASME NQA-1, and whether the
Technical/Scientific Protocols employed during data collection are acceptable when
evaluated against a pre-established check list.

. Remediating those data that were judged to be unacceptable by virtue of technical
and/or Quality Assurance flaws by IRT assessment. If 2 DRP is determined to be
inadequate for technical and/or Quality Assurance reasons by an IRT, alternative
methods for qualifying the data are to be identified by a Qualification Methods Team
(QMT). Such methods include the use of corroborating data, confirmatory testing and
peer review. Data that cannot be suitably qualified must be abandoned.

2.2.7.3 SNL Program for Qualifying Existing Data

* In 1994, SNL began to address the issue of qualifying existing data (QED). The process’
initially followed the approach outlined by the US NRC (NRC88a) and consisted of three
main . areas:

. [dentifying those data necessary for comphance calculatxons for settlement of'
* compliance issues or for submission of DOE’s certificate of compliance and
organizing them into groups called Data Records Packages (DRPs);

. Determining whether the selected DRPs are acceptable with respect to techmical and
quality assurance criteria through the use of a team of qualified, independent
- personnel with expertise in the areas of interest, called Independent Review Teams
(IRT). Each data package is evaluated by an IRT that determines whether the data
were collected under a QA program equivalent to ASME NQA-1. and whether the
. Technical/Scientific Protocols employed during data collectlon are acceptable when
evaluated against a pre-established check hst

. Remediating those data that were Judged to be unacceptable by virtue of techmcal
. and/or quality assurance flaws by IRT assessment. If a DRP is determined to be -
inadequate for technical and/or quality assurance reasons by an IRT, alternative
methods. for qualifying the data are to be identified by a Qualification Methods Team
B} Stich methods include the use of corroborating data,” confirmatory testmg and
peer revxew' Data that cannot be suitably qualified must be abandoned.
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2.2.7.4 Current Status

The assessment of existing data focused on data in four. technical areas: natural barriers,
disposal system design and engineered barriers, waste interactions, and human initiated

~ processes and events. As of August 30, 1995, 46 DRPs had been identified as high priority ,
meaning that it was likely that DOE would use them in whole or part for the submission of
their compliance application. Of these, 26 were assessed as not adequate to support
compliance; 20 were assessed as adequate to support compliance. Of the 26 DRPs assessed
as not adequate, 23 were pending QMT review.

SNL began the QED process by evaluating DRPs in November 1994, and has made
considerable progress to date, as discussed previously. Personnel from EPA Office of
Radiation and Indoor Air-Las Vegas Facility and their technical support contractor have .
observed IRT assessments of approximately ten DRPs, some as late as June, 1995.
Additionally, CAO performed a Quality Assurance Audit of the SNL QED process in
September, 1995 (DOE CAO Audit A-95-05). These observations have provided EPA with
insight into SNL’s approach to the QED process. The governing document for the QED

- process (SNL QAP 20-3) (SNL95a) has been evolving as SNL has progressed through the
QED process. Once SNL'’s methodology is completed, it would be presented to EPA for
approval. ~ ‘

2.2.8 Quality Assurance for Models and Codes

~ Sandia National Laboratories is conducting iteraﬁve'pefformance assessments to-provide
interim guidance prior to preparing a final compliance evaluation (SNL92). These

| performance assessments describe the conceptual basis for consequehce modeling and
performance assessment methodology, including the selection of scenarios for analysis, the "
determination of scenario probabilities, and the estimation of scenario consequences
(SNL92). o

The modeling process described in references SNI.92 and SNL92a includes significant
participation of peer review groups external to Sandia. The iterative nature of the work leads
to a constant updating of models. If, during review of a COmplialice application, it is
determined that one or more parts of the model(s) is based upon data obtained in the early -
stages of the WIPP program when a less stringent QA program was used, the model’s
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validity could become an issue. If found to exist, such issues must be settled using the QA
standards and criteria applicable to the performance assessment process itself.

WIPP procedure No. PAP02, Computer Software Supporting Performance Assessments of
the Waste Isolation Pilot Plant, describes four classes of software:.

A-  Adjudicated (full QA status)

C- Candidate (partial QA status, possibly undergoing contmued refinement)
D- Dormant (obsolete software formerly in Class A or C)

X- Experimental (entry level, software in early stages of development or
experimentation, no QA requirements)

A Software Review Committee decides whether to classify scftware as Class A. Itis SNL
. policy to use only Class A software for the performance assessment to support the
application for certification of comphance ‘This procedure is not as ngorous as that
specrﬁed in NQA-Z (part 2.7). '

2.3 SUMMARY OF U.S. NRC REQUIREMENTS -

- The purpose of this section is to identify the NRC QA requirements for data gathering, '
analyses, and modeling applicable to high-level radioactive waste disposal systems.* Useful
parallels may be drawn between NRC and EPA requirements since both involve modelmg of
geologic nuclear waste reposrtones :

.Quality assurance requirements for disposai_of high-level radioactive wastes in geologic
~ repositories are specified in Subpart G of 10 CFR part 60. Subpart G requires DOE to

~ implement a QA program based on the criteria of Appendix B of 10 CFR part S0 as

- applicable’, and which is appropnately supplemented by additional criteria. Specific QA
criteria which the NRC staff use to review the DOE QA program are provided i in "Review
Plan for High-Level Waste Repository Quality Assurance Program Descnptlons (NRC89)
~ This document prowdes NRC'’s position on the meamng of the term "as apphcable as used
" in Appendlx 2B of the drsposal system program.

4 References to DOE in this section refer to DOE’s Ofﬁce of Civilian Radioactive Waste Management

5 10 CFR Part 50 does not address requirements for software or da:a collecuon for siting such as are addressed
by ASME NQA part 2.7 and ASME NQA-3. -
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The NRC Review Plan endorses ASME‘NQA-1-1986 and incorporates the lessons learned
from the Ford Study (NRC84), such as the use of technical audits and readiness reviews.
This document also accounts for differences between power reactor projects and the high-
level nuclear waste disposal system program and references the NRC staff’s Techmcal

Positions.

'Each section of the Review Plan corresponds,to one of the 18 criteria of 10 CFR part 50,
Appendix B, and provides the acceptance criteria the NRC staff uses to evaluate QA program

~ Criterion 18

deScriptions or plans. The areas addressed by €ach of these 18 criteria are listed below:

~ Organization

Criterion 1 _
Criterion 2 _Quality Assurance Program
- Criterion 3 Design Control
Criterion 4 . Procurement Document Control‘
Criterion 5 Instructions, Procedures, and Drawmgs
- Criterion 6 Document Control
Criterion 7 Control of Purchased Material, Equlpment Items and Serv1ces
- N and Software
Criterion 8 Identification and Control of Items, Serv1ces and Software
Criterion 9 Control of Special Processes
Criterion 10 - ‘Inspection:
Criterion 11 Test Control
Criterion 12 Control of Measuring and Test Equipment
Criterion 13 Handling, Storage, and Shipping
Criterion 14 Inspection; Test, and Operatmg Status
Criterion 15 - Nonconformances
Criterion 16 - Corrective Action
Criterion 17 Quality Assurance Records
Audits

As stated in §60 151, the QA program apphes to all systems structures, and components

1mponant to safety, to. desxgn and characterization of barriers "important to waste
isolation," and:te activities related thereto. These activities include site characterization,
facility and- nt. construction, facility operation, performance conﬁrmanon permanent
~ closure, and: tainmatlon and dxsmantlmg of surface facilities.

Sectlon 60.2 def‘mes the term lmpox'tant to safety” as those engmeered structures, systems,
and components essential to the prevention or mitigation of an accident that could result in a
radiation dose to the whole body, or any organ, of 0.5 rem or greater at.or beyond the
nearest boundary of the unrestncted area at any time unt11 the completion of permanent
closure
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NUREG-1318, "Technical Position on Items and Activities in the High-Level Waste Geologic
Repository Program Subject to QA Requirements" (NRC88b) provides guidance for the
identification of items important to safety and waste isolation.. The NRC QA requirements

relating to data that are important to safety or to waste isolation are summarized in Sections
23.1, 232and233 below.

2.3.1 Data Gathering

Site characterization involves data gathering. As required by Subpart B of 10 CFR part 60,
DOE must conduct a program of site characterization in accordance with the following:

. Investigations to obtain the required information shalt be conducted in such a manner

as to limit adverse effects on the long-term performance of the geologlc d1sposa1
system to the extent practical. :

. ®  The number. of exploratory boreholes and shafts shall be limited to the extent practxcal
~ consistent with obtalnmg the information needed for site charactenzauon

¢  To the extent practicable, exploratory boreholes and shafts in the geologic disposal -
system operations area shall be located where shafts are planned for underground -
- facility construction and operation or where large-unexcavated pillars are planned.

. Subsurface exploratory drilling, excavation, and in situ testing before and during
construction shall be planned and coordinated with geologic disposal system
operatlons area design and construction.

DOE must submit to the NRC a description of the QA program to be applied during the site .

- characterization phase. As a result of meeting the requirements of the QA Plan, Q-lists will
‘be generated. The criteria developed in preparing Q-lists are essential to identifying quality-
affecting.activities and, of necessity, reqmre a d1sc1plmed systemanc analysis of the entu'e
project (NRC88b)

The Q-list identifies éu'ucwés, systems, and components important to safety and engineered

barriers important to waste isolation. A quality activities list identifies the site
characterization activities that may provide data for use in assessments of the waste isolation
and containment capabilities of natural and engineered barriers, those activities related to the
actual assessments, and those activities that may adversely impact the waste isolation
capabilities of these barriers. ' | |
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Data and information needs are identified by compliance assessments, performance
allocation® among the various components of the natural and engineered barrier systems,
design, and modeling of the geologic disposal system. The need to collect additional data
depends on the availability and quahty of existing data. The QA criteria for data gathering .
are provided in Criteria 3, 5, 8, 9, 10 11, 12, 13, 17, and 18 listed above.

2.3.2 Data Analysis

Data analysis is a design ectivity subject to the requirements of Hesign control, design
verification, and design changes control. The QA criteria for data analysis are provided in
Criteria 3, 17 and 18. -

2.3.3 Data Modeling.
~ The data needed for construction of an adequate model of the disposal system and
compliance assessments, and the associated computer modeling, are subject to 10 CFR 60 -
- Subpart G. QA requirements. ‘ 4

.Computer programs should be developed, controlled, and used in accordance with the QA -
program. Guidance for documentation of computer codes is provided by NUREG-0856,
"Final Technical Position on Documentauon of Computer Codes for ngh—Level Waste
Management" (NRC83). Docunientation includes five categories: software summary,

- description of mathematical models and mumerical methods, user’s manual, code assessment

and support and contmumg documentatlon and code hstmg

General recommendations for software quahty assurance programs are prov1ded in
NUREG/CR-4640 "Handbook of Software Quality Assurance Techniques Applicable-to- the
Nuclear Industry (NRC87) The handbook is intended to be used by the nuclear power

» industry as amafd for structuring QA programs and assessmg the adequacy of exxsung
software pracuces mcludmg development and use.

¢ Performance allocation: This term applies to the process of deriving subsystem and component performance

goals from performance objectives. A systematic process of assigning confidence levels with their desired,
associated performance goals for the mmed geologlc disposal systems, 'subsystems, and components (NRC88b)

T NUREG-0856 does not comply completely with ASME NQA Part 2.7. -
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Guidance for NRC organizations and NRC contractors in the development and maintenance
of software for use by NRC staff is provided in NUREG/BR-0167 "Software Quality
Assurance Program and Guidelines™ (NRC93). Those guidelines apply to technical
application software used in safety decisions by the NRC. The applicability of those
guidelines depend on the purpose and use of the software and management’s judgment of the
cost-effectiveness of each software quality activity. Most projects incorporate verification
and validation, configuration management, and documentation control activities.

Verification is the process of ensuring that the products and processes of each of the major
life cycles’ activities meet the standards for the products and the objectives of that activity.-
Validation is the process of demonstrating that the as-built software meets its requirements
and is accomphshed by review and demonstration in a hve or simulated environment. |

~ Verification and validation activities include planning, formal life cycle reviews and audits,
peer inspections, and testing. Testing is the process of detecting errors and verifying
performance. Testing typically includes unit integration, qualification, and acceptance
testing.

Fundamental to configuration management are the concepts of a baseline and change control.
A baseline is a document or software that has been formally reviewed and agreed upon by
the developer and sponsor, and thereafter serves as the basis for further development. It can _
be changéd only through formal. change control procedures Change control is the process
by which a change to a baselipe is proposed, evaluated, approved or rejected scheduled and
tracked. : -

Peer reviews may be employed for data modeling and computer models. Guidance on the,
_use of the peer review process is provided in NUREG-1297 "Peer Review for High-Level
Nuclear Waste Repositories” (NRC88). A peer review is a documented, critical review
performed by experts who are mdependent of the work being reviewed. NUREG- 1297
' 'prov1des guldance on areas where a peer review is appropriate, the acceptability of peers,
and the conduct and documentation of a peer review. Peer review is discussed in greater - °
detail in Chapter 7. : S

The QA criteria relating to data and computer modelmg are prov1ded in Cntena 3,6,8,9,
11, 14,15, 17 and 18 from the above list.
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2.3.4 Management and Oversight

NRC QA procedures describe how DOE and prime contractors exercise reSponsibﬂjty for the

overall QA program. DOE and its prime contractors are required to identify a management
posmon within each respectlve organization that retams overall authonty and respons1b1hty
for the QA program This posmon must: '

. Be at the same or higher'organization level as the highest line manager directly

responsible for performing activities affectmg quahty and be sufficiently independent
from cost and schedule;

. Have effective communication channels with other senidr management positionS‘ and
. Have no duties or responsibilities unrelated to QA that would prevent full attention to
QA matters. R

Persons and orgamzatlons performmg QA functions must have suffic1ent authority and

.organizational freedom to:

e Identify quality problems;

° Initiate, recommend, or 'provide solutions thrnugh designated channels;

e Venfy nnplementatlon of solutions; and'

e | Assure that further processmg, delivery, mstallatxon or.operation is controlled unn] a

_ nonconformance, deﬁmency, or unsausfactory condition has been corrected
The QA program should prov1de control over all activities affecting the quality of the
identified activities, structures, systems and components to an extent consmtent with their
requu'ed performance (NRC88D).- '

The QA cntena related to management and. overs1ght are prov1ded in Criteria 1, 2, 15 16,
and 18. :
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2.3.5 Qualification of Older Data

Data pertinent to waste isolation systems and/or components may exist that were developed
before the implementation of a 10 CFR part 60 Subpart G QA program by DOE and its
contractors. Additionally, data that were developed outside of the DOE disposal system
program may be identified as pertinent and used by DOE for purposes of waste isolation,
such as data generated by oil companies, national labOratories, universities, or data that have
been published in technical or scientific publications. These are considered "existing data".
This category does not include information accepted by the scientific and engineering
community as established facts such as are found in engmeermg handbooks, densny tables,
gravitational laws.

NRC spetiﬁes tha‘t_prdcedu:es should be established describing methods of reviewing and
qualifying existiﬁg data. NUREG-1298 "Qualification of Existing Data for High-Level
Nuclear Waste Repositories,' Generic Technical Position" (NRC88a) describes four general
approaches, but does not provide implementation guidance for this process. | |

2.4  ASME NQA-1, NQA-2, AND NQA-3 STANDARDS

EPA is requiring that DOE implement a QA pfogram that meets the requirements of the
American Society of Mechanical Engineers’ "Quality Assurance Program Requirements for
Nuclear Facilities” (NQA-1-1989 edition); "Quality Assurance Requirements of Computer
Software for Nuclear Facility Applications” (NQA-2a-1990 addenda (part 2.7) to ASME
NQA-2-1989 edition); and "Quality Assurance Program Requirements for the Collection of
Scientific and Technical Information for Site Characterization of High-Level Nuclear Waste
Repositories” [NQA-3-1989 edition, excluding Section 2.1(b) and (c))®. EPA has mandated

.8 EPA pmpmes the use of the ASME NQA 1989 editions instead of the ASME NQA 1994 edmon for the
following reasons:

° " The ASME NQA 1994 edition allows a reduction in the level of structure for pctsonnel
qualification and certification for designers/verifiers, inspection personnel, testing and audit
personnel to only a subjective level by supervisory analysls

] ASME NQA-3-1989 contains added amphﬁcauon requirements related to Scientific and :
. Technical Data (S&TD) applications to support the WIPP that are not included in ASME NQA

- 1994 edition. These areas include: (1) planning,quality standards and criteria for the collection

of S&TD; (2) surveillance, including in-process, deficiencies, and follow-up, @
communication; (5) design- control; (6) peer reviews; (7) data processing; and (8) quahﬁcanon
of existing data.- - .
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tﬁe use of the ASME standards because 'these national consensus standards offer the most
comprehenswe and specific set of QA requlrements for all compliance-related elements of the
WIPP dlsposak system NRC has taken a similar approach by specifying equivalent criteria

in 10 CFR part 50, Appendlx B.

2.4.1 ASME NOA-1

" This Standard sets forth requirements for the establishment of a quality assurance program

for the siting, design, construction, operation, and decommissioning of nuclear facilities.
This Standard’s requirements apply to activities which could affect the quality of structures,
systems, a.nd components of nuclear facilities. These activities include: -

. attammg quallty Ob]eCtIVCS
L assuring that an appropriate quality assurance program is establlshed and
. - verifying that activities affecting quality have been correctly performed.

Activities affecting quality include siting, designing; purchasing, fabricating, handling,
shipping, receiving, storing, cleaning, erecting, installing, inspecting, testing, operating,

maintaining, repairing, modifying and decommissioning (ASM89a).

2.42 ASME NQA-2 Part2.7

Part 2.7 provides requirethents’ ‘;for the-v'development,v 'procuremé'nt, mamtenance, and use of
computer software, as applied to the design; construction, operation, modification, repair,

- and maintenance of nuclear facilities” (ASM89b) It supplements the requlrements of
NQA- '

repos1tor1es (The same QA consnderanons apply to reposxtones for transuramc wastes )
NQA-3 is to be used in conjunction with NQA-1 to set forth QA program reqmrements and
guidance for the collecnon of scxentxﬁc and technical information for site characterization of

- high-level nuclear waste repositories. “The requirements of NQA-1 and NQA-3 are intended

to meet and clarify the cntena of 10 CFR 50, Appendix B, and 10 CFR 60; Subpart G, for

lngh-level nuclear waste rep051tor1es (ASM89c)
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3. Issues for the Selection and Developinent of Models and Computer Codes .
3.1 INTRODUCTION

In assessing the containment characteristics of the WIPP disposal system, DOE will need to
consider many complex processes upon which their decisions regarding pcrformani:c
assessment will be based. Although some decisions can be made using engineering
judgment, many analyses must be performed where human reasoning alone is inadequate to
synthesize the many factors involved in complex problems. The best tool available to help
scientists meet the challenge of such analyses and predictions is a model.

A model is a system designed to represent a simplified version of a real system. Models,
can be valuable predictive tools for performance assessment if properly constmcied The
validity of the predlctlons will depend on how well or conservatlvely the model approximates
the physmal system being modeled.

DOE is currently developing models and computer codes to meet performance assessment
objectives for the WIPP. EPA will ultimately accept or reject DOE’s selection and
application of models and computer codes. This section identifies the issues considered by -
EPA in the development of criteria for WIPP model and code selection, description,
implementation, and justification (§194.23). These criteria are based on full implementation
of quality assurance procedures and the complete documentation of the procedures.

DOE has already selected a number of computer codes at the WIPP to gain an insight into
the kinds of problems that may be encountered in the modeling analyses that will be

~ conducted for the performance assessment. In the process of DOE’s connnued formulation
and testing of the various components of the disposal system conceptual models, attention is
given to many aspects of the system and possible avenues of analysis. This includes
developing a conceptual model of the site that defines the physical framework, relevant
processes, boundary conditions, and what approaches are justifiable and relevant to meetmg
performance objectives. After the conceptual model has been formulated, appropriate codes
are selected by matching a detailed description of the modeling needs with well-defined,
quality-assured characteristics of existing codes, while taking into account the compliance
assessment objectives of the study. If a good match between model requirements and code
characteristics cannot be found, modification of an existing code or the development of a new
code may be considered. =




In the 1992 PA, DOE presented components of its site conceptual model. These components
focused on the Culebra Dolomite Member of the Rustler Formation overlying the Salado
Formation. The Culebra Dolomite is thought to present the most likely avenue for
radioactive waste to reach the accessible environment in addition to direct releases to the
accessible environment. However, there is considerable uncertainty regarding the physical
system boundary conditions and flow and transport mechanisms.

~ Another consideration is that computer codes are generally not designed to be universally

- applicable. Code development is normally aimed at solving a specific environmental problem
or range of problems. Therefore, a single code will not simulate all of the components of
the conceptual model. For example, most WIPP performance assessment scenarios consider
three time-dependent gas-generation processes which are expected to be involved.in the
degradation of transuranic (TRU) waste in the disposal §yste;n: (1) oxic and anoxic
corrosion of metz_lls, (2) aerobic and anaerobic microbial degfadation of cellulosic materials,
and (3) radiolysis. The potential for large quantities of gas has strong links to other
processes associated with closure of the disposal rooms and panéls. After the repository is -
closed, the surrounding halite will close (creep) inward upon and compact the waste and -
backfill. Gas generating processes in the waste and the impact of creep closure will
potentially increase pressure in the room. The pressure within these materials may force the

. brine and compressed gas through natural and induced fractures toward the regulatory
boundaries. '

Section 3.2 of this chapter discusses how a code review would first determine if the selected
code was compatible with the modeling objectives set forth in the performance assessment.
Section 3.3 focuses on the code development process, code capabilities, and the quality of the
accompanying documentation. Issues related to the application of a computer code are '/
considerably different than those associated with code development and selection (i.e., a B

“ properly selected code can be improperly applied). Although the primary objective of this
chapter is to present issues related to model and code selection rather than code application,
Section 3.4 discusses code application criteria in a global sense. '

3.2 REVIEW OF COMPUTER CODE BY EVOLUTION EVALUATION

Computer code selection is the process of choosing the appropriate software capable of
simulating the characteristics of the physical system to be modeled. The cvolution of the

3-2



computer code can be traced from the inception of the conceptual model to the formulation
of the mathematical model, and finally to the development of the computer code where
computer instructions for performing the operations specified in the mathematical model are
p_rogrammed. - The formulation of a conceptual model is an integral component of the
modeling process. Components of the conceptual model may be simplified to meet either
limited objectives or limitations in the data. It is often useful to simulate only certain
components of the conceptual model. For instance, even if there are data that indicate
different geologic zones in the hydrogeologic unit, it is common practice to evaluate the
system as a function of average values. While different aspects of the conceptual model may

 be simulated in a variety of ways, the selected approach must remain consistent with the
objectives. The review and acceptance of a model is an evolutionary process that depends

upon the modeling goals and availability of data. The following illustration.is focused on
hydrogeologic models although the process would be nearly ideinica_l for other models.

3.2.1 Conceptual Models

The performance assessment will use numerous conceptual models to describe the physical,
biological and chemical processes expected to occur at WIPP. At the most basic level,
conceptual models describe vefy fundamental processes, for example, the type of
microorganisms present in the repository, their population size and metabolic rates. These
basic conceptual models are integrated further to form the basis for more complete
conceptual models that predict processes such as gas generation, room closure rates, and
contaminant transport mechanisms.

The conceptual model of a groundwater system is an interpretation of the characteristics and
dynamics of the physical hydrogeologic system. The purpose of the conceptual model is to

‘consolidate site and regional hydrogeologic and hydrologic data into a set of assumptions and.

cdncépts that can be evaluated quantitatively. The system conceptualization should include:-
the geologic and hydrologic framework, characteristics of geologic formations (e.g.,

| fractured or porous), the nature of relevant physical and chemical processes, time dependent

processes, geometry of the system, initial and boundary -conditions, hydraulic properties; and
sources and sinks (water budget). A brief discussion of each of the typical components of
the hydrogeologlcal conceptual model that should be considered and reviewed is presented
below.
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Geologic framework. The geologic framework is the distribution and configuration of
various rock units (e.g., fractured dolomite or intact halite). Of primary interest are the

thickness, continuity, lithology, and geologic structure of those units that are relevant to the
purpose of the study.

Hydrologic framework.. The hydrologic framework in the conceptual model includes the
physical extent of the flow system, hydrologic features that impact or control the
groundwater flow system, analysis of groundwater flow directions, and media type. The
conceptual model must address the degree to which the system behaves as a porous media.
If the system is significantly fractured or solution channeled, the conceptual model must
address these issues. '

Hydraulic properties. The hydraulic properties include the transmissive and storage
characteristics of the rocks and properties of the fluids. Specific examples of rock and fluid
properties include transmissivity, hydraulic conductivity, storativity, fluid viscosity and
densities. 'Hydraulic conductivity may also have directionality (anisotropy).

Sources and sinks. Sources‘ or sinks of water or gas impact the pattern and rate of flow and
may affect the transport of radionuclides from the repository. The most common examples
of sources and sinks include pumping or injection wells, infiltration, evapotransporétion,
drains and flow from surface water bodies. At the WIPP reactions between brine and waste
in the repository' may provide a source of gas.

Boundary and initial conditi'ons.v Boundary conditions are the conditions the modeler
specifies, typically on the perimeter of the model domain, in order to solve for the unknowns
in the problem domain. These values may be associated with either the groundwater flow or
the contaminant transport aspects of the problem. Groundwater boundaries may be described
in terms of where water and/or gas are flowing into the groundwater system and where water
and/or gas are flowing out. Many different types of boundaries exist, including: surface
water bodies, groundwater divides, rainfall, wells, and geologic features such as faults and
sharp contrasts in lithology. For example, at the WIPP, pressure boundary conditions for the
Salado have been set to far field fluid pressures. '

The most common contaminant-source boundaries specify the source concentration or

prescribe the mass flux of contamination entering the system. Both type of source boundaries
are currently used in the modeling at the WIPP. ’
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Initial conditions are defined as values of groundwater elevation, pressure, flow volumes, or

contaminant concentrations which are initially assigned to interior areas of the modeled

regions. At the WIPP, pressures in the repository are initially set to atmospheric conditions.

Transport processes. The transport of radionuclides by flow through either a porous matrix
or a fracture system in a porous matrix will be affected by various mechanical and
geochemical processes. The dominant mechanical processes are advection, dispersive effects
(hydrodynamic dispersion, channeling) and diffusion. The chemical processes potentially
affecting radionuclide transport include: adsorption on mineral surfaces (both internal and
external to the crystal structure), speciation, precipitation, colloidal transport, radiolysis,
biofixation, natural organic matter interactions, anion exclusion, and complexation.

 Spatial dimensionality. Groundwater flow and contaminant transport are seldom constrained

to one or two dimensions. However, in some instances, it may be appropriate to restrict the
analysis to one or two dimensions. The decision to model a sitel in a particular number of
dimensions should be based upon the modeling objectives and the availability of field and/or
laboratory data. | -

Temporal dimensionality. Either steady-state or transient flow simulations can be performed.
At steady-state, it is assumed that the flow field remains constant with time, whereas a
transient system simply means one that changes with time. Steady-state simulations produce
average or lbng-teml results and require that a true equilibrium case is physically possible.
Transient analyses are typically pérformed when boundary conditions are varied through time
or when study objectives require aﬁswers at more than one time.

The conceptual model is based on the modeler’s'experience, technical judgment and
represents the modeler’s understanding of the physical system being modeled. The

| conceptual model will become more complex as more processes are identified and

interrelationships of important components within the systems are considered. The

‘transformation of the conceptual model into a mathematical model is only an extrapolation of

a basic understanding of the system will result in sinlpliﬁcations of the system. For

~ example, the mathematical models assume that there is a direct scaling between the model

simulations and the scale at which the data are collected. The lack of knowledge about the
system resulting from limited information also contributes to simplifications of the
mathematical models.
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In addition to the unavoidable simplifications of the conceptual model, there are
simplifications in which the modeler decides what physical characteristics and processes are

important to the model application. Examples of these kind of simplifying assumptions
include:

. Flow through the unsaturated zone iS vertical and in one
- dimension.
. Chemical reactions é;re reversible and instantaneous.
. Soil or rock médium is isotropic and/or homogeneous.
o Flow field is uniform and ‘under. stéady-state conditions.

As more data become available, simplifying assumptions are removed and the conceptual
model complexity increases. This process creates mathematical model development which
allows for the systematic integration of previously neglected conceptual model components.

© 3.2.2 Mathematical Models

~ A conceptual model describes the present condition of the system. To make predictions of
future behavior it is necessary to develop mathematical models. Laboratory sand tanks are
physical scale models that simulate groundwater flow directly. The flow of groundwater can
also be implied using electrical analog models. Mathematical models, including analytical
and numerical methods, discussed below, are more widely used because they are easier to
develop and manipulate.

A mathematical model is essentially a mathematical representation of a process or system -
_conceptual model. For example, the mathematical model for groundwater flow is derived by
applying principles of mass conservation and conservation of momentum. The generally
applicable equation; of motion in groundwater flow is Darcy’s law for laminar flow, which
originated in the mid-nineteenth century as an empirical relationship. Later, a mechanistic
approach related this equation to the basic laws of fluid dynamics. In order to solve the flow
equation, both initial and boundary conditions are necessary. ‘
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Solution Methodology

Every groundwater model is based upon a set of mathematical equations. Solution
methodology refers to the strategy and techniques used to solve these equations.  The
equations are normally solved for water elevations in the subsurface (head) and/or
contaminant concentrations.

‘Mathematical methods developed to solve groundwater flow and transport equations can be

broadly classified as either deterministic or stochastic. Deterministic methods assume that a .
system or process operates such that the occurrence of a given set of events leads to a
uniquely definable outcome. Stochastic methods presuppose the outcome to be uncertain and
are structured to account for this uncertainty. '

Most of the stochastic methods are not purely stochastic because they often utilize a
deterministic representation of soil processes and derive their stochastic nature from their
representation of inputs and/or spatial variation of soil characteristics and resulting chemical

. movement. While the deterministic. approach results in a specific value of a soil variable

(e.g., solute concentration) the stochastic approach provides the probability of a specific
value occurring at any point. : :

The development of stochastic methods for solving groundwater flow is a relatively recent
endeavor that has occurred as a result of the growing awareness of the importance of
intrinsic variability of the'hydrogéologic environment. Stochastic methods are still primarily
research tools; however, as computer speeds continue to increase, stochastic methods will be
able to move further away from the research-oriented community and more into mainstream

- management applications. This discussion focuses primarily on deterministic methods.

Deterministic methods may be classified as either analytical or numerical. Analytical
methods usually involve approximate or exact solutions to simplified forms of the differential
equations for water movement and solute transport. Simple analytical methods are baséd on
the solution of differential equations which give qualitative estimates of the extent of
contaminant transport. Such methods are simpler to use than numerical methods and can
generally be solved with the aid of a calculator or computers. Analytical methods are
restricted to simplified representations of the physical situations and generally require only
limited site-specific input data. They are useful for screening sites and scoping the problem
to determine data needs or the applicability of more detailed numerical methods. -
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Analytical methods are used in groundwater investigations to solve many different kinds of
problems. For example, aquifer parameters (e.g., transmissivity, storativity) are obtained
from aquifer tests through the use of analytical methods. To avoid confusion, only analytical

methods designed to estimate groundwater flow and radionuclide transport rates are discussed
in this section. '

Analytical methods that solve groundwater flow and contaminant transport in porous media
are comparatively easy to use. Analytical solutions are generally restricted to either radial
flow problems or to cases where velocity is uniform over the area of interest. Except for
some radial flow problems, almost all available analytical solutions are developed for systems
having a uniform and steady flow. This means that the magnitude and direction of the
velocity throughout the system are invariable with respect to time and space.

Equations of flow and continuity in the form of partial differential equations do not lend
themselves easily to rigorous analytical solutions when boundariés are complex. Generally, a
realistic analytical expression for hydraulic head or concentration as a function of space
cannot be written from the governing equations, boundary and initial conditions, and
therefore analytical methods are generally abandoned and replaced by more sophisticated
numerical methods. N |

Numerical methods provide solutions to the differential equations describing water movement
‘and solute transport using methods such as finite differences and finite elements. Numerical
methods can account for complex geometry and heterogenous media, as well as for
dispersion, diffusion, and chemical retardation processes (e.g., sorption, precipitation,
radioactive decay, ion exchange, degmdaﬁon). These methods always require a digital
computer, greater quantities of data than analytical modeling, and an experienced modeler- -
hydrogeologist. ) | |

3.2.3 Numerical Models

A numerical model for groundwater flow consists of the mathematical framework for the
solution of the material balance equations that govern laminar flow through porous or
fractured media. These mass balance equations are dependent upon physical constraints and
constitutive relationships. The constraints simply state conditions that components of the
mass balance equations must satisfy, whereas the constitutive relationships describe the

3-8



dependence of parameters, in the mass balance equations, on other physical processes.
Furthermore, the mass balance equations are composed of both spatial and temporal terms
both of which require discretization within the model domain. These terms describe the head
or pressure in space and time. Either finite element or finite difference methods can be used
to discretize the spatial term in the mass balance equations, whereas finite differences are
almost always used to discretize the temporal term.

The mass balance equations, physical constraints, and constitutive relationships lead to a
series of equations that must be solved in space and time. The means by which the equations
are discretized, linearized (e.g. Newton-Raphson), organized (i.e, matrix construction) and
solved with either direct or iterative methods is all part of the numerical model. '

3.2.4 Computer Code ’ e

\»

It is hnpbﬁant that the progression from the conceptizal model to the computer model is
documented in detail. The discussion for each component of the conceptual model should
begin with the laboratory or field studies that provide the fundamental characterization data.

Next, the data analysis results that support a particular conceptualization should be presented.

As part of the data afidysis discussion the basis for screening out reasonable alternative
conceptual models should be provided. This type of discussion should be presented not only
for major components of the conceptual model (e.g., Darcian versus non-Darcian flow) but
also for more obscure assumptions (e.g., sorption may be described by a linear isotherm).
Following the development of each major and minor component of the conceptual model, the
formulation of the mathematical models and numerical models should be presented. -

- The linkage betweén the conceptual model(s), mathematical model(s) and numerical model(s) -

should be clearly described. For example, conceptual models generally assume a continuum
in space and time, whereas mathematical models frequently divide space and time into user
specified segments. Furthermore, the implications that this type of simplifying assumption

~may have on the modeling predictions should be presented.

Following the formulation of the numerical model, the computer program is d¢veloped. The
computer program consists of the assembly of numerical techniques, bookkeeping, and
control language that represents the model from acceptance of input data and instructions to
delivery of output. ’ '
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In summary, the conceptual model is a working description of the characteristics and
dynamics of a physical system. Model construction is the process of transforming the
conceptual model into a non-unique, simplified, mathematical description of the physical
system, coded in computer programming language together with a quantification of the
simulated system. An intermediate stép in the model transformation process is the
mathematical model which consists of two aspects: a process equation and a solution
technique to solve the process equation. An analytical solution solves a very simple process
equation analytically by hand calculations. An analytical model solves a more complex, but
still relatively simple, process equation analytically with a computer program. A numerical
model solves a simple or complex process equation numerically with a computer program.
In the context of this document, mathematical model refers to all three solution techniques of
a process equation. The complexity of the process equation dictates the solution technique
required. The model formulation process concludes with the coding of the mathematical
model into computer programming language for performing a specified set of operations.

3.3 CODE-RELATED ISSUES

The determination of a computer code’s acceptability for a particular application at the WIPP
depends on whether the code can meet the modeling objectives. The code evaluation process
must also consider attributes that are integral components of the computer code(s) including:

o Source Code Availability

o History of Use

. Quality Assurance

. Code Documentation

o Code Testing

. Hardware Requirements

. Solution Methodology |

. Code Dimensionality
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3.3.1 Source Code Avaiiabiligv_

Detailed documentation of the software, source code and developmental history is required to
facilitate independent review. Independent evaluation of the reproducibility of the
verification and validation results require compiled version of the code (i.e., computer code
in machine language) should be available to the reviewer, together with files containing the
original test data used in the code’s verification and validation.

3.3.2 History of Use

The evaluation process should rely on documented user experience, in addition to hands-on
experience and testing.. User experience is especially valuable in determining whether the
code functions as documented or has significant errors and shortcomings. In some instances -
users independent of the developer should perform extensive “testing and bench-marking.

3.3.3 Quality Assurance

Code acceptance issues are closely tied to the quality assurance procedures followed during
the developmental process of the computer code. These criteria are associated with the
adequacy of the code testing and documentation.

Quality assurance in modeling is the procedural and operational framework put in place by
the organization managing th¢ modeling program, to assure technically and scientifically
adequate execution of all project tasks included in the program, and to assure that all
‘modeling-based analysis-is verifiable and defensib}e (TAYS85S). \

The American Society of Mechanical Engineers (ASME) Committee on Nuclear Quality -

- Assurance has developed standards for the development and use of computer software used in

“the design and operation of nuclear facilities (ASM90). The standard in NQA-2a-1990
Addenda (Part:2.7) was developed under procedures accredited as meeting the criteria for
American Nauonal Standards It addresses the following:

. general requirements

. software life cycle

3-11



U software verification and validation

. software configuration control
. documentation
. verification reviews
4 problem reporting and corrective action
. access control
. software procurement
. records

Quality assurance requirements in 40 CFR part 194 (§194.23(b)) mandate the use of this
standard as the basis for documenting any computer codes used to support a compliance
application. ‘

* The two major elements of quality assurance are quality control and quality assessment.-
Quality control refers to the procedures that ensure the quality of the final product. These
procedures include the use of appropriate methodology in developing and applying computer
simulation codes, adequate verification and validation procedures, and proper usage of the
selected methods and codes (HEI92). To monitor the quality control procedures and to
evaluate the quality of the studies, quality assessment is applied (HEI89).

Software quality assurance (SQA) consists of the application of procedms, techniques, and
tools through the software life cycle, to ensure that the products conform to pre-specified
requirements (BRY87). This requires that in the initial stage of the software development-
 project, appropriate SQA procedures (e.g., auditing, design inspection, code inspection, "
error-prone analysis, functional testing, logical testing, path testing, reviewing, walk-through)
and tools (e.g.;_,' text-editors, software debuggers, source code comparitors, language
processors) need to be identified and the software design criteria be determined (HE92).

Quality ‘assurance for code development and maintenance implies a systematic approach,

starting with the careful formulation of code design objectives (section 3.2), criteria, and
standards, followed by an implementation strategy. The implementation strategy includes the
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design of the code structure and a description of the wdy in which software engineering
principles will be applied to the code. In this planning stage, measures are to be taken to
ensure complete documentation of code design and implementétion, record-keeping of the
coding process, description of the purpose and structure of each code segment (functions,
subroutines), and record-keeping of the code verification process.

Records for the coding and verification process may include a description of the fundamental
algorithms describing the physical process(es) to be modeled; the means by which the
mathematical algorithms have been translated into computer code (e.g., FORTRAN); results
of discrete checks on the subroutines for accuracy; and comparisons among the codes’
numerical solutions with either analytical or other independently verified numerical solutions.

Software used for compliance assessment should have both internal and external
documentation. Internal documentation, which is part of the source code, describes the
operation of the program and includes the name of the author, other sources of the software,
and its revision history. External documentation includes a software abstract, an on-line help
file stored on the applicable computer system, records of verification and changes, and
formal reports ihcluding a theory manual and a user’s manual.

Code verification or testing ensures that the underlying mathematical algorithms have been
correctly translated into computer code. The verification process varies for different codes
and ranges from simply checking the results of a plotting routine to comparing the results of
the computer code to known analytical solutions or to results from other verified codes.

Traceability describes the ability of the performance assessment analyst to identify the -
- software that was used to perform a particular calculation, including its name, date, and
~ version number, while retrievability refers to the availability of the same version of the

- software for further use. R \’

3.3.3.1 Code Documentation
In .general, the code documentation should describe the theofetical framework represented by
the model on whic;h the code is based, code structure and language standards applied, and

code use instructions regarding model setup and code execution parameters. The
documentation should also include a complete treatment of the equations on which the model
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is based, the underlying mathematical and conceptual assumptions, the boundary conditions
that are incorporated in the model, the method and algorithms used to solve the equations,
and the limiting conditions resulting from the chosen approach. The documentation should
also include user’s instructions for implementing and operating the code and preparing data
files. It should present examples of model formulation (e.g., grid design, assignment of
boundary conditions), complete with input and output file descriptions, and include an
extensive code verification and validation or field testing report.

- Code Documentation Issues. An integral part of the code development process is the
preparation of the code documentation. This documentation of QA in model development
consists of reports and files pertaining to the development of the model and could include: -

o A report on the development of the code including the
(standardized and approved) programmer’s bound notebook
containing detailed descriptions of the code verification process;

o Verification report including verification scenarios, ‘parameter
values, boundary and initial conditions, source-term conditions,
dominant flow and transport processes,

o Onentanon and spacing of the grid and jUStlficatIOIl

* Txme-steppmg scheme and justification;

e Changes and documentation of changes made in code after
baselining;

e  Executable and source code version of baselined code;

°. Input and output (numerical and graphical) for each verification
run;

o Notebook containing reference material (e.g., published papers,

laboratory results, programmer’s rationale ) used to formulate
the verification problem.

Furthermore, the purpose of the software documentation is to (GAS79):

o record technical information that enables system and program
“changes to be made quickly and effectively;
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.o enable programmers and system analysts, other than software
originators, to use and to work on the programs;

. assist the user in understanding what the program is about and
what it can do;

. increase program sharing potential;

. facilitate auditing and verification of program operations;

. provide managers with information to review at significant
developmental milestones so that they may independently
determine that project requirements have been met and that
resources should continue to be expended;

. reduce disruptive effects of personnel turnover;

. facilitate understanding among- managers, developers,
programmers, operators, and users by providing information
about maintenance, training, and changes in and operation of the
softWare;

. inform other potential users of the functions and capabilities of
the software, so that they can determine whether it serves their
needs.

The user’s information could consist of items such as:

o an extended model description;

‘e . model input data description and format;

. type of output data provided;

. code execution preparation instructions;

. sample model runs;

. trouble shooﬁné guide; and

o contact person/affiliated office.

3-15



The programmer’s information could consist of items such as:
. model specifications;
. model description;

. flow charts;

o descriptions of routines;

o database description;

o source listing;

o error messages; and

*  contact person/affiliated office.

The analyst’s information could consist of items such as:

. a functional description of the model;

. model input and output data;

o code verification and ‘validation information; and
o contact person/affiliated office.

The code itself should be well structured and internally well documented; where possible,
self-explanatory parameter,. variable, subroutine, and function names should be used.

3.3.3.2 Code Testing

"Before a code can be used as a planning and decision-making tool, its credentials must be
established through systematic testing of the model’s correctness and evaluation of the -
model’s performance characteristics (HEI89). Of the two major approaches available, the
evaluation or review process is qualitative in nature, while code-testing results can be
expressed using quantitative performance measures. Code testing (or code verification) is
aimed at detecting programming errors, testing embedded algorithms, and evaluating the
operational characteristics of the code through its execution on carefully selected example test
problems and test data sets. ASME standard in NQA-2a-1990 Addenda (Part 2.7) defines
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software verification as the process of determining whether or not the product of a given
phase of the software development cycle fulfills the requirements imposed by the previous
phase.

It is necessary to distinguish between generic simulation codes based on an analytical solution
of the governing equation(s) and codes that include a numerical solution. Verification of a
coded analytical solution is restricted to comparison with independently calculated results
using the same mathematical expression, i.e., manual calculations, using the results from
computer programs coded independenﬂy by third-party programmers. Verification of a code
formulated with numerical methods might take two forms: (1) comparison with analytical
solutions, and (2) code intercomparison between numerically based codes, representing the
same generic simulation model, using synthetic data sets.

It is also important to distinguish between code testing and model testing. Code testing is
limited to establishing the correctness of the computer code with respect to the criteria and -
requirements for which it is designed (e.g., to represent the mathematical model). Model
testing (or model validation) is more inclusive than code testing, as it represents the final step
in determining the validity of the quantitative relationships derived for the real-world system
the model is designed to simulate.

Attempts to validate models must address the issue of spatial and temporal variability when
comparing model predictions with limited field observations. If sufficient field data. are
obtained to derive the probability distribution of contaminant concentrations, the results of a
stochastic model can be compared directly. For a deterministic model, however, the -
traditional approach has been to vary the input data within its expected range of variability
(or uncertainty) and determine whether the model results satisfactorily match historical field

- measured values. This code-testing exercise is sometimes referred to as history matching.

See Chapter 2 for additional Quality Assurance discussions.

.3'.3.4 Hardware Requirements

In general, hardware requirements are rarely a discriminatory factor in the selection of a
computer code. However, a number of the codes that DOE intends to use in modeling the
WIPP will require very sophisticated hardware, not so much because of the intrinsic
requirements of the code but because the processes to be modeled are very complex.
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3.3.5 Mathematical Solution Methodology

Every groundwater or contaminant transport model is based upon a set of mathematical
equations. Solution methodology refers to the strategy and techniques used to solve these
equations. In groundwater modeling, the equations are normally solved for head and/or

- contaminant concentrations. Other disposal system processes will be modeled with codes that
solve for gas-filled porosities and the quantity of radicactive material (in curies) brought to
the surface as cuttings generated by a drilling operation that penetrates the disposal system.

Analytical solutions are used in modeling investigations to solve many different kinds of
problems. For example, aquifer parameters are obtained from aquifer pumping and tracer
tests through the use of analytical models, and groundwéter flow. and contamiinant transport
rates can also be estimated with the use of analytical models.

Numerical models provide solutions to the differential equations describing room collapse,
water movement, and solute transport using numerical methods such as finite differences and
finite elements. Numerical methods account for complex geometry and heterogeneous
media, as well as dispersion, diffusion, matrix deformation, salt creep and chemical
retardation processes (e.g., sorption, precipitation, radioactive decay, ion exchange,
degradation). These methods almost always require a digital computer, greater quantities of
data than analytical modeling, and experienced modelers.

The validity of the results from mathematical models depends strongly on the‘ quality and
quantity of the input data. Stochastic, numericai, and analytical codes have strengths and
weaknesses inherent within their formulations.

" 3.3.6 Code Dimensionality
The determination as to the number of dimensions that a code should be able to sirnula;e is

based primarily upon the modeling objectives and the dimensionality -of the processes the
code is designed to simulate. ’

In determining how many dimensions are necessary to meet the objectives, a basic

understanding is needed of how the physical processes (e.g., salt creep, groundwater flow,
transport, dose rate) are affected by the exclusion or inclusion of an additional dimension.
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The movement of groundwater and contaminants is usually controlled by advective and
dispersive processes which are inherently three-dimensional. Advection is more responsible
for the time (i.e., travel time) it takes for a contaminant to travel from the source term to a
downgradient récéptor, while dispersion directly influences the concentration of the
contaminant along its travel path. This fact is very important in that it provides an intuitive
sense for the effect dimensionality has on contaminant migration rates and concentrations.

As a general rule, the fewer the dimensions, the more the model results will over-estimate
concentrations and under-estimate travel times. In a model with fewer dimensions, predicted
concentrations will generally be greater because dispersion, which is a three-dimensional
process, will be dimension limited and will not occur to the same degree as it actually would
in the field. Similarly, predicted travel times will be shorter than the actual travel time, not
because of a change in the contaminant velocities but because a more direct travel path is
assumed. Therefore, the lower dimensionality models tend to be more conservative in their
pre'dictions and are frequently used for screening analyses. ‘

One-dimensional simulations of contaminant transport usually ignore dispersion altogether,
and contamination is assumed to migrate solely by advection, ‘which results in a highly
conservative approximation. Vertical analyses in one dimension are generally reserved for
evaluating flow and transport in the unsaturated zone. In the 1992 PA modeling of the
Culebra Dolomite, advective and dispersive flow and transport were modeled in two
dimensions with SECO, whereas matrix diffusion was confined to one dimension. This type
of mixed-dimensionality approach is not uncommon early in a modeling analysis..

~ Two-dimensional analyses of an aquifer flow system can be performed as either a planar
representation, where flow and transport are assumed to be horizontal (i.e., longimdinal and
transverse components), or as a cross-section where flow and transport components are =~
confined to vertical and horizontal components. In most instances, two-dimensional analyses
are performed in an areal orientation, with the exception of the unsaturated zone, and are
based on the assumption that most contaminants enter the saturated system from above and
that little vertical dispersion occurs. However, a number of limitations accompany two-
dimensional planar simulations. These include the inability to simulate multiple layers (e.g.,
aquifers and aquitards) as well as any partial penetration effects. Furthermore, because
vertical components of flow are ignored, a potentiaily artificial lower boundary on
contaminant migration has been automatically assumed which may or may not be the case.
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A two-dimensional formulation of the flow system is frequently sufficient for the purposes of
risk assessment provided that flow and transport in the contaminated aquifer are essentially
horizontal. The added complexities of a site-wide, three-dimensional flow and transport ,
simulation are often believed to outweigh the expected improvement in the evaluation of risk.
Complexities include limited site-wide hydraulic head and lithologic data with depth and
significantly increased computational demands. 7

Quasi three-dimensional analyses remove some of the limitations inherent in two-dimensional
analyses. Most notably, quasi three-dimensional simulations allow for the incorporation of
multiple layers; however, flow and transport in the aquifers are still restrained to longitudinal
and transverse horizontal components, whereas flow and transport in the aquitards are even
further restricted to vertical flow components only. Although partial penetration effects still
cannot be accommodated in quasi three-dimensional analyses, this method can sometimes
provide a good compromise between the relatively simplistic two-dimensional analysis and

the complex, fully three-dimensional analysis. This is the case particularly if vertical
movement ‘of contaminants or recharge from the shallow aquifer;through a confining unit and
into a deeper aquifer is suspected. L

Fully three-dimensional modeling generally allows both the geology and all of the dominant
flow and transport proceéses to be described in three dimensions. This approach is usually
'the most reliable means of predicting groundwater flow and contaminant transport-
characteristics, provided that sufficient representative data are available for the site.

3.4 MODEL APPLICATION ~

The application of a generic simulation model to a site-specific problem is often called
"model application" or "(computer/simulation) code application." The application of a ,
generic model to site-specific conditions should follow a well-structured model application "

“ protocol. Such protocols are described by Mercer and Faust (MER81), van der Heijde et. al
(HEI88), and Anderson and Woessner (AND92), among others. Quality assurance m these
types of studies follows the same pattern as discussed for: generic model development projects
and consists of using appropnate data, data analysis procedures, modeling methodology and
technology, administrative procedures and auditing. To a large extent, the quality of a
modeling study is determined by the expertise of the modelmg and quallty assessment teams.
The following discussion is consistent with procedures found in an EPA-sponsored
publication (HEI92). ' '
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Quality assurance in code

such issues as:

Historical review of code verification and benchmarking process;

Correct and clear formulation of problems to be solved;

Project description and objectives;

Type of modeling approach to the project;

Decision whether modeling is the best available approach and if
so, that the selected code is appropriate and cost-effective;

_-Conceptualization of system and processes, including

hydrogeologic framework, boundary conditions, stresses, and
controls;

Detailed description of assumptions and simplifications, both
explicit and implicit (to be subject to critical peer review);

Data acquisition .and interpretation;

Code selection considerations, or justification for modifying an

existing code or developing a new one;

Model 'preparation (parameter selection, data entry or
reformatting, gridding);

Validity of the parameter values used in the model application;

Protocols for parameter estimation and model calibration to
provide guidance, especially for sensitive parameters;

Level of information in computer output (variables and
parameters displayed; formats; layout);

Identification of calibration goals and evaluation of how well
they have been met (e.g., root-mean square €rrors, €tc.);

Role of sensitivity analysis in evaluating parameter uncertainties
and creating probability distributions;

321

application addresses all facets of the modeling process, including



Post-simulation analysis (including verification of reasonableness
of results, uncertainty analysis, and the use of manual or
automatic data processing techniques, as for contouring);

o Establishment of appropriate performance targets which should
characterize the limits of the data; .

. Presentation and documentation of fesults;

. Evaluation of how closely the modeling results answer the
questions raised by management.

QA for model application should include complete record-keeping of each step of the

modeling process. The paper trail for QA should consist of reports and files addressing the
following items:

o Aésumptions and limitations;

. Parameter or input values and sources including rationale for
their selection, range, and distribution;

* Boundary and initial conditions;

. Nature of grid and grid design justification;

. Chaﬁges a.nd verification of changes made in code;

° Actual input used; |
K Output of model runs and interpretation;

) ‘Validation (or ét leaét calibration) of model.

As is the case with code development QA, all data files, source codes, and executable
: versions of computer software used in the modeling study should be retained for auditing or
post-project re-use (in hard-copy and, at higher levels, in digital form) including:

. Version of the source and executable image of the code used;
o Calibration input and output;
. Verification input and output;
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Application input and output (e.g., for each of the scenanos
studled) \

If the code used in the modeling study is modified, then the code should be tested again
according to a standard testing protocol; the code should be subject to the full QA procedure
for code development, including accurate record-keeping and reporting. All new input and
output files should be saved for inspection and possible re-use together with e;ustmg ﬁles
records, codes, and data sets.
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4. Waste Characterization
4.1 INTRODUCTION

Proper characterization of the waste slated for disposal at the WIPP site is an essential
element in assessing whether the repository meets the disposal standards set forth in 40 CFR
part 191. To set the stage for the subsequent discussion, it is first necessary to define certain
terms. Key definitions are as follows:

. A waste characteristic is a property of the waste that has an impact on the
containment of the waste in the disposal system. Examples of waste
characteristics include solubility of radionuclides, ability of the radionuclides
to become part of stable colloids, gas generation potential from corrosion,
microbial degradation or radiolysis, and various strength properties.

. A waste component is an ingredient of the total inventory of the waste that
influences a waste characteristic. Examples of waste components include the
quantity of metals, cellulosics and organic ligands, and the quantity of
radioactivity (curies) associated with each radionuclide.

~ e. - Waste characterization is the process of determining the chemical, radiological,
and physical properties of the waste. Waste characterization techniques
include the use of process knowledge, laboratory and field experimentation,
- literature search, technical Judgement non-destructive examination/assay, and
destructive analysis. '

'This chapter discusses the various regulations including 40 CFR part 191 which drive waste
characterization, the ways in which waste characteristics can impact performance assessment -
(PA), the methods used for characterizing the waste, and the rationale for the waste
characterization requirements of the 40 CFR part 194 rule.

4.1.1 Brief Historv of DOE’s TRU Waste Characterization Program

DOE’s TRU waste characterization program is based on the requirements developed for the
proper handling and disposal of TRU wastes intended for the WIPP. Historically, this
characterization has focused on two types of techniques; empirical — laboratory analyses to
quantify hazardous and radioactive waste constituents such as metals, volatile organic
compounds, Pu-239, etc.; and, informational based — the use of process/acceptable
knowledge derived from site operations to classify wastes according to established categories.
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This report describes the various facilities at TRU waste generator sites that are dedicated to
characterizing TRU wastes via routine or modified chemical and radiochemical analyses.!
Consistent with the 40 CER part 194 rule, these aspects relate to waste components, as
defined above. However, this définition of waste characterization excludes waste
characteristics, which have historically been addressed under experimental programs, such as
the Actinide Source Term Program (ASTP). The definition of waste characterization must

- be expanded accordingly to include these other aspects. As discussed in subsequent sections,
the current DOE waste acceptance criteria and waste characterization guidance documents do
not address the requirements of 40 CFR part 194 concerning waste characteristics.

4.1.1.1 DOE WIPP Waste Acceptance Criteria (WAC)

DOE developed and published tentative criteria for the acceptance of TRU waste produced
under the defense related programs (DOE91) in 1980. These criteria were developed to
ensure the safety.of all operations at the WIPP. The waste acceptance criteria document was
intended to provide: 1) criteria for use in project design; 2) technical justification for the:
-WAC; and 3) quantitative guidelines to be used by waste generators for certifying TRU
wastes. The criteria do not specifically stipulate whether further waste treatment or
processing will be requued but DOE recognized that this decision would have to be made in
the future. Revision 4 of the WAC, published in 1991, included additional criteria relevant
to waste transportation and regulatory requirements for hazardous waste in order to provide a
single, comprehensivé document for all parties involved with the shipment and handling of
WIPP waste. These criteria are summarized in Table 4-1. Revision 4 of the WAC also
describes the relationship among the various DOE guidance documents that address
characterization of TRU wastes, including the WIPP TRU Waste Characterization Quality

- Assurance Program Plan (TRU QAPP) (DOE94b) and the generator and/or storage site
Quality Assurance Project Plans (QAPjPs). However, as discussed below, the WAC
document is outdated and is not integrated with the TRU QAPP.

The Waste Aci:eptance Criteria Certification Comniittee (WACCC) is responsible for

~ developing the WIPP WAC and verifying compliance of TRU waste with the WIPP WAC at
the generator/storage facilities. According to DOE, compliance will be demonstrated
through audits and surveillances at waste generators (DOE91). It should be noted that WAC

! Many standard analytical protocols have been modified to accommodate the analytical and radiological
aspects of analyzing materials heavily contaminated with Pu-239.
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Table 4-1. Summary of Waste Acceptance Criteria and Requirements'

Waste Containers CH | Type 4, - | 55-gal drums, SWBs, No Additional | Same as
321 Noncombustible | or SWB Overpack of Requirements | Transportation
| 55-gal Drums or Test
Bin
RH | Type A, RH Canister No Additional | None
‘Noncombustible Requirements
Waste Package CH | Maximum 55-gal Drums in Two | None Same as
Size dimension Seven Packs, of Two Transportation
3.2.2 specified SWBs
- RH | RH Canister RH Canister None None

Waste Package CH | Drum and Box Seven Packs, or SWBs | None No Additional
Handling Handling Requirements
323 Attachments

RH | Axial Pintle Axial Pintle None None

Same as WIPP

334

Immobilization CH | < 1% Below 10 | None No Additional
3.3.1 ' & | Microns, ' Requirements | Operation
RH | < 15% Below -
200 Microns
Liquids CH | Only Residual < 1 Volume Percent No Additional | < 1 Volume
3.3.2 & | Ligquids (see Requirements | Percent
RH | definitions in
Section 3.3.2.1) -
Pyrophoric CH | <1% < 1% Radionuclides, See Section Same as
Materials & | Radionuclides, No Non-Radionuclide 3.3.5.3 Transportation
333 RH | No Non- Pyrophorics
Radionuclide
Pyrophorics
Explosives and CH | Not Permitted, Explosives and See Section No Additional
Compressed & |49CFR 173 compressed gases are 3.3.5.3 Requirements
Gases RH | Subpart C and G | not permitted
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Table 4-1. Summary of Waste Acceptance Criteria and Requirements (Continued)

TRU Mixed

CH | Hazardous Corrosives-are not WIPP RCRA | No Additional
Wastes & Waste must be permitted parts A& B Requirements
335 RH | Reported Permit
Applications,
WAP, NMD
Specific Activity CH | > 100 nCi/g Same as WIPP None Same as WIPP
of Waste TRU Operations Operations
336 RH | > 100nCifg Same as WIPP None Same as WIPP
TRU Operations Operations
< 23 Ci/liter ’
total

Waste Package

CH

1000 Ibs per drum,

< 21,000 Ibs None None
Weight ‘ 4000 1bs per SWB,
3.4.1 o 7265 1bs per
TRUPACT-II payload,
19,250 1bs per l
TRUPACT-II,
80,000 Ibs GYW (DOT)
RH | < §,000 Ibs RH-Cask TBD None None
Nuclear CH | See List in < 200 g/drum None Same as
' Criticality 34.2.1 < 325 g/SWB, or Transportation
[| Pu-239 FGE) < 325 g/TRUPACT-II
342
RH | <£600g < 325 g/cask None Same as |
Transportation
Pu-239 CH | < 1000 PE-Ci/ | None None None /
Equivalent & package
Activity RH
343 ,
Surface Dose CH | < 200 mrem/kRr | < 200 mrem/kr, DOT | None Same as WIPP
Rate ' Package Limits, and Operations
344 Shielded Packages per
SARP
RH | 95% < 100 | RH-Cask TBD and None None
rem/hr. DOT Package Limits
5% < 1000
rem/hr. '
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Table 4-1. Summary of Waste Acceptance Criteria and Requirements (Continued)

Removable CH | < 50pCi/100 | None None Same as WIPP
Surface & | cnt alpha, v
Contamination RH | < 450 pCi/100
345 cmt’ beta-gamma
Thermal Power | CH | No Limit Report | Refer to Limits in None Same as
3.4.6 if > 0.1 TRUPACT-II SAR Transportation
watts/ft} Section 1.2.3.3
RH | < 300 RH-Cask TBD None None
watts/canister ,
Gas Generation "CH Venfed TRAMPAC Limits: See | NMD SNL Test Plan
347 requirements in Section | Requirements
3.4.7.2, < 500 ppm Apply '
Flammable VOCs;
Chemical compatibility
study; all trace
chemicals < 5 weight
 percent
RH | Vented RH-Cask TBD None Same as CH
Labeling CH | Id Number, | 18’ Number and Waste | Same as DOT | None
348 DoT . Shipping Category
RH | Id Number, RH-Cask TBD TBD None
. Dor '
Data Package/ CH | Certification, Tables 13.1 to 13.3 in | Hazardous PA Data
Certification WWIS Appendix 1.3.7 Waste Package,
"3.5.1 Information, (TRAMPAC) Manifest per | QAPP
Data Format : 40 CFR part | Requirements
262 NMD '
and QAPP
Requirements
RH | Certification, - | RH-Cask TBD TBD None
‘ WWIS
Information,
Data Format
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Table 4-1. Summary of Waste Acceptance Criteria and Requirements (Continued)

Additional CH | None One Shipping Category | Regulations None
Requirements per TRUPACT-II, or Permit
3.6.1 _ : Authorized TRUCON Conditions as

Content Codes, Waste Determined
Aspirated per SARP, by NMED
Payload Control
Procedures

RH | None = | RH-Cask TBD TBD None

— —

1 - Limiting parameters are shown in bold italics.
2 - RH Cask limits have been finalized.

Source: Waste Acceptance Criteria for the Waste Isolation Pilot Plant (DOE91)

audits have not been performed at waste generator sites for the last two years. Historically,
the WIPP WAC has been disconnected from waste characterization activities at the generator
sites, precluding a prospective incorporation of WAC related requirements in generator site’s
ongoing waste generation practices. DOE plans to integrate the WAC in site waste

. generation activities in support of its greater reliance on process knowledge as the main
waste characterization tool for néwly generated wastes (DOE94d). The TRU waste generator
sites differ in their individual approaches to the generation and characterization of TRU
waste.

4.1.1.2 WIPP TRU QAPP.

DOE released Revision B of the TRU QAPP in July, 1994. This document replaced the
Waste Characterization Program Plan for WIPP Experimental Waste and the Quality . :
Assurance Program Plan for the WIPP Expenmental Waste Characterization Program In
the TRU QAPP DOE

identifies the quality of data necessary, and techniques designed to attain and
ensure the required quality, to meet the specific objectives associated with the
Department of Energy (DOE) Waste Isolation Pilot Plant (WIPP) Transuranic
Waste Characterization Program (DOE94b).
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This document provides guidance for the TRU waste generator sites in developing their site-
specific QAPjPs. The QAPjPs contain detailed information regarding how the site will
achieve the data quality objectives (DQOs) for the various waste characterization techniques.
It is worth noting that neither this document nor the DOE Carlsbad Area Office’s (CAO)
guidance on the use of acceptable knowledge provides DQOs for waste characterization
-performed using acceptable knowledge (DOE94b, DOE95¢).

4.2 REGULATORY DRIVERS FOR WASTE CHARACTERIZATION

This section briefly summarizes the various laws, regulations, and agreements which underlie
the WIPP WAC and the specific waste characterization requirements which are distilled from
these sources.” The sources discussed include:

° Agreement for Consultation and Cooperation between DOE and t.he State of
New Mexico ,

. The WIPP Land Withdrawal Act (LWA)

o NRC regulations for the packaging and transportation of radioactive waste (10
CFR part 71) .

. Department of Transportation regulations

e . Resource Conservation and Recovery Act and amendments

J The Federal Facilities Compliance Act (FFCA) of 1992

o EPA Toxic Substance Control Act regulations

. EPA 40 CFR part 191
o EPA WIPP compliance criteria (40 CFR part 194)

From the summary it will be clear that waste characterization, in various forms, is required
not only to satisfy 40 CFR parts 191 and 194, but a variety of other regulatxons and
agreements as well.

In certain instances, the regulatory framework separates the radioactive waste into two
categories: 1) contact-handled transuranic waste (CH-TRU) and 2) remote-handled
transuranic waste (RH-TRU). Definitions and restrictions applicable to each type of
radioactive waste are presented in the ensuing discussion, where appropriate.
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4.2.1 Agreement for Consultation and Cooperation—July 1. 1981

An Agreement for Consultation and Cooperation (the Agreement) between the State of New
Mexico and the U.S. Department of Energy was signed by the parties on July 1, 1981.
Appendix B to this Agreement is entitled Working Agreement for Consultation and
Cooperation (the Working Agreement). Article IV of the Working Agreement provides a
basis for the State to comment on waste acceptance criteria as described in IV.E.1.(c):

DOE has provided this documentation to the State. Any State comments as to
public health and safety concerns. shall be provided to the DOE WIPP Project
Manager within __ 2 calendar days after receipt of documentatlon from DOE.
DOE shall respond to the State comments within __? calendar days after

receipt of such comments. Nothing herein shall preclude further discussions of
the matter or any updates prepared by DOE. Reasonable time frames for State .
comments and DOE response to any DOE updates shall be negotiated by the
principal representatlves of the parties. .

The Agreement and the Working Agreement were modified in November 1984 under the

First Modification to the July 1. 1981 "Agreement for Consultauon and Cooperation" on the
WIPP by the State of New Mexico and the U.S. Department of Energy. Article VI.B of the
Agreement was revised to set certain limitations on remote-handled transuranic waste
including the following maximum values for specified parameters:

volume — 250,000 cubic feet?

surface dose rate — 1,000 rem/h

volume with surface dose greater than 100 rem — 12,500 cubic feet
activity level (averaged over canister volume) — 23 Curies (Ci)/l
amount of radioactivity — 5.1 million Ci

“The First Modification further specified that the concentrations of radionuclides in the
RH-TRU canisters would be determined by one or more of the following methods: "(1)
materials accountablhty, ) classification by source; (3) gross radloactlvuy measurements;

(4) direct measurements of major conrnbutmg radlonuclldes or (5) such other methods as the
parties may agree to."

2 To be negotiated in original agreement.

3 This is 4% of the total waste volume.
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A second modification to the Agreement was imblemented on August 4, 1987 which
included, among other things, amendment of Article VI.E to contain the following
paragraph:

"4. The transportation of radioactive waste to WIPP shall comply with the applicable
regulations of the U.S. Department of Transportation and any applicable
corresponding regulations of the U.S. Nuclear Regulatory Commission. All waste

- shipped to the WIPP will be smpped in packages which the Nuclear Regulatory
Commission has certified for use."

422 WIPP LWA

The WIPP LWA was signed into law on October 30, 1992. Several items in the LWA relate
to waste characterization including relevant definitions and limitations (particularly those
involving RH-TRU waste). The followmg definitions from Sectlon 2 of the LWA are
important to waste characterization: :

"(20) TRANSURANIC WASTE — The term "transuranic waste” means waste
containing more than 100 nanecuries of alpha-emitting transuranic isotopes per gram
of waste, with half lives greater than 20 years, except for—

(A) high-level radioactive waste

(B) waste that the -Secretary has determined with the concurrence of the
Administrator, does not need the degree of isolation required by the disposal
regulations; or

(C) waste that the Nuclear Regulatory Commission has approved for disposal -
on a case-by-case basis in accordance with part 61 of title 10, Code of Fedetal
Regulations. n4

"(3) CONTACT—HANDLED TRAN SURANIC WASTE — The term "contact-handled
transuranic waste" means transuranic waste with a surface dose rate not greater than
200 millirem per hour."

4 The apparent intent of exceptions (B) and (C) is to preclude Slupment to the WIPP of wastes which meet
the transuranic waste definition, but can be properly dlsposed in other than a geologic repository (e.g., greater-
than Class C wastes (as defined in §61.55)).
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"(4) REMOTE-HANDLED TRANSURANIC WASTE — The term "remote-handled
transuranic waste" means transuranic waste with a surface dose rate of 200 millirem
per hour or greater."

Section 7 of the LWA imposes the following Waste—related limitations:

o Restrictions of remote-handled transuranic waste (RH-TRU)
- 1,000 rem/h maximum surface dose rate
- surface dose rate less than 100 rem/h for 95% by volume of all
RH-TRU ‘ '
- Canister activity limited to 23 Ci/liter (averaged over the canister
volume)
- Total RH-TRU radioactivity is limited to 5.1 x 10° Ci

o Repository capacity — 6.2 million cubic feet of transuranic waste

Most of the waste requirements in Section 7 are also included in the First Modification to the
Agreement for Consultation and Cooperation between DOE and the State of New Mexico
(Section 4.2.1 above). ’

In Section 12, Congress - made clear its intent that disposal at the WIPP be limited to TRU
wastes by prohibiting the shipment and disposal of high-level radioactive waste or spent
nuclear fuel.® In Section 16, it further specified that the TRU waste must be shipped to the
WIPP in containers whose design is certified by NRC and whose QA requirements meet
NRC standards. “

S According to the LWA definitions of CH-TRU and RH-TRU, waste with a surface dose of exactly 200
millirem per hour meets both definitions.

6 These terms are defined in Section 2 of the Nuclear Waste Policy Act of 1982 as follows:
12. "High-level radioactive waste™: (A) The highly radioactive material resulting from the reprocessing of
spent nuclear fuel, including liquid waste produced directly in reprocessing and any solid material derived from
such waste that contains fission products in sufficient concentrations; and (B) other highly radioactive material
that the Commission, consistent with existing law, determines by rule requires permanent isolation.
23. "Spent nuclear fuel” means fuel that has been withdrawn from a nuclear reactor following irradiation, the
constituent elements of which have not been separated for reprocessing.
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4.2.3 NRC Regulations for the Packaging and Tra.nsportatlon of Radioactive Waste (10
CER part 71)

In 10 CFR part 71, the NRC sets "(1) requirements for packaging, preparation for shipment,
and tranSportation of licensed materiah and (2) procedures and standards for NRC approval
of packaging and shipping procedures for fissile material and for a quantity of other licensed
material in excess of a Type A quantity"’ (§71.0). Under this rule, packages must be
approved for each specific use. Subpart D of the rule defines the contents of the application
for approval of a transportation package. (In the case of WIPP, the application approval
package is the Safety Analysis Report (SAR) for the TRUPACT-II Shipping Package.
Revision 0 was issued in February 1989. The latest revision is No. 14 which was issued in
October, 1994.) The package description in the approval application must include the
following information with regard to the contents of the shipping package (§71.33):

. Identification and maximum radioactivity of the radioactive constituents
. Identification and maximum quantities of fissile constituents
o Chemical and physical form

o Extent of reflection, the amount and identity of nonfissile materials used as

neutron absorbers or moderators and the atomic ratio of moderator to fissile
constituents :

. Maximum normal -operating pressui'e

. Maximum weight

° Maximum amouﬁt of decay heat

. Identification and volumes of any coolants

The DOE shipping package application for the TRUPACT-II Shipping Package has been
assigned Docket No. 71-9218 by the NRC who issued a Certificate of Compliance No. 9218

7 A Type A quantity is an amount of radioactive material which does not exceed certain isotope-specific
limits stipulated in Appendix A of 10 CFR Part 71.
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(DOES3a) for use of this container to ship CH-TRU.® Revision 5 (June 9, 1994) of this
certificate specifies the following limitations on the contents of the TRUPACT-H based on
the items from §71.33 listed above:

"Dewatered, solid or solidified transuranic wastes. Waste must be packaged in
55-gallon drums, standard waste boxes (SWB) or bins. Waste must be restricted to
prohibit explosives, corrosives, nonradioactive pyrophorics, and pressurized
containers. Within a drum, bin, or SWB radioactive pyrophorics must not exceed 1
percent by weight and free liquids must not exceed 1 percent by volume. Flammable
organics are limited to 500 ppm in the headspace of any drum, bin, or SWB."

. "Contents not to eﬁ:cc_eed 7,265 pounds including shoring and secondary containers,
with no more than 1,000 pounds per 55-gallon drum and 4,000 pounds per SWB."

"Fissile material not to exceed 325 grams Pu-239 eciulvalent with no more than

200 grams Pu-239 equivalent per 55-gallon drum and 325 grams of Pu-239 equivalent
per SWB."

"Decay heat must not exceed values specified in Tables 6.1 through 6.3 of
"TRUPACT-II Content Codes," (TRUCON), DOE/WIPP 89-004, Rev. 6."

"Physical form, chemical properties, chemical compatibility, configuration of waste
containers and contents, isotopic inventory, fissile content, decay heat, weight and
center of gravity, radiation dose rate must be limited in accordance with Appendix
1.3.7 of the application, "TRUPACT-II Authorized Methods for Payload Control,"
(TRAMPAC)."

"Each drum, bin, or SWB must be assigned to a shipping category in accordance with

Table 5, "TRUPACT-I Content Codes," (TRUCON), DOE/WIPP 89-004, Rev. 6, or
must be tested for gas generation and meet the acceptance criteria in accordance with
Attachment 2.0 of Appendix 1.3.7 of the application."

As noted above, the Certificate of Compliance specifies that waste properties are determjnéd
and limited according to the specifications in TRAMPAC. TRAMPAC (Appendix 1.3.7t0 _ |
the SAR) is the.document which provides acceptable methods for the preparation and - S

§ As of the date of publication of this document, the most recent revision to the TRUPACT-II Shipping
Package Application is Revision 14 submitted to NRC by Westinghouse (on behalf of DOE) on October 14,
1994. The current revision and revision date for other related documents are as follows:

* TRUPACT-UI Content Codes (TRUCON) - Revision 8, October 1994
¢ TRUPACT-II Safety Analysis Report (SAR) - Revision 14, October 1994
¢ Certificate of Compliance No. 9218 - Revision 6, March 30, 1995
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characterization of payloads for transport in TRUPACT-II. Parameters for which
TRAMPAC specifically identifies restl'iCtions are as follows: :

. Physical and chemical form of the CH-TRU waste

. Chemicals to ensure chemical compatibility between all constituents in a given
‘ shipment

. Maximum pressure in a package during a sixty-day transport period

. Amount of potentially flammable gases that might be present or generated in

the payload during a sixty-day transport period

o’ Layers of confmentent (e.g., plastic bagging) in payload containers
. Fissile material content for individual paylbad containers and the total package
. Decay heat for individual payload containers and the total backage

* Welght of the individual payload containers and the loaded TRUPACT-II
. Center of grav1ty for the payload assembly to be transported in TRUPACT-II

e Dose rate of individual payload containers, the total package, and three loaded
packages on a truck trailer :

The foregoing discussion is specific to- CH-TRU waste. Curreﬁtly there is no approved

shipping container for RH-TRU waste. DOE plans call for RH-TRU to be shipped in the

RH-72B, which is a scaled down version (5/8 scale) of the NuPac 125B comtainer certified
by NRC and used to ship waste from Three-Mile Island Unit 2 (DOE93a).

The TRAMPAC provides some detail on how various parameters are to be tested. For B

example, Section 9.4, Methods of Determination and Control of Radionuclides, specifies five
allowable methods for the identification and quantification of radionuclides in TRU waste

including:

. passive gamma
. radiochemical assay using alpha and gamma specu-oscopy
. ‘_ passive neutron coincidence counting

e °  passive-active neutron assay

e  calorimetry
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Attachment 3.0 to the TRAMPAC discusses each of the allowable methods including typical
errors, sensitivities, calibration standards, assay procedures, and operator training. These
topics are addressed further in the WIPP Transuranic Waste Quality Assurance Program Plan
(DOE94b) and the site specific Quality Assurance Project Plans. |

4.2.4 U.S. Departinent of Transportation Regulations: 49 CFR part 173 — Shippers —
General Requirements For Shipments and Packaging

The Department of Transportation (DOT) has jurisdiction over hazardous materials shipments
affecting intrastate and interstate commerce (DOE93a). This authority is derived from the
Hazardous Materials Transportation Act of 1975 as amended by the Hazardous Materials
Transportation Uniform Safety Act of 1990. Subpart I of 49 CFR part 173 sets out DOT
regulations for the shipment of radioactive materials. Basically, the DOT regulations provide
that any packagé ‘which meets the applicable requirements of NRC regulation 10 CFR part 71
is authorized for shipment (49 CFR 173.416(b)). The DOT regulations add no additional
waste characterization requirements beyond those already imposed by the NRC. '

4.2.5 Resource Conservation imd Recovery Act

The Resource Conservation and Recovery Act of 1976 (RCRA) and the Hazardous and Solid
Waste Amendments of 1984 (HSWAj provide the statutory framework for the regulation of
hazardous wastes at the WIPP. -Under HSWA, certain "listed" and "characteristic
hazardous" wastes are prohibited from land disposal unless the wastes meet specified
treatment standards or it can be demonstrated to a reasonable degree of certainty that there
will be no migration of hazardous constituents from the disposal unit for as long as the
wastes remain hazardous. Migration of hazardous constituents outside the unit boundary -
must not exceed health-based limits (EPA92). The approach being taken by DOE at the.
WIPP is to seek a no migration variance rather than meet the technology-based treatment
standards. ‘

Requirements of a petition to seek a no migration variance are set forth in 40 CFR part
268—Land Disposal Restrictions. Specific requirements (§268.6) which relate to waste
characterization are: :

§268.6(a)(2) A waste analysis to fully describe the chemical and physical
characteristics of the subject waste [must be provided]
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§268.6(b)(1) All waste .... sampling, test, and analysis data must be accurate and
reproducible to the extent that state-of-the art techniques allow

§268.6(b)(2) All sampling, testing, and estimation techniques for physical and
chemical properties of the waste .... must have been approved by the Administrator

§268.6(b)(3) Simulation models must be calibrated for the specific waste ....
conditions and verified for accuracy by comparison with actual measurements.

The No Migration Guidance Manual for Petitioners (EPA92) elaborates on the waste analysis
dictated under §268.6(a)(2) noting that "proper management of wastes for as long as they
remain hazardous requires that potential incompatibilities and waste transformation
mechanisms be assessed." Some additional guidance provided in the Manual regarding
details of waste descriptions is summarized below: -

e - Waste types and sources _
- applicable waste codes (EPA and industrial)
- ‘waste-generating processes
- hazardous constituents and their properties
- quantities of waste to be disposed
- rate of disposal
- handling and storage practices

] Waste characteristics _
- potential for leachate formation
- waste solubilities
- hazardous-constituent vapor pressures
- other factors affecting waste mobility
- analytical testing results for 40 CFR part 261 Appendix VIII hazardous
constituents reasonably expected to be present in the waste

. Waste incompatibilities
- potential chemical interactions
- . identification and characteristics of reaction products

. Waste transformation mechanisms
' - biodegradation
- photodegradation
- hydrolysis
- oxidation/reduction
- volatilization
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In 1990, EPA granted DOE a conditional no migration variance to permit DOE to implement
an underground test program with a limited quantity of actual TRU waste at the WIPP

(55 FR 47700). DOE subsequently canceled the test program so the no migration variance
was never exercised. However, some of the conditions imposed by EPA in this conditional
variance are instructive as presaging future EPA requirements when DOE seeks a final no
migration variance to dispose of TRU wastes in the repository.’ It is recognized that the
conditional variance was based on short-term no migration considerations over a ten-year test.
phase with particular focus on air emissions. Thus, some of the conditions specified in
granting the variance may not be indicative of requirements for permanent disposal.

In granting the conditional variance, EPA imposed the following requirements relating to
waste analysis:

To ensure that each waste container had no layer of confinement which contains
flammable mixtures of gases or mixtures of gases which could become flammable
when mixed with air, samples of gas from the head space in each container must be
analyzed for hydrogen, methane, and volatile organic compounds. It must also be

- demonstrated that the headspace gas is representative of the gas within all layers of . -
confinement in a container.

To ensure that the wastes to be emplaced are compositionally similar to the wastes on
which the no migration petition was based, representative samples of headspace gas
‘must be analyzed and compared to compositions supplied with the petition. If the
results are not comparable, the waste may not be shipped to WIPP (without treatment
or modification) '

A key finding in the conditional no migration determination was that "if adequate data are
not collected, EPA will not be in a position to approve any no-migration petition for the
operational or post-closure phase.” EPA clearly stated that further characterization of the
waste would be required before a final no migration petition could be considered by the
Agency. EPA noted that, at 2 minimum, wastes should be analyzed for 32 organic
compounds and six metals (Cd, Cr, Pb, Se, Hg, Ag). Testing should include headspace
analysis of all waste types for the organics and analysis of sludges for both organics and
metals. c : : '

4.2.5.1 RCRA part.B Permit Application

Since New Mexico is authorized by EPA to permit facilities which treat, store and dispose of
radioactive mixed waste, the RCRA part B Permit Application must be submitted to the New

9 DOE submitted a draft petition to EPA for a disposal phase no-migration variance in May, 1995.
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~ Mexico Environment Department (NMED). In February 1991, DOE submittéd a RCRA part

B Permit Apphcatlon for the Test Phase and in May 1995 (Revision 5) for the disposal

. phase 10

The draft part B Permit Application contains a Waste Analysis Plan which was prepared in
accordance with EPA guidance (EPA94). According to the Permit Application (Revision 5),
the following waste is unacceptable for management at the WIPP facility:

. Ignitable, reactive and corrosive waste (Free liquids, explosives, compressed
gases, oxidizers, and non-radioactive pyrophorics are prohibited.)-

o Headspace gas volatile organic compounds (VOCs) in concentrations resulting
in emissions not protective of human health and the environment

- -

. Incompatible wastes (Waste must be compatible with container, cask, and
TRUPACT II materials as well as other waste.)

e Compressed gases

. Free liquids (Residual liquids in well-drained containers must be less than 1%
by volume.)

e Waste with 50 parts per million or more of polychlorinated biphenyls (PCBs)

o particulate waste not solidified, stabilized, or cdnsolidatgd |

o Wastes with EPA codes ndt listed in the RCRA part A permit application
The Waste Analys1s Plan further specifies all waste comamers (for both newly-generated and ’
retnevably-stored wastes) undergo headspace gas analysis for total VOC concentrations. '
Based on results and trends DOE may propose in the future to reduce the sampling

frequency. Homogeneous solids and _soil/gravel wastes will be periodically sampled for |,
VOCs, semi-volatile organic compounds, and metals. ' Debris wastes will be characterized on

 the basis of acceptable knowledge rather than examination and/or assay. The physical form

of all retrievably-stored wastes will be determined by radiography or visual examination.

10 New Mexico’s RCRA regulations (HWMR-7) mirror the Federal RCRA regulations.
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4.2.6 Federal Facilities Compliance Act of 1992 (Public Law 102-386)

The FFCA is an amendment to the Solid Waste Disposal Act (SWDA) (42 U.S.C 6981)
which, among other things, imposes certain restrictions on DOE regarding the storage of
mixed wastes.!! After October 6, 1995, DOE can continue to store mixed waste without

~ violation of Section 3004(j) of the SWDA only if a plan has been submitted to EPA, or to a
state agency authorized by EPA to regulate the hazardous components of the mixed waste,
and has been approved by the appropriate agency. An order requiring compliance with the
plan must also have been issued. According to Sec. 102 © of the FFCA, the requirement
does not apply to facilities subject to existing agreement, permit, administrative, or judicial
order. For example, a tri-partite compliance agreement among DOE, EPA Region X, and
the State of Washington exists for the Hanford Site which takes precedence (DOE9%4a).
‘While the FFCA does not, per se, require waste characterization, the compliance plans may.
The FFCA does, however, require that DOE generate an inventory of mixed wastes. Some
of the specified elements of this inventory include:

. a description of each type of mixed waste including the name of the waste
strea.

e - the EPA hazardous waste code for each type of mixed waste that has been
characterized at each DOE facility'?

. an inventory of each type of waste that has not been characterized by sampling
and analysis at each DOE facility

° the basis of DOE’s determination of the applicable hazardous waste code for
each type of mixed waste and a description of whether the determination is -
based on samplmg and analysxs or on process knowledge

The FFCA also requires that DOE develop and submit Site Treatment Plans for the
development of treatment capacity and technologies for handling mixed waste. Required
inventory reports and plans are described in Section 3021 of the FFCA. Mixed waste

1! Mixed wastes are wastes which contain a hazardous component regulated under the Resource
Conservation and Recovery Act and a radioactive component regulated under the Atomic Energy Act.

2 EPA Hazardous Waste Codes are found in 40 CFR parts 260 - 270.
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inventory reports have been completed (DOE94c) and Draft Site Treatmerit Plans have been
summarized in a recent DOE report (DOE94a). The National Summary Report (DOE94a)
noted that about one-third of the existing mixed TRU waste can probably be shipped to the

~ WIPP without further treatment, but the balance will require additional treatment to meet the
expected waste acceptance criteria. Thus, at least implicitly, the FFCA requirements will
result in increased understanding of the characteristics of the waste destined for the WIPP.
Existing and proposed DOE facilities to treat mixed TRU waste are as follows:

o Existing Facilities

- Idaho National Engineering Laboratory

- Rocky Flats Environmental Technology Site
- Argonne National Laboratory - East ~ -

- West Valley Demonstration Project!®

J New Facilities

- - 'Hanford Site
- Argonne National Laboratory - West

- Idaho National Engineering Laboratory

- Nevada Test Site

- Rocky Flats Environmental Technology Site
- Oak Ridge Reservation '

- Savannah River Site' |

Comments derived from information contained m the Site Treatment Plans for several of
these mixed TRU treatment facilities are noted below.

Rocky Flats Environmental Technology Site (RFETS)
RFETS estimates the following distribution of mixed 'TRU wastes (RFP94):
e Meets WIPP WAC and TRAMPAC — 52.4%

. Test and possibly repackage for TRAMPAC — 30%
Immobilize for WIPP WAC — 5.4% '

13 TRU’wasta at West Valley are not defense related and therefore are not slated for disposal at the WIPP.

4 According to DOE94a, Vol II, the Savannah River Site has deferred treatment until more deﬁnmve
information is available regardmg the WIPP WAC ,
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Neutralize for WIPP WAC — 4.4%
7 Oxidize for WIPP WAC — 1.2%
¢ - Incomplete data — 6.6%

Acéording to the draft site treatment plan, RFETS proposes to construct a facility which will
include capabilities for repackaging, immobilization, neutralization, and oxidation. This
facility is planned for operation in 2008.

As noted aboye, approximately 30% of the RFETS waste will require testing to determine
whether the gas-generation requirements of TRAMPAC (see Section 4.2.3) will be met.

Nevada Test Site (NTS)

Mixed TRU waste at the Nevada Test Site (NTS) was shippé'd there from Lawrence
Livermore Laboratory between 1974 and 1990 (NTS94). Since this waste is poorly
characterized and may be in oversized packaging, NTS is proposing to construct a TRU
Waste Certification Building, which, if funded, would be operational in FY 1999.
Operations will include breaching, sampling, and repackaging waste, and certifying that the
containers meet the WIPP waste acceptance criteria.

Idaho National Engineering Laboratory (INEL)

INEL has identified 52 waste streams, some portion of which will require treatment to meet
the WIPP WAC (IDA94). Facilities proposed to handle these projected needs include the

~ Remote Mixed Waste Treatment Facility (RMWTF), the Idaho Waste Processing Facility

(IWPF), and several Generator Treatment Plan (GTP) sites to handle small waste volumes.

The IWPF is designed to include the following treatment technologies: stabilization,

- amalgamation, sizing, and incineration. The RMWTF is designed to handle RH- and

CH-TRU wastes containing reactive metals.

Argonne National Laboratory - East (ANL-E)
ANL-E has'a few cubic meters of acidic waste water which must be treated in a proposed
precipitation/filtration unit prior to shipment to WIPP (ANL94). The wastewater will be

neutralized, heavy metals will be precipitated, and residual sludge will be stabilized. Other
 ANL-E waste streams can be sh1pped without treatment.
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" Oak Ridge National Laboratory (ORNL)

ORNL is proposing the construction of a Waste Handling and Packaging Plant (WHPP) to
handle five of its six waste streams (OAK94). The sixth waste stream is subject to CERCLA
action under an existing agreement involving the State of Tennessee. The WHPP would
contain a sludge mobilization facility which would fluidize waste from storage tanks and
transfer it to the processing facility. In the processiﬁg facility, which consists mainly of a
bank of hot cells, wastes will be remotely dried, assayed, packaged, and checked for
contamination. Hot cell operation is dictated by the fact that a significant fraction of the
ORNL wastes are RH-TRU. Start up tests for the WHPP are projected for 2005.

Other DOE Locations

Draft Site Treatment Plans at other TRU waste generator sites ‘such as Lawrence Livermore
and Los Alamos National Laboratories, the Savannah River Site, and the Mound Plant are
much less specific as to planned actlons

4 2.7 TSCA: 40 CFR part 761— PCB Manufacturing. Processing, Dlsmbutlon n
Commerce and Use PI‘OhlblthIlS

Unlike the RCRA regulations, the TSCA regulations do not provide for the issuance of no
migration variances. Thus, waste containing PCBs must be treated to meet TSCA
requirements before disposal (IDA94). Generally speaking, §761.60—Disposal
requirements—specifies that PCBs at concentrations of 50 ppm or greater must be treated in
a licensed incinerator. Alternate methods of disposal which achieve the same level of
perfonhance in destroying PCBs as incinerators may be approved by EPA (§761.60(¢)).

The draft site treatment plans prepared by INEL and Rocky Flats have noted that PCB-
contaminated TRU waste at those facilities must be treated (IDA94 and RFP94). INEL
states that wastes "will be treated to meet TSCA requirements” while Rocky Flats says that
"PCBs must be.destroyed or oxidized to meet WIPP WAC."

As discussed above in Section 4.2.5.1, Revision 5 of the WIPP RCRA part B Permit
Application prohibits "waste with equal to or more than 50 parts per million (50 milligrams
per liter) polychlorinated biphenyls (PCBs)." The Waste Analysis Plan indicates that
transformer oils containing PCBs have been identified in a few waste streams included in the
organic sludges summary category and consequently these streams must be examined for
PCBs
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Revision 1 of the WIPP Baseline Inventory Report (WTWBIR) states that 13 TSCA waste
streams cannot be accepted at the WIPP under the terms of the draft RCRA part B Permit
Application and are consequently excluded from the WTWBIR (DOE95a).

4.2.8 Environmental Protection ‘Standards for Management and Disposal of Spent Nuclear
Fuel, High-Level and Transuranic Radioactive Wastes (40 CFR part 191)

Subpart A, Environmental Standards for Management and Storage, of this rule sets annual
dose equivalent exposure standards for the maximum off-site individual during facility
operation as follows (50 FR 38085):

o whole body — 25 mrem
. thyroid — 75 mrem
o other critical organ — 25 mrem

These standards, coupled with DOE Order 6430.1-General Design Criteria, were used as the
basis for setting the upper limit on TRU waste packages received at the WIPP at 1,000
Curies of Pu-239 equivalent activity'’ (DOE87). Inhalation dose calculations are based on
particles having a 1 pm Activity Median Aerodynamic Diameter. Assumed accident
scenarios set the particle size distribution for drum handling mishaps which, in turn, lead to a
particle size specification in the WIPP WAC. Wastes not meeting the particle size
specification mat require treatment prior to shipment to the WIPP. Distribution of drums of
waste with high curie contents may be important in analyzmg releases from drilling
intrusions.

Subpart B, Environmental Standards for Disposal, and Subpart C, Environmental Standards 'l
for Ground-Water Protection, of the amended rule (58 FR 66414) prescribe the long-term.

‘containment requirements which the WIPP must meet and defines performance assessment as

the basis for assessing compliance with the cumulative release limits in Subpart B.
Performance assessment will establish, through iterative calculations, an envelope of waste
acceptance criteria which, if met, should provide a reasonable expectation that the disposal
standards can be achieved for the regulatory life of the repository. ’

15 Pu-239 equivalent curies are used to normalize the inhalation hazard of various transuranic nuclides to
that posed by Pu-239.
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4.2.9 Criteria for the Certification and Re-certification of the Waste Isolation Pilot Plant’s

Compliance with the 40 CFR part 191 Disposal Regulations (40 CFR part 194)

The WIPP LWA orders EPA to promulgate, through a formal rulemaking process, the
criteria which the Agency would use to assess DOE’s compliance with the 40 CFR part 191
disposal standards at the WIPP. §194.24 of the rule deals with waste characterization and
requires DOE to identify the chemical, radiological, and physical characteristics of all
existing waste, and to the extent praéticable, to-be-generated waste, proposed for disposal at
the WIPP. DOE can use process knowledge, non-destructive examination/assay, and other
methods to provide this waste description.

DOE is further required to substantiate that all waste characteristics which could impact
containment of wastes by the disposal system have been identified and their impact assessed.
Waste characteristics include, inter alia, radionuclide solubility, ability of radionuclides to
exist in stable colloidal suspensions, gas generatioh potential, and shear strength. DOE must
also substantiate that all waste components which influence the critical waste characteristics
are identified and their impact assessed. Waste components include, but are not limited to,
'such items as the activity of each radionuclide, metals, cellulosics, cheating agents, and
water and other liquids.

Using this information, DOE is required to set limits on those waste components judged to
be important and to show that, when all of these' components are set at the designated
limits, 'S the disposal system will meet the mumeric requirements of §191.34 and §194.55. It
is then incumbent on DOE to ensure that the waste actually emplaced in the WIPP falls
within these limits. E ‘

4.3 IMPACTS OF WASTE CHARACTERISTICS AND COMPONENTS ON
PERFORMANCE ASSESSMENT

Generally speaking, waste characteristics are determined through laboratory and fields studies
or through literature assessment combined with technical judgementl -Waste components tend
to be measured on an on-going basis. As discussed in the following paragraphs, both waste
characteristics and waste components can affect performance assessment. : :

' In some cases, the upper limit on a component will produce the more conservative result while in other
cases the lower limit will be controlling. For example, solubility of actinide elements generally increases as the
pH of the solution is lowered. Thus one would want to specify the minimum quantity of ‘components which
would tend to increase pH.
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4.3.1 Waste Characteristics

Waste characteristics can be broadly divided into four categories according to what they
affect: mobility of actinide elements in solution, strength, fluid flow, and gas generation in
the sealed repository (SAN92). These categories are discussed in general terms in this
section and in more detail in sections 4.3.5 and 4.3.6.

4.3.1.1 Mobility in Solution

It is expected that under certain conditions the WIPP wastes will be exposed to brines.

These brines can be the result of seepage of Salado Formation brines through the repository
walls, seepage of brines from the overlying Rustler Formation through poorly sealed shafts
or boreholes, or from flow of Castile Formation brines released by an inadvertent borehole
(or boreholes) into the waste-filled rooms of the repository. The quantity of brine to which
the waste is exposed is dependent on several factors including the stage of the creep closure
of the room, the source of the brine, capillary effects, and the gas pressure in the room. The
brine can mobilize the actinide elements in the waste by two mechanisms—solubility and
formation of stable colloids. Solubility- of the actinides is a complex function of brine
strength, pH, oxidation state of the actinide species, carbon dioxide levels, and presence of
organic ligands which can form soluble complexes with the actinides. Conditions for the

- formation of various types of stable colloids are still being examined in the laboratory. Once
the actinide elements are mobilized, there are several conceptual mechanisms available by
which they can be transported to the accessible environment. If the actinide elements are not
mobilized in the brine, the only mechanism available for release from the disposal system is
via waste-laden material brought to the surface as the result of inadvertent drilling.

4.3.1.2 Waste Strength

Waste strength enters into performance assessment calculations in several ways. The ;
crushing resistance of the waste provides a back stress which opposes the creep closure of
the bedded salt surrounding the waste and consequently slows the closure process. 'Room
collapse, which is in part linked to crushing resistance, determines the porosity in the waste
as a function of time. This porosity, in turn, is used in equations to calculate the flow of
brine through the waste. In addition to the crushing resistance (i.e., volumetric plasticity as
a function of pfessure), other waste parameters needed for the constitutive equations used to
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calculate the waste response to stress are shear modulus, bulk modulus, and yield function
constants. The constitutive parameters have been assumed based on educated guesses.

While SNL believes these parameters are of secondary importance, they have recommended
that bounding ‘studies be conducted using extreme values of these parameters to provide an
indication of disposal room response (LAB9S). The crushing resistance has beeil obtained
from laboratory experiments using simulated waste mixtures. From these experiments, a
composite repository-wide curve of mean stress versus volumetric strain was developed based
on an assumed waste weight mix of 28% metals (including the container), 28% combustibles,
and 44% sludges (LAB95)."” This curve was used in the 1992 WIPP Performance
Assessment (PA) (SAN92, vol. 3; p. 2-71). Conceptually, the waste mix fits the definition
of a waste component which influences a waste characteristic—the crushing resistance.
Assessment of the response of the room to collapse also requires knowledge of the initial
waste porosity. This waste characteristic can also be derived-from the densities of the .
components which make up the waste. ' ’

The shear strength of the waste is needed to analyze the amount of waste which might be'
eroded from the wall of an intruding borehole by the action of the drilling fluid. Dependmg
on the type of analysis performed, the tensile strength of the waste may also be needed to
assess the amount of spallatlon which occurs. in a borehole due to gas pressure release within
the waste.

4.3.1.3 Gas Generation Within the Waste

Several mechanisms have been identified which can cause significant quantities of gas to be
generated by the wastes after emplacement (BRU94). The principal gas generation
mechanisms are related to the anoxic corrosion of certain metals and the anaerobic mierobial "
degradation of cellulosics and other organic compounds. (Oxygen initially present when the
‘disposal rooms are sealed is consumed in a reasonably short period producing an oxygen-free
environment. ) Quantmes of gas produced by radiolysis and release of volatile organic -
compounds are small by comparison. .

"The anoxic corrosion of ferrous metals reqmres the presence of water, which is consumed in
the reaction while hydrogen is produced. This water can be initially present in the waste,

17 Based on mformanon in DOE95a, the current weight fractions are 0.59 sohd orgamcs 0.13 solid
inorganics, and 0.28 sludges.
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brine which seeps into the disposal room from the surrounding formations, and/or brine
which is released by an intruding borehole from a reservoir in the underlying Castile
Formation. For gas generation to proceed at a significant rate, the ferrous metals must be
inundated by water. The rate is reduced by three to four orders of magnitude when exposure
is limited to water vapor. Aluminum and its alloys can be similarly involved i in anoxic
corrosion also producing hydrogen.

Microbial degradation of cellulosics and, perhaps, plastics and rubber, can produce a variéty
of gases including hydrogen, methane, hydrogen sulfide, carbon dioxide, and nitrous oxide.
For this to happen, the following conditions must all be met:

. the microorganisms are present when the repository is sealed

4 the microorganisms pers1$t for a significant fraction of the 10 OOO-year
‘ repository life

. adequate water is present
. sufficient oxidants are present-
. - sufficient nutrients such as P and N are available

If the gas pressure generated by these mechanisms exceeds the lithostatic pressure of the
surrounding rock formation (i.e., about 14.8 MPa or 150 atmospheres), several disposal
system responses are possible. The relatively brittle anhydrite interbeds above and below the
repository horizon could fracture providing enhanced pathways for transport of radionuclides
to the accessible environment, the creep closure proceés could be reversed, and/or brine
could be driven from the disposal rooms causing the gas-producing reactions to cease.

Recent work has shown that gas spallation processes can cause significant quantities of waste
to be transported to the surface from an intruding borehole. These‘processes become |
significant when the pressure in the waste exceeds the fluid pressure-of the dnllmg mud at
the base of the borehole (about 8MPa)
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4.3.1.4 Fluid Flow

.SNL uses the computer code BRAGFLO to model two-phase flow in various regions of the
repository. The mass balance equations in BRAGFLO employ effective pérmeability k;
which is the product of the intrinsic permeability and the relative permeability of the ith
phase (i.e., gas or water). In the 1991 and 1992 WIPP performance assessments, the
intrinsic permeability of the waste was set at 1x10"” m’ based on some experimental work
-with simulated waste (SAN92). The relative permeabilities of the gas and the liquid were
derived from empirical composite curves based on measurements in many porous materials
such as sand, sandstone, and clay as a function of liquid saturation (i.e., the amount of pore
space in the waste occupied by liquid at any point in time). These empirical curves require
assumptions as to the residual brine saturation, the residual gas saturation and a pore shape
distribution parameter. In addition, the BRAGFLO equations also require specification of the
capillary pressure which is assumed, based on an émpirical relationship, to be a function of
intrinsic permeability and a factor which reflects parametric uncertainty. Since no WIPP
waste-specific data exist for capillary pressure or relative permeability, a hlgh degree of
parametric uncertamty exists for waste-related flow properties.

.4.3.2 Waste Components

Waste components can be generally divided into those which influence certain waste

~ characteristics thus indirectly influencing PA, and those which directly influence performance
assessment. The former category would include such items as quantities of gas generating
materials, physical waste composition (i.e., waste volume mix), and quantities of constituents
affecting waste mobility (e.g, organic ligands). The total quantity of various actinide.
elements present in the waste will govern whether the amount of the actinide species »
mobilized in the waste is limited by the solubility of the element in intruding brines or by the
total inventory of the element in the waste. Waste components which directly influence
performance assessment generally relate to.the quantities of radloactmty in the waste (i.e.,

“its curie contem:)

The curie content of waste enters explicitly into performance assessment calculations in two
ways. First, it is used to set the release limits in accordance with Table 1 of 40 CFR part
191. For TRU radionuclides, the release limits in Table 1 are based on one million curies of
alpha-emitting transuranic radionuclides with half-lives greater than 20 years. Thus, if the
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WIPP repository hypothetically contained 5 million curies of TRU radionucl'ides, the release
limits used in determining compliance with §191.13 would be five times the values listed in
Table 1. A feature of 40 CFR part 191 is that the allowable releage is linearly proportional
to the amount of TRU waste emplaced in the repository. Second, the variability in the curie
content from drum to drum may be used to calculate the variability in the quantity of
radioactivity released to the land surface from a borehole which inadvertently intercepts the
waste. The quantity of radioactivity in the waste also enters into performance assessment
indirectly. For example, when coupled with the amount of brine in-flow into a disposal
room, the quantity of radioactivity determines whether the concentration of a muclide in
solution is limited by solubility (including colloidal formation) or by the total radionuclide
inventory. |

At a more fundamental level, the quantity of radioacti\?ity~»detennines whether the waste .
meets that TRU waste definitional specification of 100 nanocuries per gram of waste.
Wastes containing less than 100 nanocuries per gram are Classiﬁed as low-level wastes and
are excluded from disposal at the WIPP. "

4.3.3 Current and Projected Waste Inventory at the WIPP

Waste destined for disposal at the WIPP is to be packaged in 55 gallon steel drums, Standard
Waste Boxes (which are 1.9 m® steel containers designed to fit into a TRUPACT-II shipping
package), and cylindrical canisters for RH-TRU. Based on a waste volume of 0.208 m® fora
: 55-gallon drum, the capacity of the repository is 846,000 drum equivalents.'* Each disposal
room within the repository is nominally slated to receive 6,804 drums.

According to Revision 1 of the WIPP Transuranic Waste Baseline Inventory Report
(WTWBIR), the DOE TRU waste generator sites currently have in inventory 73,000 rp’ of
CH-TRU and 1,200 m® of RH-TRU waste (DOE95a). Thus, the current inventory is
approximately 41% of CH-TRU eapacity and 17% of RH-TRU capacity. The sitcs"éxpect to
' generate an additional 51,000 m’ of CH-TRU waste and 3,600 m® of RH-TRU waste in the
future. Since the curreht'inventory plus the volumes of waste projected to be generated

~ before repository closure are less than the statutory/regulatory capacity of the répositdry,}
DOE, for scoping purposes, scales the projecied inventory so that the statutory capacity is

18 The term drum equivalents is used to reflect the fact that not all the waste is packaged in 55-gallon
drums. The drum-equivalent calculation assumes a repository volume of 176,000 m’.
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reflected in total inventory numbers. For example, since the currently anticipated RH-TRU
“volumes are 4,800 m®, and the capacity as limited by DOE’s agreement with the State of
New Mexico is 7,080 m®, an additional 2,280 m® of waste are added to the anticipated RH-
TRU quantity to reach the repository limit.!* CH-TRU is treated similarly. Details are
presented in Table 4-2. |

~ Table 4-2. Transuranic Waste Disposal Inventory for WIPP (Cubic Meters)

Contact Handled Waste
Combustible 7.1E+03 | 27E+04 | 34E+04 |  6.2E+04
~ Filter ; 4.3E+02 1.1E+03 - - 1.5E+03 2.6E+03
Graphite 6.7E+02 4.3E+01 ~ T.1E+02 7.6E+02
Heterogenous . 3.0E+04 4.6E+03 3.5E+04 3.9E+04
Inorganic Non-metal 1.2E+03 3.2E+02 1.5E+03 1.8E+03
Lead/Cadmium Metal Waste 5.6E+01 1.3E+02 1.8E+02 3.1E+02
Salt Waste . 3.3E+01 6.0E+01 9.2E+01 1.5E+02
Soils 3.7E+02 4.5E+02 8.3E+02 1.3E+03
Solidified Inorganics 1.7E+04 8.0E+03 - 2.5E+04 34E+04
Solidified Organics 1.5E+03 3.0E+02 1.8E+03 2.1E+03.
Uncategorized Metal 1.2E+04 . 8.6E+03 2.1E+04 3.0E+04
Unknown 1.7E+03 0.0E+00 1.7E+03 1.7E+03
Total CH Volumes "7.3E+04 5.1E+04 1.2E+05 1.8E+05
Remote Handled Waste o |
Combustible 1.5E+01 3.2E+00 1.8E+01 2.0E+01
Filter : 8.9E-01 2.1E+00 3.0E+00 4.3E+00
Heterogenous , 44E+02 |  3.3E+03 3.8E+03 ~ 5.9E+03
Lead/Cadmium Metal Waste - 0.0E+00 - 6.0E+00 6.0E+00 9.8E+00
Salt Waste 0.0E+00 2.8E+00 2.8E+00 4.6E+00
Solidified Inorganics 6.1E+02 1.7E+02 7.9E+02 9.0E+02
Uncategorized Metal 8.8E+01 8.6E+01 1.7E+02 23E+02 - |
Unknown -1.1E+01 24E+01 3.5E+01 3.5E+01
Total RH Volumes 1.2E+03 3.6E+03 4.8E+03 7.1E+03
Total TRU Waste Volumes 7.4E+04 L_5.4E+04 1.3E+05 1.8E+05
—_—— ————— —

Source: WTWBIR, Revision 1, Table 3-5

¥ In its WTWBIR documentation, Hanford submitted two "suspect” RH-TRU waste streams with a volume
of 41,232 m®. Since no radionuclide information was available on these streams, they were not included in the
scale-up in Revision 1 of the WTWBIR, but it should be noted that the volume of these two streams is six times
the allowable RH-TRU capacity of the repository.
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TRU waste is a complex mixture of sludges, metals, combustibles such as paper and rags,
soils, filters, graphite, etc. As discussed above, these waste components can influence
actinide solubility, gas generation, and waste strength characteristics. Table 4-3 provides a
comparison of the relative compositions of the CH-TRU and RH-TRU wastes based on the
data in Table 4-2 (DOE95b). |

Table 4-3. Estimated Composition' of Waste Disposal Inventory at WIPP Repository

Capacity (DOE95b)

Combustible | 34 <1 33
Filter \ 1.4 <1 2
Graphite <1 | (U 1 ]i
Heterogeneous Waste : 22 83 24 |
Inorganic Non-Metal Waste 1 0o 1 l
Lead/Cadmium Metal Waste <t <1 | <1 |
Salt Waste <1 <1 <1 |
Soil 1 0 1
Solidified Inorganics 19 13 19 |
Solidified Organics 1. 0 1 JI
Uncategorized Metals? 17 3 16 |

| Unknown® _ | 1 1

! Totais may not add to 100% due to 'round.ing.
? Includes all metals/alloys except lead and cadmium. '
3 Waste is presently uncharacterized but will be characterized prior to shipment to WIPP.

In developing the information contained in Tables 4-2 and 4-3, DOE prepared proﬁles for
approximately 360 waste streams at various generating sites. The profiles were then assigned
to one of approximately 130 waste matrix codes (WMC) and the WMCs were categorized
into one of thirteen Waste Matrix Code Groups (WMCG) (DOE95a). The WMC numbers
and the WMCG descriptions are shown in Table 4-4. |
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Table 4-4. Waste Matrix Code Group Names
(Source: WTWBIR, Revision 1, Table 1-2)

Solidified Inorganics

1110', 1120!, 1130, 1140', 1190', 1200', 1210', 1220!,

1000, 1100,
1230, 1240, 1290', 30002, 3100, 3110°, 31113, 31123, 3113, 31153,
3116%, 3119%, 3120, 3121, 3122, 3123, 3124, 3125, 3129, 3130,
31313, 3132, 3139' 3, 3150, 3190, 39002, 6100%, 6120%, 6130°,
6140°, 61904, 62007, 62108, 62308, 62907, 7300%, 91002, 9200°

Salt Waste 30007, 3140, 3141, 3142, 3143, 3149, 3900?

Solidified Organics 2000, 2100, 2110', 2120, 2190', 2200%, 2210, 2220', 2290}, 2900',
30002, 3114, 3200, 3210, 3211, 3212, 3213, 3219, 3220, 3221, 3222,
3223, 3229, 3230, 3290, 3900%, 6100, 61 10s 6190‘ 62007, 62907,
91002, 9200°

Soils 4000, 4100, 4200, 4900

Uncategorized Metal (Metal Waste | 5000°, 5100, 5110, 5190, 62007, 62208, 7000, 7490'!, 9300"

Other Than Lead and/or Cadmium

Lead/Cadmium Metal 5000°, 5120, 5130, 62007, 62208, 7000'°, 7200, 7210, 7220, 7400",

7410", 7420", 9300'°

Inorganic Non-Metal Waste

5000°, 5200, 5210, 5220, 5230, 5240, 5290

Combustible 5000°, 5300, 5310, 5311, 5312, 5313, 5319, 5320, 5330, 5390
Graphite 5000%, 5340 - |

Heterogenous 5000°, 5400, 5420, 5430, 5440, 5450, 5490, 62007, 6220%, 62907
Filter [ 5000°, 5410 '

Excluded Waste? 5250, 5350, 6300, 6400, 7100

Unknown®® 8000, 8100, 8200, 8900

— ——

! Liquid waste streams are assumed to be solidified prior to sending to WIPP.

2 WMCs 3000, 3900, 9100, and 9200 are placed in "solidified inorganics,” "salt waste," or "solidified
organics," depending on the information provided by the TRU waste generator/storage site.

3 particulate waste streams are assumed to be solidified pnor to sending to WIPP.

* WMCs 6100 and 6190 are placed in "solidified organics,” or "solidified inorganics,” depending on t.he
information provided by the TRU waste generator/storage site.

5 Liquid lab pack waste is assumed to be solidified prior to sending to WIPP.

6 Solid lab packs are assumed to be solidified prior to sending to WIPP.

7 WMCs 6200 and 6290 are placed in "solidified organics,” “solidified inorganics,” or "heterogeneous” if the
waste stream must be solidified per the generator/storage site. They are placed in "uncategorized metal,"
or "lead/cadmium metal waste" if they are primarily nonreactive metal contaminated with reactive metal.
Reactive waste streams must be treated prior-to shipment to WIPP.

8 Waste stream is assumed to be treated prior to sending to WIPP. Volume change is prov1ded by the TRU

waste generator/storage site.
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? WMC 5000 is placed in "uncategorized metal‘," "lead/cadmium metal,” "inorganic non-metal,”
"combustible,” "graphite,” "heterogeneous,” or "filter,” depending on the information provided by the

generator/storage site.

' WMC 7000. and 9300 are placed in "uncategorized metal” or "lead/cadmium metal,” depending on the
information provided by the generator/storage site.

"' WMCs 7400, 7410, 7420, and 7490 are assumed to be drained of liquid and contain only metal waste.

12 These waste streams are excluded from disposal in WIPP at this time, e.g., PCB and asbestos wastes (see

Table 3-2).

13 If adequate information is provided by the generator/storage site, these WMCs are changed. If there is not

enough information, these waste streams remain as "unknown" and are excluded from disposal in WIPP

until characterized.

Because various waste material parameters (i.e., waste components) are important to
performance assessment calculations, the WTWBIR provides estimates of the mix of

materials expected in the inventory.

densities, are summarized in Table 4-5 for CH-TRU waste (DOE95a).

Table 4-5. WIPP CH-TRU Waste Material Parameter Disposal Inventory
(Table 5-1 from DOE95a)

For example, iron and aluminum are important to assess
the amount of hydrogen gas which might be generated by anoxic corrosion if these metals are
exposed to brine. The estimated ranges for these material parameters, expressed as material

Tnorganics Iron Based 2.1E+03 8.3E+01 0.0E+00
Aluminum Based 1.0E+03 1.2E+01 0.0E+00
Other Metals 1.4E+03 2.7E+01 0.0E+0Q0
Other Inorganic 2.1E+03 3.9E+01 0.0E+00
Organics Cellulose 9.6E+02 1.7E+02 _ 0.0E+00
Rubber 6.8E+02 2.1E_01 0.0E+00
Plastics 8.9E+02 5.3E+01 0.0E+00 -
Solidified Materials | Inorganic 2.2E+03 1.3E+02° 0.0E+00
Organic 1.4E+03 8.4E+00 0.0E+00
Soils 1.6E+03 5.7E+00 0.0E+00
Container Materials | Steel , 1.4E+02
“Plastic/Liners 3.3E+01
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Using the average values from this table, the waste material density in a drum is 550 kg/m’.
Based on the statutory waste volume, the total weight of waste in the repository would be
about 97 million kilograms (210 million pounds). The waste containers will add another 170
kg/m? to the inventory or 30 million kilograms (66 million pounds).

4.3.4 Identification of Significant Radionuclides
In addition to information on physical and chemical parameters, the WITWBIR also includes
information on the radioactivity associated with the wastes. The estimated radionuclide

inventories in the WTWBIR, scaled to statutory capacity, are:

] "CH-TRU — 3.60 million curies
. RH-TRU — 2.11 million curies

" Details are included in Table 4-6.

Table 4-6. Major Nuclides in Disposal Radionuclide Inventory
(Source: WTWBIR, Revision 1, Table 4-2)

Am-241 2.23E+05 5.30E+02
Bal37m - |  503E+03 - 3.10E+05
Cs-137 1 5.32E+03 3.28E+05
| hﬁ Pu-238 1.89E+06 .  3.53E+03 B
Pu-239 ‘ | 3.85E+05 6.41E+03
Pu-240 720E+04 1.74E+02
Pu-241 _ 1.01E+06 9.06E+02
: Fﬁs:-m; | 4.0TE+03 6.68E-+05
( u2ss 1.38E+03 8.57E+02
Y90 " | - 407E+03 _ 6.68E+05
TOTAL, major nuclides | 3.60E+06 , 1.99E+06
L TOTAL, all nuclides 3.60E+06 2.11E+06
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Virtually all (i.e., 99.4%) of the CH-TRU radioactivity is associated with only five
nuclides—Am-241, Pu-238, Pu-239, Pu-240, and Pu-241. In the case of RH-TRU, 93.5% of
the curie inventory is attributable to four fission products (Cs-137, Sr-90, Y-90, and Ba-
137m) with half-lives of 30 years or less. Because most of the RH-TRU inventory is
composed of nuclides with short half-lives, DOE has estimated that the contribution of RH-
TRU to the total radionuclide inventory in the repository will decline from about 37%

initially to about 1% after slightly more than 200 years (DOE95b). Based on the specific
activity of the five major CH-TRU nuclides, the total quantity of these radioactive materials
in the WIPP is about 7,000 kg or about 0.005% of the total inventory mass. The total
quantity of other very long-lived uranium and thorium radionuclides is about 104,000 kg.

Accurate data on the fractional abundance of each radionuclide contained in TRU waste are
necessary because differences in solubility, mobility, and half-life determine the extent to
which specific radionuclides reach the accessible environment in a given scenario. The
behavior of uranium isotopes U-233 and U-234 provides a good example of the importance
of understanding the radionuclide composition of TRU wastes in assessing their potential
migration to the accessible environment. In the 1992 performance assessment (SAN92),
U-233 and U-234 were estimated to comprise approximately 0.06 percent of the initial
.inventory, yet they accounted for about 21 percent of the projected 'discharge to the
accessible environment (for the E1E2 scenario at 1,000 years with fracture flow, matrix
diffusion, and no retardation). Accurate determination of the uranium inventory is thus very
important, even though its quantity is minor compared to plutonium and americium
radionuclides. '

4.3.5 Determination of Actinide Solubility Limits

Actinide solubility in the Castile or Salado brines that come in contact with the waste is
generally thought to be one of the most important parameters for calculating releases to the
accessible environment (SAN92). Because actinide solubility is not well understood, there is
considerable uncertainty in estimating the quantities of plutonium, americium, and uranium in
solution. Estimates of the solubilities of actinide species expected in TRU wastes had a
range of 13 orders of magnitude in the 1992 performance assessment (SAN92). The mean,
median, and range of values used in SAN92 were obtained by expert elicitation.
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In éddition to pure solubility (where solid material is dissolved in the liquid) which can be
affected by brine salinity, pH, Eh, and the presenée of chelating agents and other chemical
constituents, there are concerns and greater uncertainty about the possible concentrations of
colloidal dispersions (very fine particles in the 0.001 to 0.1 ym diameter range that can
remain suspended in the liquid). Colloid formation was not considered in the 1992 PA
(SAN92).

To provide more defensible information, DOE has been conducting laboratory experiments

on actinide solubility and colloid formation under the Actinide Source Term Program (ASTP)
(LOS93, NOV94a, NOV94b). The ASTP has been using small-scale laboratory experiments
to develop a conceptual model of actinide solubility. DOE intends to verify this model using
large-scale tests (the Source Term Test Program-STTP) with TRU wastes. These tests are
currently in process at Los Alamos National Laboratory (LANL) Questions remain
regarding the extent to which these studies are representative of actinide mobility in TRU
wastes under disposal conditions. For the final Compliance Certification Application, DOE
is proposing to include a look-up table which will define solubilities in various environments.

The solubility (or dissolved species) model is an "equilibrium thermodynamic model based
on the Pitzer formalism for activity coefficients in concentrated electrolytes” (BYN95). The
dissolved species model is developing experimental solubility data, in brines of various
compositions and ionic strengths, for five actinide elements—americium, neptunium,
thorium, uranium aﬁd plutom'um-in four valence states—+III, +IY, +V, and +VIL.

- Ultimately, the dissolved species model is expected to provide to performance assessment the
solubility for these five actinide elements as a function of:

i oxidation state

. brine type

™ pH )

. PCOZ

. 'organic ligands

The partitioning of the actinide elements between the four possible oxidation states must also
be specified for PA. In recent modeling studies, solubility ranges of 1 to 10"'° were assigned
- for all oxidation states with median values ranging from 107 moles per liter for +IV to 10*

- moles per liter in the +VI oxidation (SNL95). Suggested oxidation state distributions in the

4-35



same study were:

e . Americium — all +III

o Thorium — all +IV

. Urgmu{’n 0 t0 20% +VI, balance: randomly distributed among +1III, +IV
and +

. Neptunium - randomly distributed between +IV and +V

.o Plutonium — O to 20% + VI, balance: randomly distributed among +I11,
+IV, and +V

The specification of the oxidation state distribution for each element poses some difficult
technical questions. Since the disposal room environment is-expected to become anoxic early
in the life of the repository, logic would suggest that the actinide elements will exist in their
reduced oxidation states (NOV94a). However, research has showli that alpha radiolysis can
convert Am+1II to Am+V (NOV94a) and the presence of carbonate stabilizes plutonium in
the +VI state (REE94). Consequently, DOE chose to use statistical sampling to characterize
the mix of oxidation states for the various actinide elements to be included in PA. The
STTP may provide additional experiméntal insight into these distriﬁutions (NOV9%4a).

Based on experimental work under the ASTP cin-rently in. progress, DOE plans to refine the
data used in the dissolved species model by the end of the first quarter of 1996 and use these
data in the final compliance certification application (BYN95).

- 4.3.6 Determination of Gas eration Rates

Volatile organic compounds (VOC:s) present in TRU waste can vaporize after waste
emplacement in the disposal system and create a potential problem for compliance wnth
RCRA regulations. Gases other than VOCs are also expected to be generated in the waste as
a result of corrosion, microbial activity, and radiolysis. These processes are expected to
produce gases in much greater quantities than from VOCs present in the waste and represent
the principal mechanisms of concern in performance assessment.

In PA, it is necessary to evaluate the combined effect of gas generation on waste storage
room closure and brine inflow. The pressure resulting from significant gas generation could

retard the rates of both room closure and brine inflow. In the absence of any gas generation
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there would be no retardation of room closure rates or brine inflow. The determination of
the rates for room closure and brine inflow requires complex modéling with computer codes
where coupling of physical processes is difficult and use of parameters that have not been
measured on actual or, in many cases, even simulated waste.

~ An analysis of the combined effect of room closure and brine inflow requires an assessment

- of which occurs first. If complete closure occurs before brine inflow, the enclosed space’s
very low permeability and porosity could effectively minimize any future brine inflow and
mixing with waste. The amount of contaminated brine available for release by drilling would
thus be mini'mal Conversely, if brine inﬂow occurs before complete room closure, there
could be extensive mixing of disposal system contents with brine, creating a s1gmﬁcant
amount of contaminated brine available for release in a drilling puncture.

Gas generation is also directly related to actinide solubility, discussed in a previous section.
Preliminary work under the ASTP indicates that the presence of carbon dioxide gas (CO,)
directly affects the solubility of plutonium, uranium and other actinides under laboratory
conditions (SAN93). The applicability of this information to actual TRU wastes under
disposal conditions remains to be demonstrated. As previously mentioned, gas generation
can also impact the amount of waste spallation associated with drilling events.

Waste 'components will affect gas generation rates and processes. The amount of gas
generated by corrosion is directly related to the quantity and type of metal present in waste
and waste containers, the surface area of the waste, and available moisture.- The amount of
gas generated by microbial activity is related to the amount of available moisture and
cellulosic material (e.g., paper, cloth, and wood). Radiolytic gas generation is a function of
~ the amounts of alpha radioactivity, moisture, and cellulosic material present. |

 The initial liquid content of the waste may be important to its gas generation characteristics
(SAN92). Table 3-1 of the WIPP WAC notes that, as a guideline, residual liquid in well-
drained contamers should be restricted to ‘approximately one volume percent of the internal
container, with' the aggregate amount of residual liquid less than one volume percent of the
external container (DOE91). The residual liquid limit could be checked in three ways:

o -Upon assembly of the drum by personnel at the waste generator site;

. By radiography performed on site by waste generators durmg the drum
' certification process

. During visual examination of a container, as applicable
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While the combination of these three techniques appears adequate to meet the residual liquid
criterion, the use of one technique alone may not suffice. For example, radiography has not
been demonstrated to be a fail-safe method for detecting containers of liquids within a waste
drum. In January 1993, a full 8-ounce can of adhesive was missed by an operator
conducting Real-Time Radiography (RTR) at INEL, and later discovered during the visual
examination of the drum contents. Radiography detects movement of liquids within a
container; therefore a completely full container could be missed.

4.3.6.1 Average Stoichiometry Model

The average stoichiometry model was used to calculate quantities of gas generated in the
1992 performance assessment (SAN92). DOE also plans to use this model for calculations in
the final Compliance Certification Application (NOW95). The average stoichiometry model
is part of BRAGFLO—a computer code which calculates two-phase flow in the repository.
Thus, brine and gas flows into and out of the repository are coupled to gas generation (i.e.,
pressure). Sufficiént gas pressure can also cause fracturing of the nearby anhydrite,layeré‘
increasing their permeability. In addition, BRAGFLO uses a porosity surface developed by
the SANCHO/SANTOS computer codes to simulate room closure. This porosity surface is a
function of the amount of gas present at any point in time. In this way, gas generation is
also coupled to the geomechanical behavior of the disposal rooms. 7

The average stoichiometry model considers the anoxic corrosion of ferrous materials and the
anaerobic degradation of cellulosics and rubbers, and calculates the quantity of gas generated
and the quantity of water consumed. DOE has discussed the fact that aluminum and its
alloys could behave in a similar manner to ferrous matefials,‘ but have not included aluminum
corrosion in the model.”” The model does not include possible gas consuming reactions nor
-does it address other possible gas producing mechanisms such as radiolysis. :

% Based on the information contained in Table 4-5, it can be estimated, using average values, that the .
amount of hydrogen produced from ferrous metal corrosion could range from 6.9 t0 9.2 x 10® moles depending
on which corrosion reaction occurs and assuming the presence of sufficient water to consume all the iron.
Similarly, the amount of hydrogen produced by the corrosion of all of the aluminum would be 1.2 x 10® moles
or 11 to 14% of the amount from iron corrosion. However, using the maximum values in Table 4-5, the
contribution from alimioum would be more than 50% of the total hydrogen. These calculations assume that 1.5
moles of hydrogen are generated for each mole of aluminum consumed.
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Two possible anoxic corrosion mechanisms are considered in the model:

Fe + 2H,0 = Fe(OH), + H, (1)
3Fe +4H,0 = Fe,0, + 4H,  (2)

Equation 2 produces 33% more hydrogen per mole of iron consumed than does equation 1.
Because uncertainty exists as to which equation prevails, DOE has chosen to treat the
stoichiometry of the reaction as an uncertain variable which is sampled over the range of
possible values for performance assessment calculations. To do this, the two equations above
are combined into an "average” equation as follows: |

Fe + (4+20/3)H,0 = 4-0H, + (3x)Fe(OH)2 = ((1-x)/3)Fe,0,

The values of x are assumed to be umformly dlstnbuted between 0 and 1 for Latin

- Hypercube samplmg puxposes in PA.

Inundated corrosion rates have been developed from laboratory corrosion studies of mild
steels for up to 24 months duration in brine solutions with the pH ranging from an initial
~ value of 6.7 to approximately 8.3 at the end of the tests and a nitrogen overpressure of 10 to
15 atm. The measured hydrogen production rates as a function of time were as follows:

3 months — 0.19 moles H, per m” steel surface per year
6 months — 0.21 moles H, per m? steel surface per year
12 months — 0.16 moles Hz'per m’ steel surface per year
: 24 months — 0.10 moles H, per m? steel surface per year

SNL recommended that a value of 0.1 moles/m*y (3 x 10° mol&s/m sec) be used as the -
- best estimate (i.e., median value) (BRU%4). '

To obtain an:estimate of the maximum umndated corrosion rate, it was assumed that the
actual pH of the brines in the WIPP repository could vary from 3 to-12. Based on work by
earlier investigators cited in BRU94, SNL assumed that the anoxic corrosion rate was
essentially constant between pH 4 and 10.. Outside this range the following pH dependent

" changes were anticipated: at pH 3, the rate was expected to be higher by a factor of 50; at
pH 11, it would be lower by a factor of 0.05; and at pH 12, it would be lower by a factor of
0.005. In addition, it was assumed that the corrosion rate would increase with pressure and
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at lithostatic pressure the rate would be four times higher than under the éxperimental
conditions noted above. Consequently, the maximum rate for inundated corrosion was set at

4 x 50 x 0.1 or 20 moles/m*sy (BRU94). This is equivalent to a maximum value of 6.35 x
107 moles/m?*sec.

Corrosion rate data for humid environments (i.e, where the steel is exposed to water vapor) -
were also developed. Based on the amount of brine present in a disposal room at any given
time as calculated by BRAGFLO, the relative amounts of steel subject to inundated corrosion
and humid corrosion are calculated. For PA purposes, it is necessary to convert these
corrosion rates to a volumetric gas‘ generation rate (i.e., moles H, per m® of repository
volume per, second). This requires information on the surface to volume ratio of the contents
of an average drum. To perform this conversion, SNL assumes that a drum of CH-TRU
waste has an approximate area of 4 m’ and the contents of the drum contribute an additional
2 m? (BRU94). If one assumes that the drum and its contents have the same surface to
volume ratio (as was assumed by SNL in the past) and the surface area of the drum is
actually 4.5 m?, then, from the current average inventory data in Table 4-5, it can be
estimated that the surface area of the ferrous contents of a drum is 2.7 m? and the total
surface area of steel per drum is 7.2 m® which is 20% higher than the value being used in
the 1992 PA (SAN92). For microbial reactions, the following highly generalized équatioh is
used to calculate gas generation (BRU945: |

CH,0 + unknowns + microdrganisms = (5/3)gas + unknowns 3)

CH20; a simplified formula for glucose, is assumed to represent various organic materials
(cellulosics, rubbers, and plastics) preserit in the waste which may be subject to microbial
degradation. The actual reactions which could occur and the extent to which water ‘is
-produced or consumed are subject to a considerable amount of uncertainty. The quantity .of
gas produced could vary from O to 1.67 moles per mole of glucose consumed depending on
which of several possible reactions is assumed to occur. Consequently, the stoichiometric
coefficient is assumed for PA to vary uniformly over this range rather than remain fixed as-
~ shown in equation (3) (SAN92). Plastics and rubbers are expected to be generally more
resistant to microbial degradation than cellulosics (papers and rags), but may be subject to
some radiation-related degradation reducing their resistance to microbial attack. The extent
to which rubbers and plastics enter into the gas generation reactions is uncertain, but should-
be addressed in PA. Similar to the treatment of anoxic corrosion, assumptions were made
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that microbial degradation in humid environments proceeded at some fraction of the
inundated rate. This fraction was assumed to vary uniformly from O to 0.2.

4.3.6.2 The Reaction Path Model

SNL has also developed a more sophisticated model to analyze gas generation, called the
reaction path model. This model includes treatment of oxic and anoxic corrosion of steels
including passivation and depassivation reactions, microbial degradation, radiolysis of brine,
and consumption of carbon dioxide by calcium-bearing species. Unlike the average
stoichiometry model, the reaction path model uses thermodynamic calculations to estimate
phase stability at any point in time. For example, at certain CO, fugacities, iron carbonate
may form which prevents anoxic corrosion of the ferrous.materials. If the CO, fugacity is
reduced sufficiently, the passivating layer can decompose allGWing corrosion to proceed..
While SNL has judged this to be the most comprehensive gas generation model (BRU94),
DOE decided that the average stoichiometry model will be used for compliance
demonstration. This decision is based on the position that PA has shown a low sensitivity to
gas generation and the reaction path model is "unnecessarily costly in time and resources for
PA calculations” (NOW95). The model will be retained to support calculations related to
actinide chemistry. | '

4.3.7 Establishing the Waste Envelope.

‘For the Compliance Certification Application, DOE will conduct performance assessments
using the available information on waste characteristics and waste components, which must
-demonstrate that the WIPP complies with §191.13 and §194.34. Many of the waste

' properties will not be precisely known values which can be used for input to PA as
constants. Rather, they will be imprecisely known variables for which a range and ..
probability distribution function will be assigned. The PA process will define an acceptable
envelope of waste propertiés which will ensure compliance with the regulations on a '
statistical basis. This is not to say that some individual complementary distribution functions
(CCDFs) produced from particular combinations of uncertain parameters may not exceed the
limits in §191.13, but it is required that the mean CCDF comply with §194.34(f) (i.e., there
is 95% confidence that the mean of the population of CCDFs meets the disposal standards in
§191.13). -



Once an acceptable waste envelope has been defined through PA calculations, DOE must
have procedures in place to ensure that the actual wastes fall within this envelope. It is
conceivable that an actual waste component could lie within the range used to develop the
waste envelope, but have a different probability distribution function than was assumed in the
PA calculations used for compliance determination. Compliance might not then be
demonstrable with actual waste. To preclude this possibility, 40 CFR 194.24 contains
procedures for showing compliance at the waste envelope limits. These procedures are
discussed in Section 4.6.

4.4 METHODS FOR CHARACTERIZING WIPP WASTE INVENTORY

The DOE/CAO Quality Assurance Program Description (QAPD) (DOE95c¢) is the quality
management document that identifies the quality requirements applicable to WIPP waste_
characterization. ‘The QAPD establishes the minimum requirements for the development of
QA programs for the National TRU Programs Office (NTPO) and the generator sites’
QAPjPs. The DOE states that the requirements in the CAO QAPD "are based on the QA
requirements and criteria contained in 10 CFR §830.120," and that the QAPD is "consistent
with applicable Environmental Protection Agency (EPA) requirements" (DOE94d).

- As mentioned previously, the controlling document for TRU waste characterization is the

TRU QAPP (DOE94b). This document outlines two approaches, one for retrievably stored

wastes and one for newly generated wastes. Both approaches are based in large part on the

waste classification system presented in the WTWBIR.? DOE asserts in the WTWBIR that

the Waste Matrix Codes (WMCs) used to categorize wastes have been established based on -

"grouping wastes with similar physical and chemical properties."* In the TRU QAPP, :
DOE states their rationale for using WMCs to track TRU wastes: J |

2 The waste classification presented in the WTWBIR was initially developed by DOE and was 'p'rmnted in !
the DOE Waste Treatability Group Guidance (DOE95) which was prepared to meet the requirements of the
Federal Facilities Compliance Act (FFCA) of 1993. This approach was used in DOE’s Mixed Waste Inventory
Report (MWIR) (DOE93). ‘

2 Tt should be noted that wastes may be categorized differently depending on the’ waste management
objective, e.g., for purposes of storage, transportation, or treatment. For example, wastes with the same WMC
would be stored together due to their similar physical or chemical nature. For transportation, wastes would be
grouped according to different requirements, e.g., the requirements of the TRUPACT-II content codes.
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To ensure consistency throughout the DOE complex regarding TRU waste
inventory information, TRU waste characterization information will be
correlated to the Waste Matrix Codes established by DOE as acceptable to the
WIPP: facility.2

The TRU QAPP states that there are‘three broad groups of WMCs:

. solid process residues — 3000 series
. soils — 4000 series
. debris wastes — 5000 series

Existing wastes in these three WMCs will be considered retrievably stored wastes and will be
characterized directly. Existing wastes in the other WMCs described in Table 4-4 (WMCs
1000, 2000, 6000 and 9000) will require treatment prior to slnpment to the WIPP and will
then be considered newly generated wastes. Wastes will be characterized for disposal in
accordance with the approach outlined below. The Acceptable Knowledge Guidance Manual
(DOES5¢) states that

Four broad matrix parameter categories of waste are used to describe the
physical form of the waste and to determine TRU waste characterization
requirements: homogeneous solids (summary category S3000), soil/gravel
(summary category S4000), debris wastes (summary category SSOOO) and
special wastes (summary category S7000).

Thé Acceptable Knowledge Guidance Manual further states that Series 7000 (special) wastes
will be classified as RCRA hazardous in the same manner as the Series 5000 (debris) wastes
(DOE94b). For both waste types, the determination of their RCRA hazardous classification
will be made using acceptable knowledge alone, without corroborative empirical sampling |
- and/or analysis. A generalized flow diagram for TRU waste characterization is presented in
Figure 4-1. The specific approaches for characterizing newly generated and retrievably
stored wastes provide statistically derived means to select waste containers from all three
WMCs for verification by visual examination, and waste containers from series 3000 and
4000 WMCs for RCRA characterization. ‘ ~

B Many wastes will have other identification codes that are no longer used as well as EPA derived
hazardous waste codes assigned.to them. This creates considerable confusion.
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The steps in characterizing newly generated and retrievably stored waste are as follows:

®  establish profiles for waste streams

.. using process knowledge, assign waste containers to waste étreams

o assign a waste matrix code to each waste stream

. test all waste containers using headspace gas analysis, radiography, and
. radioassay

o select statistically determined number of waste containers for RCRA

characterization and/or visual examination, depending on the assigned WMC

. determine if waste is hazardous and develop a WMC description

In addition, for newly generated wastes, it is necessary to verify that the waste generating
processes have operated within the profile’s established administrative controls.

The information listed above must be coordinated with a consideration of the manner in
which the waste stream is defined. The definition applicable to TRU waste is found in
DOE’s Acceptable Knowledge Guidance Manual (DOE95¢), and is of fundamental
importance to TRU waste characterization because "waste characterization and DQO
activities are performed on a waste stream basis" (DOE95c). For the purposes of
characterization, TRU waste streams are distinguished on the basis of three factors:

o the summary category of the waste (WMC, WMCQG, etc.)
. the waste’s status (newly generated or retrievably stored)
. the waste gensis (continuous process or batch)

The combination of these three factors determines the waste stream’s anticipated variability
and the extent of verification required. Additionally, waste streams are identified on the

" basis of their waste characterization objectives as defined by the applicable regula_tdry
requirements, e.g., RCRA, TRUPACT-II, etc. "

DOE’s TRU Waste Characterization Program currently consists of the following six
activities: radiography, radioassay, headspace sampling and ahalysis, solid process residues
and soils sampling and analysis, visual examination, and use of acceptable knowledge/process
knowledge. Other aspects of TRU waste characterization typically involve scientific research
(actinide solubility, etc.) to define waste characteristics (see Section 4.3.1). Radiography,
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Perform solid process residues
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radioassay, headspace sampling and analysis, solid process residues and soils sampling and
analysis, visual examination are summarized in the sections below, and the use of acceptable
knowledge/process knowledge is discussed in greater detail in Section 4.6.

All TRU waste generators currently perform some waste characterization activities on site,
although their capabilities vary considerably. The major TRU generator facilities are: Idaho
National Engineering Laboratory, Oak Ridge National Laboratory, the Rocky Flats
Environmental Technology Site, Savannah River Site,;Hanford, Los Alamos National
Laboratory, the Nevada Test Site, Lawrence Livermore National Laboratory, Argonne
National Laboratory-East, Argonne National Laboratory-West and the Mound Plant
(DOE9%4d). Some of these sites have multiple facilities involved with some aspeet(s) of TRU
waste generation, characterization, and storage. As indicated in Table 4-7, these sites have a
- mix of equipment required to perform the analytical techniques listed above.

Table 4-7. Waste Charactenzanon Capabilities of Ten Mam TRU Waste Generators

Oak Ridge Nauonal Laboratory (ORNL) RT RA VE SA HG’
Hanford (HANF) : : RT RA VE' HG® SS§*
I1daho National Engineering Laborat(;ry (INEL)! ’ RT RA HG VE SA SS
Argonne National Laboratory-East (ANL-E) : RA HG
Savannah River Site (SRS) - ' RT RA
Rocky Flats Environmental Technology' Site (RFETS) HG RT RA VE SS SA
Los Alamos National Laboratory (LANL) ‘ | - RT RA HG VE SS SA‘
Lawrence Livermore National Laboratory (ILNLj RA VE HG RA
Nevada Test Site (NTS)* ' | -~
"Il Mound Plant (MOUNDY* - | - ,
RT = Radiography . HG = Headspace Gas Sampling and Analysis '
RA = Radioassay SA = Solid Residue Analysis
VE = Visual Examination SS = Solid Residue Sampling

! Includes Argonne National Laboratory-West (ANL-W).

2 Expected to have this capability by FY 1996.

3 Expected to have this capability by 2002.

* NTS currently plans to use the mobile TRU characterization system being developed by LANL.
5 Mound’s plans for TRU characterization are currently uncertain.
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In general, facilities that either have historically produced or currently' manage plutonium or
plutonium-bearing wastes as part of their routine operations have radioassay facilities for the
purpose of nuclear accountability. These facilities can be used for waste characterization
purposes. Los Alamos National Laboratory is currently developing a mobile TRU
characterization system for use by small-quantity TRU sites (MAR95). While DOE will

require all TRU waste generator sites to be fully capable of certifying their own wastes prior |

to shipment to WIPP, the specific details and logistics regarding characterization are
unavailable at this time.

4.4.1 Radioassay

Radioassay involves a variety of measurement techniques used to determine the radionuclide
" content of a waste container. Typically, TRU waste generators are most interested in certam
radionuclides, specxﬁcally actinide or transuranic species. However, for purposes of
radionuclide inventory, many other radionuclides are quantified predominantly by
measurement of their gamma emission. Generally, TRU waste generators use non-
destructive techniques based on neutron or gamma measurements to quantify the

Physical measurements, i.e., inductively coupled plasma/mass spectrometry (ICPMS), are
also used, but less frequently. Passive Active Neutron (PAN) counting and Segmented
Gamma Scan (SGS) counting are two examples of systems in common use.* PAN is used
to identify and quantify the odd- and even-numbered isotopes of plutonium by measuring
their neutron emission both spontaneously in the passive mode and in response to
bombardment within the detector, the active mode. SGS measures the photon emissions
from a waste container using a standard intrinsic germanium type of photon detection system

coupled with a transmission source, typically Se-75 for assays of weapons grade Pu-239. A .

~ container is divided into a number of segments and each segment is assayed with the
transmission source to develop a waste drum specific photon attenuation correction factor by
segment. Next the drum is measured without the source and the radionuclides of interest are
quantified. Computer enhancement of the data provides a more complete assay of the drum’s
photon emlttmg radlonuclxdw (Pu-239 Am-241, etc.).

% There are other radiometric techniques used for radioassay, such as Pulse Neutron Coincidence Counting
(PNCC) and gamma determinations using a simple unsegmented intrinsic germamum type photon detection
system. Still other methods are cun'ently under development.
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Due to the wide variety of assay systems employed by TRU generators, concerns have been
expressed regarding the comparability of radioassay data among DOE sites. partially in
respohsc to this; DOE recently implemented a performance demonstration program (PDP) for
radioassay techniques comparable in principle to the PDP for Headspace Gas Analysis,
described in Section 4.4.3. PDP participants receive a "standard" waste drum with a known
activity concentration and isotopic distribution. Each participant analyzes the drum and
reports the results to the program coordinator for scoring and statistical evaluation.
Participants are required to use the same techniques for PDP samples as they use for actual
characterization of TRU wastes and are "qualified" for that speciﬁc technique or combination
thereof. Qualification is mandatory and must be maintained to enable a site to certify and
ship TRU waste to WIPP.

4.4.2 Radiography

Radiography is a nondestructive, non-intrusive qualitative technique used to identify the
contents of a waste container. Most DOE sites currently employ Real-Time Radiography -
(RTR), which uses x-rays and a video system to allow an operator to view the container’s
contents in real-time. RTR’s primary use is to examine and verify the physical form of the -
waste and to ascertain that a container complies with the specifications of a content code or
other physical requirements. The Quality. Assurance Objectives (QAOs) for radiography do
not address precision or include specific Minimum Detectable Levels (MDLs) because this
technique is primarily a qualitative determination (DOE94b). A statistically determined
subset of the waste containers examined with radiography will be verified independently by
visual examination (DOE94b). The overall approach to visual examination of waste is

‘ presented in Figure 4-2.

While radiography is generally effective, certain materials, particularly lead liners, are not
readily penetrated by x-rays and render radiography ineffective when they are present ina
waste container. DOE has acknowledged this and states in their Waste Charactcnzauon
Methods Manual (DOE95d) that '

Containers with high density waste (e.g., léaded rubber, cemented sludges) can
only be examined at their edges. In addition to this limitation, waste
- containers that are conﬁgured with a lead liner cannot be examined W1th

radlography
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Figure 4-2. Programmatic Approach to Visual Characterization of TRU Waste
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As discussed in Section 4.3.6, small containers completely full of liquid intermingled with
other waste in a drum can appear to be empty due to the lack of visible fluid movement upon
agitation, and: may be missed by operators. Radiography has historically been performed
manually, which is tedious and labor intensive. However, DOE has been investigating the
feasibility of digitizing the current analog information obtained with RTR and hopes to
realize sufficient gains in efficiency to allow installation of an automated system at INEL and
possibly at other sites. DOE has made the point that there is "no equivalent or associated
method found in EPA sampling and analysis guidance documents."” There are other
industries that use radiography and may have protocols applicable to DOE. DOE further
states in their Waste Characterization Methods Manual that:

Standardized training requirements for radiography operators are based on
existing industry standard training requirements and comply with the training
and qualification requirements of ASME NQA-1, Element 2, except for
Supplement 2S-2 (DOE95d). '

There is no DOE-wide formal certification or accreditation process for radiography operators
and each site specifies how it will achieve the training requirements and QAOs presented in
the TRU QAPP in their QAP;P.

4.4.3 Headspace® Sampling and Analysis

Headspace sampling and analysis are the determination of the chemical composition and
concentration of flammable gases, volatile organic compounds, and other gases contained in
the void volumes of waste containers. These compounds are determined by gas
chromatography and/or gas chromatography-mass spectrometry. TRU wastes are typically
packaged in 208 liter (55 gallon) drums. The drums contain 90 mil polyethylene liners, and
‘inside each liner is a 208 liter polyethylene bag that may contain many other smaller bags
Sampling w1th1n a waste container can occur in three general areas: in the innermost layer
of ‘confinement; i.e., any of the small bags within the drum’s interior; in the spaces within
the drum liner; and under the drum lid, in the space between the drum lid and the sealed

drum liner. The 3-year-old WIPP Performance Demonstration Program for Headspace Gas

% The term "headspace gas” should be interpreted to mean hydrogen, methane, and the volatile orgamc
compounds that exist within a layer of confinement in a TRU waste container (DOE94b).
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Analysis is detailed in DOE92. This program is used to qualify DOE TRU generators to
certify TRU waste containers for shipment to WIPP. Once a participant is qualified using a
technique(s),' the participant may characterize waste containers for shipment to WIPP using
only that same analytical technique(s) used to analyze the PDP samples. participation is
mandatory and blind samples are distributed to all participants annually.

4.4.4 Solid Process Residues and Soils Sampling-and Analysis

“Solid process residue and soil sampling and analysis are used to determine the hazardous

constituents in TRU wastes classified as solid process residues and soils (Series 3000 and .
4000 WMCs). Sampling procedures are based on methods found in EPA’s SW-846 (EPA86)

and are detailed in the Methods Manual (DOE95d). The analyt1cal procedures to be used are .

also based on SW-846 but were modified by Los- Alamos National Laboratory for this
purpose. A fac111ty for these analyses is presently operational at Oak Ridge National

‘Laboratory. The DOE intends to use sampling and analysis pnmanly to verify ,

characterizations made using process knowledge

v4.4.5 Visual Examination

Visual examination is the characterization of the contents of a waste container by physical
removal, inspection, and sorting for the purpose of establishing or verifying that the correct
waste codes have been assigned. - In this time-consuming, hands-on process, the contents of a
drum are unpacked, examined, segregated if necessary, and repackaged Several TRU
generators have modified facilities' that can be used for this purpose.  However, it is not clear
whether DOE will require each TRU waste generator to have this capability on site or if '

' certain sites would be des1gnated to perform this function for others. Argonne National
Laboratory-West has a waste characterization chamber designed for visual examination of

waste containers. DOE considers visual examination to be a means of verifying assumptions
made using process knowledge, e.g., correct waste code assignment and absence of non-
conformmg 1tems (residual liquids, compressed gases, etc.). For newly generated wastes,
DOE intends to use process knowledge and prospective documentation of each waste
container’s contents to ensure each container’s compliance. For all TRU wastes (newly
generated and retrievably stored), DOE says that -

As a QC check, a statistically significant portion of the certified waste
containers must be opened and visually examined. (DOE94b) .
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The actual number of containers examined must be empirically derived by each site annually,
and DOE asserts that

The number of waste containers requiring visual examination will ensure that -
the Program is 80-percent confident that, if the indicated number of waste
containers is examined, the UCLy, of the miscertification percentage will be
less than 14 percent, (i.e., there is only a 10-percent chance that the
miscertification rate is greater than 14 percent). (DOE94b)

4.4.6 Use of Acceptable Knowledge/Process Knowledge?®

Each of the above techniques is intended to complement the waste characterization data
generated using process knowledge. DOE intends to rely heavily on process knowledge for
most WMCs and. to use it as the primary means of waste characterization for newly
generated waste and retrievably stored WMC 5000 wastes (DOE94b) DOE anticipates that
retrievably stored waste will requlre more frequent verification by empirical techniques to -
certify wastes in accordance w1th all applicable requirements. Because process knowledge is

such an important element in waste characterization it is discussed in detail in Section 4.5
below. ‘ -

4.5 USE OF PROCESS KNOWLEDGE (ACCEPTABLE KNOWLEDGE) TO
CHARACTERIZE TRU WASTES

45.1 Deﬁmgon and Regt_llatog Precedegt For the Usg of Process Knowledge (Acceptable
Knowledge)

The DOE recently released guidance to address the use of acceptable knowledge/process

,‘knowledge for the characterization of TRU wastes (DOE95c). Th1s guidance document
provides the following:

. definitions for acceptable knowledge and process knowledge

. guidance to distinguish types of waste streams for waste characterization
purposes |

% The term process knowledge has historically been used to refer to what DOE currently ‘calls acceptable
knowledge. As defined by DOE (DOE95¢) and discussed in the text, acceptable knowledge is a broad category
of types of information that includes process knowledge.
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. classes of acceptable knowledge |

- Quality Assurance requirements for the use of acceptable knowledge to
characterize TRU wastes

specific requirements for zicceptable knowledge documentation

* The document summarizes DQE’_s approach to the use of process knowledge for

characterizing TRU wastes that previously was scattered among many DOE and CAO
documents (DOE94b, DOE94e, DOE95c). In this document, DOE has followed EPA’s
approach of defining process knowledge as a subset of acceptable knowledge (EPA92). DOE

" defines acceptable knowledge as follows:

Acceptable knowledge includes process knowledge and results from previous testing,
- sampling, ‘and analysis. associated with the waste. Acceptable knowledge includes
information regarding the raw materials used in a process or operation, process
description, products produced, and associated wastes. Acceptable knowledge
documentation may include the site history and mission, site-specific processes or
operations, administrative building controls, and all previous and current activities
that generate a spec1ﬁc waste. ‘

DOE also states that-

Acceptable knowledge refers to information that can be used for waste
characterization in lieu of waste sampling and analysis conducted in accordance with
the requirements specified in the Transuranic Waste Characterization Quality
"Assurance Program Plan, and may include process knowledge and the results of
previous surrogate waste samplmg and analysxs

DOE defines process knowledge as lelows:

Process:knowledge is a term used by the EPA to refer to detailed information on a
waste: that is obtained from existing published or documented waste analysis data or
studies: conducted on hazardous wastes generated by process[s] similar to that which
generated the waste.  Process knowledge describes the process or operation that
‘generated the waste that i is being characterized. Process knowledge is used to identify
specific constituents in a waste stream and the method (or process) by Wthh the
constituents are used that created the ﬁnal waste.

The precedent fdr the usé of wastefrelaied information in waste ch:iracterizaiion originates in
the Resource Conservation and Recovery Act (RCRA).. Under RCRA, a waste generator is
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allowed to use "acceptable knowledge" to determine whether a waste is hazardous (EPA94).
As stated above, process knowledge is one form of "acceptable knowledge.” DOE has
determined that "when used in conjunction with other waste characterization techniques”
acceptable knowledge "is appropriate to obtain the required TRU waste characterization
information" (DOES5c). This information encompasses many aspects of TRU waste,
including WMC, physical form, and assignment of a waste container to a specific waste
stream. This information will be required to determine compliance with the acceptance
criteria from the WIPP WAC, TRUPACT-II, and the TRU QAPP.

Historical definitions of process knowledge within the EPA-regulated community of RCRA
waste generators typically include two important aspects:

e  they were used solely for the purpose of determmmg that a waste is hazardous | E
under RCRA; and

. they focused on engineering assessments of waste streams where waste
characterizations were based on computational methodologies that were
documented, such as mass balance or process engineering diagrams.

While DOE’s definition includes these aspects and others, it is not clear that DOE’s use of
process knowledge is completely consistent with RCRA. In the TRU QAPP (DOE94b) and
the Transuranic Waste Characterization Acceptable Knowledge Guidance Manual (DOE95c¢),
DOE outlines the main purposes for the use of process knowledge, including:

. sorting newly generated and retnevably stored waste containers into waste
streams;
o estimating the volume and weight of a waste container’s contents;

o determining if WMC Series 3000 & 4000 wastes exhibit toxicity characteristics
as specified in 40 CFR part 261, Subpa.rt C, in conjunction with emplncal
'sampling and analysis; _

. determining if WMC 5000 Series wastes are RCRA hazardous in the absence
of empirical sampling and analysm,

o selecting the appropriate method to quantify a waste drum’s radlonuchde

content; and
. describing waste stream continuous processes and changes over time.
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engineering and design information - piping and glove box designs, equipment and holding tank
speciﬁcations
supporting data - surrogaxe waste sampling and analysis data, comparable waste
: - stream analyncal data
supplemental data : . data obtained from research and development operations,
A effluent monitoring data, product quality control data
[l expert knowledge ‘ personnel interviews, site inspections, test or research plans
||’ standard ind'ustr'y' practice information vendor information, material safety data sheets, common
. industrial operations or treatment practices
compliance program information RCRA permits, safety analysis reports, chemical inventory
: databases
program management information ' Quality Assurénce.Plans, procurement documents, operating

4.5.2 Using Process Knowledge for Waste Characterization

The credibility: of using process knowledge ultimately rests upon the user’s ability to provide
the appropriate support documentation. ' This documentation must demonstrate that the waste
producing process was adequately controlled during waste generation to allow the use of
information as opposed to empirical investigation. The DOE has proposed eight classes of
acceptable knowledge (DOE95c). These are summarized in Table 4-8.

For newly generated and retrievably stored wastes, DOE plans to assign waste containers to
a waste stream based on process knowledge after first developing a profile for each waste
stream (DOE94b). DOE describes this approach in the TRU QAPP. Waste stream profiling
assumes that the waste-generating process is a well-defined and controlled process that can be
supported by sufficient documentation, and that the documentation is available and amenable
to direct mspectlon ‘

Table 4-8. Classes and Exambles of Acceptable Knowledge

waste generating process information proceés flow diagrams, documented inputs/outputs, process

controls, operating procedures

: procedures, waste certification procedures

——
— — — = ———
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Important aspects of waste stream profiling include consideration of the following:

e - whether multiple profiles are required for complex waste streams

. profile’s resPonsiveness to changes in the waste producing process(es)
° quantification of the uncertainty associated with each part of the profile
. how each stream’s profile would be determined, i.e., using average

concentration values of specific constituents, or by establishing a range of
acceptable comncentrations

. reconcﬂlatlon of a waste stream’s profile w1th an out-of-specification analysis

of a specific drum originating in the stream

. protocol required when a waste stream was fouﬁd to be outside of the profile

It should be noted that much of the waste for whicﬁ DOE uses aéceptable knowledge/process
knowledge as the main waste characterization tool originates from non-routine types of
activities that are not typically understood to be controlled processes, with well-defined feed
materials, intermediate products and outputs. Example are wastes from unscheduled
maintenance and the cleanup of chemical or radioactive spills. Acceptable knowledge/

- process knowledge may be a poor choice as a waste characterization tool for these and other
similar types of waste. '

4.5.3 Use of Acceptable Knowlcdge/Process Knowledge for TRU Inventory

The use of acceptable knowledge/process knowledge to characterize TRU wastes is
advantageous for several reasons:

o to minimize worker radiation exposure;

o the physical nature of many wastes (i.e., WMC Series 5000 and 7000r'§vastes)
does not lend itself to conventional SW 846 type analytical procedu;es; and

. "many historical wastes were generated prior to the establishment of RCRA,
and are inadequately characterized according to current standards.
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As discussed earlier, DOE currently details its inventory of current and anticipated TRU
waste in the WTWBIR. The WTWBIR combines mformanon from the following two
documents:

. Integrated Data Base for 1993: U.S. Spent Fuel and Radioactive Waste Inventories,
Projections, and Characteristics DOE/RW-0006, Rev. 9, April 1994; and

. U.S. Depamnent of Energy Distribute of the Phase II Mixed Waste Inventory Repont,
May 1994 (MWIR).

The WTWBIR is currently considered the best source for information on DOE’s inventory of
TRU waste. Process knowledge was used to generate much of the information in this
document particularly as the basis for calculating waste volumes and other data. Process
knowledge should be used with caution because DOE TRU waste generators exhibit great
diversity with respect to waste generation and handling. - Additionally, uncertainty estimates
associated with process knowledge data and their application are rrot provided and it is
unclear ﬂxat DOE has sufficiently quantified/evaluated these. |

4.54 Evaluatingl the Use of Proceés Kndwledge

‘The use of process knowledge as a predicti\re tool for TRU waste characterization has not

undergone rigorous regulatory scrutiny. Due to the nature of chemical analyses and the
complexity of assigning hazardous waste codes, it is important to assess the appropriateness
of comparing waste characterizations made with process knowledge to those made with
empmcal sampling and analysis.”. For the purpose of this report such compansons have
been made and one is dlscussed betow (EPA9S).

DOE conducted a 2-year investigation of the correlation between process knowledge and
empirical 'sampling_ and analysis. This study was completed in 1985 and involved a total of
242 containers of TRU?waste;_ which ranged from new (6 months old) to older waste (1_2

7 For example, certain waste streams are classified as hazardous solely by virtue of the presence of a
specific chemical(s) within the waste generating process (process knowledge), regardless of concentration. For
such listed wastes, the inability of a chemical analysis to detect the listed waste.does not affect the waste
stream’s classification as hazardous (EPA94). Waste streams are often assigned waste codes for characteristics
wastes (D Codes) in a conservative manner for the purpose of storage, meaning that if a waste generator thinks
there is a reasonable probability the waste could exhibit a specific D Code (process knowledge), it is assigned.
However, upon empirical testing, many wastes would not actually test hazardous for all of the'D Codes they
had been assigned. In both of these examples, the comparison between the waste codes assigned using process
knowledge and empirical sampling and analysis is inappropriate.
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years old in 1983). Of these, 199 drums and 10 boxes were generated at the Rocky Flats
‘Plant and 33. drums were generated at Los Alamos National Laboratory. All containers were
initially shipped to the Idaho National Engineering Laboratory (INEL), where they were
assayed nondestructively using RTR. The study’s objective was to collect information on gas
generation, evaluate various venting devices, examine waste for compliance with the WIPP-
WAC and evaluate the adequacy of nondestructive examination as a certification technique.
The two-volume document TRU Sampling Program: Volume I—Waste Sampling and Volume
II—Gas Generation Studies (CLE8S) describes the study in detail and provides the ,
investigation’s results. | ' |

The waste containers had initially been "characterized” at the generator facility (RFP or
LANL) by the assignment of a Waste Content Code®® (see Appendix A to CLESS5) prior to
shipment to INEL. At INEL, each drum was examined using real-time radiography and
radioassay by pasSive-active neutron counting and the results were recorded. The drums
were then shipped to the Rocky Flats Plant, where each drum was completely dismantled
within a hot cell for visual examination. The contents were emptied, weighed, and analyzed
by radioassay when appropriate, and all results were recorded. This study’s main purpose:
was to determine the adequacy of RTR as a nondestructive characterization technique.
However, it also provided an opportunity to evaluate the use of procéss knowledge as a
predictive tool. By comparing the content code assigned by the generator using process
knowledge against the "proper” content code assigned after complete hands-on examination
of the waste container (the equivalent of sampling and analysis), process knowledge can be
evaluated as a tool for assigning the correct content code. Toward this end, the data from
this investigation were analyzed statistically and the results are described below’. :

The Kappa statistic was used to evaluate how well process knowledge was able to classify_,-""

‘waste by content code compared to how well the codes would be expected to have been ’

assigned by chance alone (EPA95). In summary, process knowledge assigned content cbdes ‘ ‘_
much better: th?m would be expected by chance alone, indicating that for these waste ‘
containers, process knowledge was effective as a predictive tool for waste class;ﬁcation It |
should be noted that DOE’s proposed use of process knowledge may not lend itself to this

type of verification, in large part because problematic sample matrices do not permit

comparisons to be made with sampling and analysis results. DOE has recognized this

28 The Waste Content Cod&s used for this study were developed prior to TRUCON Codes TRUCON
Codes were intended to mclude all aspects of waste covered by the Waste Content Codes.
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problem with debris wastes (WMC 5000 series) where process knowledge is the preferred
waste characterization technique.

In evaluating the CLESS study, three caveats should be noted -

1) The waste containers used in the study were not statistically selected and therefore were
not necessarily representative of TRU waste, thus limiting the study’s applicability.

2) Production and waste handling practices, documentation protocols, assay methods, etc.,
vary among TRU generators. Because of the lack of established, auditable, uniform criteria
for waste characterization by all TRU generators, questions exist regarding this study’s
applicability. Caution must be exercised in applying conclusions to TRU waste generators or
specific waste streams other than those used in this study which originated primarily from
Rocky Flats and Los Alamos.

3) This analysis provides information on the ability of process knowledge to as31gn a content
code; no conclusions can be drawn about the ability of process knowledge to provide other
important, detailed information (e.g., isotopic distribution, amount of free liquids, gas
generation rates). This is particularly true for retnevably stored, older waste, where existing
information is sparse.

The study discussed here is the only documented evaluation of the use of process knowledge
available at this time. However, additional information exists at INEL, Hanford, Oak Ridge
‘National Laboratory, and the Savannah River Site, where DOE contractors have been
attempting to verify waste content codes assigned by process knowledge using other
techniques. At INEL alone, DOE has performed radiography and radioassay on
approximately 30,000 drums of waste to date, some percentage of which have also been
visually examined. The information is not yet available so it is not known what level of
documentation exists for these examinations or if other formal comparisons have been made.
This information could be very useful to 2 more comprehensive evaluation of the use of
process knowledge as a predictive tool. | '

4.6 TECHNICAL RATIONALE FOR WASTE CHARACTERIZATION PROVISION OF
40 CFR part 194

4.6.1 General Information on Waste

Section 194.24(a) of the rule requires that DOE ptovidé information on the »che_mical,
radiological, and physical composition of the waste scheduled for disposal at the WIPP
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including both existing and, to the extent practicable, to-be-generated waste. This description
can be based on assays, non-destructive examination, process knowledge and any other ‘

appropriate evaluation techniques. This information is needed to anticipate the behavior of
the waste in the disposal system. ‘

Description of the radiological composition requires, for each radionuclide present or
expected, an estimate of the quantity of radioactivity (curies) at the time of disposal (i.e.,
when the disposal system is sealed). This could involve setting an upper limit for each
nuclide. Demonstration that the waste meets the TRU criterion of 100 nCi/ g is also
required. In addition, information on the expected drum-to-drum variation in radioactivity
levels may be required to model cuttings releases associated with drilling events.

Description of the chemical composition would involve documentation of components which
might affect waste containment by affecting waste solubility, colloid formation, gas
generation, or gas consumption, inter alia. As has been discussed previdusly, solubility can
be affected by the quantity of organic ligands, the quantity of CO,-forming constituents, and
the quantity of waste constituents which can alter the pH of any intruding brines. To
characterize gas generation potential, it is necessary to know the quantities of iron and
aluminum alloys, the quantities of combustibles, plastics and rubber, and the quantity of
water initially present in the waste.

Description of the physical characteristics of the waste would include information on surface-
to-volume ratios of corroding metals, waste density and porosity, waste permeability, weight
or volume mix of waste forms such as sludges, metals, paper, rags, etc.

4.6.2 Documentation of Waste Characteristics

§194.24(b)(1) further requires that DOE submit documentation substantiating that all waste
characteristics which influence the containment of wastes in the disposal system have been
identified and assessed for their impact on disposal system performance. The rule hsts but
does not limit the characteristics to such items as solublhty, gas generation, ability. to form
stable colloids, shear strength, and compactablhty as examples of waste characteristics which
must be assessed. '
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The waste shear strength (shear resistance) used in modeling borehole wall erosion during
drilling events was originally deduced by SNL investigators from seabed data, which showed
that the shear resistance of such materials was between 1 and 5 Pa, a range quoted to be
several orders of magmtude lower than macroscoplc soil shear strength (PAR70, BER95).
For the 1992 WIPP PA, SNL assigned a range of 0.1 to 10 Pa and a median value of 1 Pa
for the shear resistance based on the assumption that the waste would behave similarly to
montmorillonite clay (BER9S5, SAR73). However, this parameter was not sampled over the
assigned range in the PA calculations; rather the median value of 1 Pa was used in the
CUTTINGS model. | '

If the flow of the drilling mud between the drill collar and the borehole wall is turbulent
rather than laminar, an additional waste characteristic—the surface roughness—is required to
calculate the shear stress acting on the waste. In the 1992 PA; the range of expected surface
roughness was set at 0.025 to 0.04 m, with a median value of 0.01 m (SAN92). The
absolute surface roughness values chosen for PA exceeded those of very rough concrete or
riveted steel piping (BER94, STR7S).

4.6.3 Documentation of Waste Components

Section 194.24(b)(2) requires DOE to submit documentation substantiating that all waste
compone,nts which influence the waste characteristics described above in 4.6.2 have been
identified, and their impact on disposal system ‘performance assessed. The waste components
to be evaluated include, inter alia,:metals, cellulosics, chelating agents, water, and total
activity (in curies) for each radionuclide present in the waste. Other waste components not
specifically listed in the rule which may need ‘evaluation include waste mix (by weight,

~volume, and/or density), quantities of rubber and plastics, quantities of pH altering

constituents, quantities of CO,-forming and -consuming species, and container-to-container
variability in radioactivity level. A summary of waste characteristics likely to be used in
performance assessment and the waste components which influence them is presented in
Table 4-9. It should be noted that, in many cases, there is no single companion waste
component for a waste characteristic. : This is because the characteristics are in many cases

' determined by laboratory experiments which cannot be dlrectly related to on-going |
measurements of the waste.
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Table 4-9. Summary of Waste Characteristics and Waste Components leely
to be Used in WIPP Performance Assessment

ROOM CLOSURE
Shear modulus
Bulk unioading modulus
Yield function constants
Volumetric strain vs. pressure
Initial waste density

Waste mix
Waste mix

CUTTINGS
Shear strength
Absolute surface roughness
Permeability
particle diameter
particle density
Tensile strength-

' BRAGFLO - Flow
Pore shape distribution parameter(s)
Residual saturations - liquid and gas
Threshold displacement pressure
Intrinsic permeability
Initial porosity

Waste mix

"BRAGFLO - Gas Generation
Anoxic corrosion rates (humid and inundated)
Microbial degradation rates (humid and inundated)

Equivalent drum surface area
Number of drums per disposal room
Radiolysis rate

. Quantity of iron (and aluminum)

Quantity of cellulosics
Quantity of plastics and rubbers

| Quantity of electron acceptors (oxldants) such as

SO and NO,*
Quantities of nutrients (P and N)
Surface to volume ratio for iron (and aluminum)

Quantity of alpha emitters-
Initial water content’
Quantity of cellulosics

ACTINIDE MOBILITY
Solubility - pCO,

Solubility - pH

Solubility - complexing agents
Solubility - brine concentration
Solubility - actinide oxidation states .
Colloid concentration(s)

Quantmes of CO,-t'ormmg and Coz-oonsummg
species

Quantities of acid and base formers

Quantities of complexing agents

SOURCE TERM
Radioactivity

Actinide concentration

1 - Influences all gas generation mechanisms.

Quantity of curies fbr each radionuclide
Drum-to-drum curie distribution

Quantity of each actinide
— —




In addition to identifying and assessing the impact on disposal system performance of all
waste components which influence waste characteristics, DOE is required under
§194.24(b)(3) to substantiate any decision to exclude consideration of any waste characteristic
or waste comﬁenent because such characteristic or componeﬁt is not expected to significantly
influence the containment of the waste in the disposal system. :

4.6.4 Limits on Waste Components

DOE is required to set limits on all significant waste components and show that the WIPP
complies with §194.34 and §194.55 based on these limits (§194.24(c)). In doing this, DOE
must describe the basis for setting these limits and demonstrate that, when all of these waste
component parameters are set at their limit, the mean CCDF obtained will meet the

- containment requ:rements of 40 CFR part 191.13 at the 95% confidence limit.

As discussed previously in Sections 4.3.1.1 and 4.3.5, actinide solubility depends on various
factors including pH, pCO,, and presence of organic ligands. If the quantities of pH altering
species, COz-foﬁning and -consuming species and organic ligands in the waste are
determined to be important, DOE is required to set limits on these waste components and
demonstrate that the mean CCDF obtained when these components are set at the conservative
limits meets the requirements of §194.34. For example, CO, tends to stabilize plutonium in
the +VI valence state which has high solubility, but CO, can be removed from the system by
reaction with lime or calcium hydroxide. Thus, the conservative limits would be those
quantities of materials which produce the maximum amount of CO, and result in the least
-CO, removal in this specific example with respect to plutonium. '

Oﬂce the acceptable limits on the waste components have been set, DOE must establish a
system of controls which assures: that the waste actually emplaced in the WIPP will fall

~ within these hmlts- Eléments of thls system of controls include measurement, samplmg,
chain of custodg and other documentation. If, as discussed in Section 4.6.1, DOE sets an
upper limit onthe @aanes of each radionuclide, then it will be necessary to show during
disposal, that thls fimit will not be exceeded taking into account uncertainties in the
measurements of the curie-content of the waste: at the various generator sites.
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4.6.5 Quality Assurance

As discussed previously in Section 4.3.7, the components of actual waste may differ
significantly from the components that were assumed in developing the waste characteristics
for the compliance application. This is especially true, since only about 40% of the total
CH-TRU waste has been generated to date. The provisions of §194.24 were developed to
ensure that the repository will remain in compliance as long as the waste emplaced is within
the established limits. EPA believes that the proposed procedure for bounding the waste
characteristics is not overly prescriptive and can be addressed within the sensitivity analysis
framework which is an integral part of performance assessment. To enhance confidence in
the waste characterization process, all activities and assumptions are subject to the quality
assurance requirements of §194.22. Use of process knowledge to quantify waste components
is specifically subject to these quality assurance requirements (§194.24(c)). EPA is
empowered to use audits and inspections to ensure that the quallty assurance requirements are
met (§194.24(h)).
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5. Future State Assumptions
5.1 INTRODUCTION

A framework, or set of bounding assumptions, is required in order to limit speculation in
performance assessments and compliance assessments about how changes that occur over
time may effect the WIPP disposal system. The "Future State Assumptions” are designed to
establish that framework by providing guidance on how to treat future uncertainties such as
changes in demographics, changes in human physiology, changes in technology, advances in
medical science. §194.25 states:

(a) Unless otherwise specified in this part or in the disposal regulations, performance
assessments and compliance assessments conducted pursuant the provisions of this
part to demonstrate compliance with §191.13, §191.15 and part 191, subpart C shall
assume that characteristics of the future remain what they are at the time the
compliance application is prepared, provided that such characteristics are not related
to hydrogeologic, geologic or climatic conditions.

(b) In considering future states pursuant to this section, the Department shall
document in any compliance application, to the extent practicable, effects of potential
future hydrogeologic, geologic and climatic conditions on the disposal system over the
regulatory time frame. Such documentation shall be part of the activities undertaken
pursuant to § 194.14, Content of compliance certification application; § 194.32,
Scope of performance assessments; and § 194.54, Scope of compliance assessments.

(1) In considering the effects of hydrogeologic conditions on the disposal system, the
Department shall document in any compliance application, to the extent practicable,
the effects of potential changes to hydrogeologic conditions.

(2) In considering the effects of geologic. conditions on the disposal system, the
Department shall document in any compliance application, to the extent practicable,
the effects of potential changes to geologic conditions, including, but not limited to:
dissolution; near surface geomorphic features and processes; and related subsidence in
the geologic units of the disposal system.

(3) In considering the effects of climatic conditions on the disposal system, the
Department shall document in any compliance application, to extent practicable, the
effects of potential changes to future climate cycles of increased precipitation (as
compared to present conditions).

The final rule requires that performance assessments and compliance assessments shall
include dynamic analyses of geologic, hydrogeologic and climatic processes and events that
will evolve over the 10,000-year regulatory time frame. All other present day conditions
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will be assumed to exist in their present state for the entire 10,000-year regulatory time
frame. These latter requirements apply to the future demographic and physiologic state of
mankind, among all other assumptions necessitated by performance assessments and
compliance assessments. Predicting the manner in which society will change would
necessitate predicting the effect of historical, economic and political forces which typically
bring about societal and demographic change. The speculative nature of such predictions
precludes the development of an acceptable methodology for inclusion in the final rule that
could make reliable predictions of the future state of society, science, languages or other
characteristics of future mankind. For example, suppose that we know the current population
density around the WIPP and we know that the population has grown at a certain rate over
the last three decades (a very short time-frame when compared to the WIPP regulatory time-
frame of 10,000 years). In addressing the future; one could extrapolate future population
density based on the historical growth rate which might, over a 10,000-year regulatory
period, result in unreasonable values, or one could assume that the population density
remains constant (i.e., the status quo). The latter approach is to be used for future states. It
is inappropriate to make long term predictions based on short term data. As in the

- population example above, certain activities are influenced by complex and interrelated forces

(economics, government policy, etc.) and therefore cannot be predicted with reasonable
accuracy.

Effects of climatic change are to be considered because they are reasonably predictable from

the geologic record of the last several thousand years. However, there is no need for

speculation on the possible secondary effects from climate change (e.g., increased
precipitation which could allow irrigated agriculture near the site and change human

* economic activity and lifestyle) as these would be driven by the complex interrelated forces

listed above. A similarly convincing basis exists as well for hydrologic and geologic

conditions. This chapter will examine the body of scientific knowledge which may be used

to extrapolate hydrologic, geologic and climate conditions into the 10,000 year regulatory
time frame.

5.2 LAND USE AROUND THE WIPP SITE
Analyses of the WIPP’s long-term performance will have to establish population and land use

characteristics. The information provided below demonstrates how certain aspects of
present-day demographics can be established and described for use in these analyses.
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Population

The 1979 resident population within fifty miles of the WIPP Site is shown in Table 5-1.
These data were estimated for the 1980 WIPP Final Environmental Impact Statement (FEIS)
(ALA79, DOES80). An examination of the US Census data indicated that the total Eddy
County and Lea County population grew from 90,363 to 104,370 between 1970 and 1990
(DOC90). This is an average of about 0.7% per year. The 1990 Census data examined
were not detailed enough to determine if there were changes in the population within 10
miles of the WIPP Site since 1979.

Table 5-1. 1979 Resident Population Within 50 Miles of the Site*®

o e — ey
0 0 35 25 175 25 260
0 0 25 5 55 5,610 5,695
0 0 0 25 75 8,660 8,760
0 0 15 70 205 33,200 33,490
0 0 5 15 3,240 155 3,415
0 0 5 10 3,035 295 3,345
0 0 5 15 25 30 75
0 0 0 25 10 40 75
0 0 5 15 55 15 95+
6 0 5 30 90 15 145
0 0 55 30 10 45 140
0 0 1,750 200 50 65 2,065
0 0 70 31,780 40 35 31,925
0 10 5 190 55 50 310
0 0 30 20 65 12,055 12,170
0 0 15 5 220 10 280*
6 10 2,025 | 32,460 | 7,440% 60,305 102,245
6 16 2,040 | 34,500 | 41,940 | 102,245

—

% o o »

5-3

Population estimated by Adcock and Associates (1977-1979).
Figures for all areas beyond the 10 mile radius have been rounded to the nearest five.
Distance from site (miles). :
The totals for this column and these rows are not in agreement with the numbers shown due to errors
in the original data source. '



Land Ownership and Use

Land in the vicinity of the WIPP is primarily owned by the Bureau of Land Management
(BLM). Figure 5.1, included here from the WIPP FEIS (DOEB80), illustrates land ownership
for 1980. Since 1980, the following changes occurred in the Township 22 South Range 31
East (where the WIPP site is located): 1) the state-owned sections 16 and 32 were
transferred to BLM in exchange for federal land elsewhere, and 2) the 4 by 4-mile area in

the southwestern portion of the township was withdrawn for the WIPP site (see attached
Figure 5.2 from DOE93).

At the WIPP, within its 16 mi’ site, DOE presently controls 35 acres around the site’s shafts
and buildings (see Figure 5.2). Neither trespassing nor non-project uses are permitted in this
area. Not shown in the figure is a 300-acre area around which DOE eventually plans to
erect a five-strand barbed wire fence to prevent access to the area which overlies the
repository footprint. DOE is presently considering extending the no-trespassing area to a

total of 1,454 acres (see Figure 5.3), although grazing would be permitted on the newly
added 1,154 acres.

Grazing and recreational uses - hunting, trapping, and off-road vehicle use - will be
permitted on the remainder of the 16 mi? site. No surface or subsurface mining or
exploration, nor water well drilling, will be permitted anywhere on the site except for two
existing gas leases in section 31 at the southwest corner of the site. Land use immediately
off the WIPP site allows for grazing, oil and gas exploration and production, extraction of
sand, gravel, and caliche from surface pits, and recreational use. Figure 5.3 from the FEIS
shows the location of some of these various activities. There is also extensive potash mining
to the west, north, and northwest of the WIPP site. Figure 5.3 illustrates the locations of
active potash mines relative to the WIPP site. Nomn-resident occupational employment within
ten miles of the WIPP site is estimated to be 360 potash workers pér shift (three mines) and
twenty-four workers on cattle leases (ALA79, DOE90). Oil industry employment has not:
been estimated, but in 1990-1992 there were seventy-five oil and gas wells drilled within two
miles of the WIPP site boundary (SIL94). A large agricultural area supported by irrigation
is located along the Pecos River, which is 15-20 miles to the west and southwest of the
WIPP (see Figure 5.3). Because of a scarcity of water in the fully allocated Pecos River

- Basin, the irrigated area is not likely to increase significantly. . '
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There are several highways near the WIPP site. US 62/180, connecting Carlsbad and
Hobbs, is a four-lane divided highway located about nine miles north of the site which
carries an average daily traffic flow of 1,850 vehicles (this and following averages were
recorded in 1978). NM 128, about three miles south of the site, connects Carlsbad to Jal,
New Mexico. This two-lane paved road conducts an average daily traffic flow of 220
vehicles. NM 31, about eight miles west of the site, connects NM 128 and US 62/180 and
- averages 510 vehicles per day. Numerous dirt roads in the area are maintained for ranching,
pipeline maintenance, and oil and gas site access. In addition, there are now paved north
and south access roads to the WIPP site from US 62/180 and NM 128, respectively. Most
daily commuter traffic to the WIPP site uses the South Access Road. Present plans indicate
all waste shipments arriving by truck will use the North Access Road. There is also a
railroad spur connecting the WIPP site, but there are presently no plans for its use.

5.3 FUTURE STATES OF CLIMATE

Geologic, hydrologic, or climatic conditions are the only assumptions required by §194.25 to
be predicted into the future. This section explicates part of the scientific record which can
provide a basis for informed prediction of these three categories of events.

Genefal State gf Knowledge

Paleoclimatic data from southeastern New Mexico and the surrounding area indicate that the
wettest and coolest Quaternary climate at the site can be represented by the last glacial
maximum, when mean annual precipitation was approximately twice that of the present
(SW194). These data indicate that the hottest and driest climates have been similar to those
of the present. The report also states that “the regularity of gIobail glacial cycles during the
late Pleistocene confirms that the climate of the last glacial maximum is suitable for use as a
cooler and wetter bound for variability during the next 10,000 years.”

Mean annual precipitation at the WIPP has been estimated to be between 28 and 34 cm/yr
(HUNB8S). Geologic data from southeastern New Mexico and the surrounding region show
repeated alternations of wetter and drier climates throughout the Pleistocene, corresponding
to global cycles of glaciation and deglaciation. Data from plant and animal remains and
paleo-lake levels permit quantitative climate reconstructions for the region only for the last
glacial cycle, and confirm the interpretation that conditions were coolest and wettest during
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glacial maximums (SWI93). Mean annual precipitation 22,000 to 18,000 years ago, when
the last North American ice sheet reached its southern limit roughly 1500 km north of the
WIPP, was approximately twice that of the present (SWI94).

The following text is quoted from SWI94, “Incorporating Long-Term climate Change in
Performance Assessment for the Waste Isolation Pilot Plant.” It provides a geheral summary
of the investigations which provide the basis for the 1992 WIPP PA assumptions regarding
the potential for the range of future climatic extremes (SAN92).

Glacial periodicities have been stable for the last 800,000 years (MIL41, HAY76,
IMB84, IMB85). Barring anthropogenic changes in the Earth’s climate, relatively
simple modeling of climatic responses to earth’s orbital changes suggest that the next
glacial maximum will occur in approximately 60,000 years (IMB80). The extent to
which unprecedented anthropogenic climate changes may alter this conclusion is
uncertain, but presently available models of climatic response to an enhance
greenhouse effect (MIT89, HOU90) do not predict changes of a larger magnitude than
those of the Pleistocene. Furthermore, published models do not suggest significant
increases in precipitation in southeastern New Mexico following global warming
(WASS84, WIL87, SCH87, HOU90). Even allowing for anthropogenic change,
climate variability at the WIPP can be bounded by Pleistocene extremes (SWI193).

The estimated mean annual precipitation at the WIPP during the late Pleistocene and
Holocene is shown on Figure 5.4. '

SWI93 draws the following three conclusions regarding climatic trends. First, maximum
precipitation in southeastern New Mexico in the past'coincid,ed with the maximum advance of
the North American ice sheet. (Minimum precipitation occurred after the ice sheet had
retreated to its present limits.) Second, past maximum long-term average precipitation levels
were roughly twice present levels. Minimum levels may have been 90% of present levels.
Third, short-term fluctuations in precipitation have occurred during both the glacial

maximum and the present, relatively dry, interglacial period, but fluctuations during the
present interglacial period have not exceeded the upper limits of the glacial maximum.

SWI93 also states: “It would be unrealistic to attempt a direct extrapolation of precipitation
{a figure is referenced} into the future. Too little is known about the relatively short-term
behavior of global circulation patterns, and it is at present impossible to predict the
probability of a recurrence of a wetter climate such as that of approximately 1000 years ago.
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The long-term stability of the patterns of glaciation and deglaciation, however, do permit the
conclusion that future climatic extremes are unlikely to exceed those of the late Pleistocene.

Furthermore, the periodicity of glacial events Suggests that a return to full glacial conditions
is highly unlikely within the next 10,000 years.” '

Glaciation

Southeastern New Mexico is far from any regioh where extensive Pleistocene continental
glaciation occurred. It is highly improbable, even in the event that global "icehouse”
conditions developed, that the WIPP site would be affected by continental glaciers. In turn,
the probability of glaciers and glacial erosion directly affecting the WIPP site is extremely
small. Alpine glaciation, however, was quite extensive in northern New Meéxico during the
Pleistocene (CHR87). Evidence for alpine glaciers extends down to elevations of at least

- 8000 feet, possibly less. These glaciers, their deposits, and meltwaters affected and continue
to influence the regional hydrology and Quaternary stratigraphy of this region. In the event
of a major climatic change, alpine glaciation might be possible in the Guadalupe Mountains
which have maximum elevations greater than 8000 feet (Guadalupe Peak is 8751 feet high).

5.4 GEOLOGIC FUTURE STATES
Sea-level fluctuations and hurricanes/seiches/tsunamis

The likelihood of sea-level fluctuations and hurricanes/seiches/tsunamis can be considered to
be small due to the elevation (~3,300-3,500 feet) and landlocked position of the WIPP site.
These conditions ensure that it will neither be inundated in the event of a eustatic sea-level

- rise (not even a rise of unprecedented scale) nor will it be affected by any catastrophic ocean
current.

Regional uplift and subsidence

The Rio Grande Rift, an elongate, fault-bounded, extensional feature that extends roughly
north-south across central New Mexico, began to form about 30 million years ago. One
segment of the Rio Grande Rift, called the Tularosa Basin, is located within 150 km of the
WIPP site. Extension continues within the rift today, as expressed by mimerous active fault
scarps that cut through Quaternary deposits (BLA76; CHA79; OLD89). There is some
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suggestion, based on the timing of development of structural features across the region, that
extension may be slowly propagating eastward, toward the WIPP site. While long-term,
rates of regional uplift/subsidence may not increase drastically over the next 10,000 years,
detailed studies of Quaternary seismic activity and co-seismic fault slip should be done in the
vicinity of the WIPP site in order to substantiate the claim that episodic, short-term
uplift/subsidence will not compromise the integrity of the repository. This will largely entail
detailed field mapping and analyses of Quaternary stratigraphy and structural features.

Landslides

The Pecos River, the largest river in the vicinity of the WIPP site, flows within 12-15 miles
of the site. The difference in elevation between the Pecos River and the WIPP site is
approximately 400 feet. It should be feasible to determine whether inundation of the WIPP
site is possible in the event that a landslide dams or diverts the river at any of several
different points along the river. A worst-case scenario might involve: 1) a landslide that
dams the river where it is narrow, slightly downstream from, yet close to, the WIPP; 2) the
landslide occurs during the annual peak dischargé of the Pecos River; 3) the landslide and
damming of the river occur at the same time as major flooding in southeastern New Mexico;
and 4) the landslide occurs at a place along the river where the adjacent topography is such
that flood waters are preferentially funneled toward the WIPP. Examination of aerial
photographs and land-based studies might allow determination of the frequency of landslide
events along the banks of the Pecos River and whether or not the (paleo)Pecos River ever
flooded areas far beyond its "historical” flood plain. Furthermore, under pluvial conditions,
the Pecos River may not maintain its current course in the future. Cores and/or trenches

through Quaternary ailuvium also might help with determining the frequency and magnitude
of flooding events near the WIPP site. :

Seismic activity (and faulting)

The main concerns regarding seismic activity and co-seismic slip or initiation of faults are:
1) whether the fault cuts through the repository and cumulative slip along the fault then
brings radioactive waste into physical contact with circulating ground water; or 2) whether
seismic events cause permeable faults or fracture zones to develop which lead to hydrologlc
communication between waste in the repository and circulating ground-water
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Given the tectonic setting of the WIPP site and the proposed depth of the repository, it is
highly improbable that cumulative slip on a hypothetical fault that cuts through the repository
could bring waste into contact with aquiférs that sandwich the repository within 10,000
years. Thus, it seems reasonable to eliminate this from geologic scenarios, although as
mentioned above under "Regional uplift and subsidence,” detailed studies of the neotectonic
activity around the WIPP site seem warranted. -

New faults or fractures also could breach the repository and allow circulating ground waters
to move through the repository and transport radionuclides to the surface or to shallow
aquifers. '

Volcanic and magmatic activity

Given the following, however, it seems reasonable that the inception of volcanic or magmatic
activity is unlikely over the next 10,000 years and need not be considered in geologic
scenarios: 1) the WIPP site is located presently in a relatively tectonically quiescent setting;
2) the WIPP site probably will remain tectonically quiescent over the long-term, based on
present and projected vectors of motion for the North American plate and adjacent plates;
-and 3) volcanic/magmatic activity is typically associated with active, plate-margin settings
 (either extensional, compressional, or strike-slip settings), while mid-plate
volcanism/magmatism is much less common and is related to deep-seated, mantle processes.
The studies outlined previously under Regional uplift and subsidence would enhance
confidence in the conclusion that volcanic and magmatic activity need not be considered as
geologic scenarios. |

Earthquakes produced by subsurface fluid injection/removal

Injection or removal of subsurface fluids during recovery of hydrocarbons is known to
produce earthquakes. Earthquakes with magnitudes as high as 5.0 on the Richter scale, but
generally between 1.0 to 3.0, are known from some areas (HOL68). Earthquakes of this
type have been recorded in the Permian Basin (largely anecdotal evidénce). Hazard
assessment for the WIPP site should include the possibility of human-induced earthquakes as
there are productive oil fields near the WIPP site that are currently under waterflood. Even
small scale earthquakes could affect the integrity of seals. '
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5.5 HYDROLOGIC FUTURE STATES

The hydrologic properties of the geologic strata within the disposal system can be changed
due to the occurrence of natural processes and events. As an example, dissolution may, in
the future, affect the hydrologic properties of the Culebra dolomite layer of the Rustler
Formation. The presence and degree of fracturing in the Culebra dolomite is thought to be
directly related to the amount of dissolution of halite occurring below the Culeb_ra (SNY85).
As the magnitude of fracturing and development of secondary porosity increases, the Culebra
transmissivity generally increases (CHA85). Based upon observations of outcrops, core, and
detailed shaft mapping, the Culebra can be characterized as a fractured medium, at least
locally, at the WIPP site (CHA84; HOL84). Aquifer tests also indicate responées
characteristic of a fractured media (BEAS87).

Dissolution within the Rustler Formation is observed both at the surface within Nash Draw,
and in the subsurface at the WIPP site. Nash Draw, located immediately west of the WIPP
site, is a depression resulting from both dissolution and erosion (BAC81). In Nash Draw,
members of the Rustler are actively undergoing dissolution and locally contain caves, sinks,
and tunnels typical of karst morphology in evaporiﬁc terrain (HAUS87).

BACRO identified three types of dissolution occurring in the Delaware Basin: local

- dissolution, regional dissolution, and deep-seated dissolution. Local dissolution is the near-
surface dissolution where surface or ground waters penetrate soluble strata though joints or
fractures, causing local dissolution and possible collapse and fill, as well as dissolution
features such as shallow caves above the regional water table. Regional dissolution occurs
when chemically unsaturated water penetrates to permeable beds, where it migrates laterally,
dissolving the soluble units which it contacts. On a regional scale, the consequence of such
-dissolution appears to be removal of highly soluble rock types, such as halite, combined with

displacement and fracturing of adjacent rocks. Deep-seated dissolution occurs well below the
water table, forming caverns within the rock.

At the WIPP site, regional dissolution is thought to have occurred within the Rustler
Formation in the past (SNY85). However, there is some controversy as to whether this
dissolution front is still active. BACSS feels that most of the dissolution in the Rustler
predates or occurred during a much more humid time in southeastern New Mexico over
500,000 years before present. BACS85 does suggest, however, that dissolution is still active
in Nash Draw in areas very close to Livingston Ridge.
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In the Rustler Formation at the WIPP site, most investigators feel that a westward increase in
regional dissolution is reflected by a decrease in the number and thickness of halite beds and
subsequent thinning of the Rustler Formation (HAU87). The stratigraphic level of the first
occurrence of salt is in the upper Rustler along the eastern margin of the WIPP site, and
progressively moves down-section through the Rustler as one moves west. As the bedded
halites are dissolved, insoluble residues remain, forming beds of mudstones, siltstones, and
chaotic breccia with a clay matrix (HAUS87). Halite beds in the non-dolomitic members tend
to be thin and grade westward into the residuum. Although most investigators concur with
the premise that a dissolution front exists in the Rustler Formation at the WIPP site (COO71,
POW78, MERS83, CHA84, SNY85), there are some investigators who oppose this concept
and believe that the westward decrease in halite within the Rustler represents depositional
limits (LAMS83, HOL84). HOLS84 reported that, in their detailed mapping of the Rustler in
the waste-handling shaft, no post-depositional dissolution features were identified.

Whether or not the dissolution front hypothesis is correct, there are general trends associated
with the presence or lack of bedded halite within the Rustler. Formation. As the presence of
bedded halite within the Rustler increases, so does the thickness of the formation. Generally,
as the amount of halite in the Rustler decreases, the transmissivity of the dolomitic members
increases (HAUS87), presumabl)" from increased fracturing of the units as a result of halite
removal and subsequent foundering and collapse of the more competent dolomite beds. In
parts of Nash Draw, hydraulic potentials in the Magenta and Culebra are essentially the same
(i.e. no vertical movement up or down). As one moves eastward onto the Livingston Ridge
surface, the difference in hydraulic potentials between the two units increases. This could
represent the increase in the effectiveness of the Tamarisk Member as a confining unit (or
aquitard) with decreased halite removal (HAU87).
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6. Use of Expert Judgment

6.1 INTRODUCTION

6.1.1 Background

In 40 CFR part 194, EPA states that expert judgment should only be permitted in situations
where data are not reasonably obtainable by collection or experimentation. EPA requires
that compliance applications clearly identify all instances in which judgment is used and the
experts involved. Documentation must be included which describes the process for expert
judgment elicitation, the results of expert elicitation, and the reasoning behind those results.
Documentation of interviews used to elicit judgments from experts, deliberations and formal
interactions among experts, background information provided to experts, and the questions or
issues presented for elicitation of expert judgment are é;lso requested.

- Although the Agency has not specified any particular methods for expert judgment
elicitation, the Agency has included some restrictions and guidelines for the selection of
individuals as experts in the 40 CFR part 194 criteria. These include prohibitions on: _
selecting individuals who are members of the team of investigators requesting the judgment
or the team of investigators who will use the judgment; selecting individuals who maintain a
supervisory role or who are superviéed by those who will utilize the judgment; and selecting
a membership of which less than two-thirds consists of individuals who are not employed
directly or indirectly by DOE (unless it can be shown that this is impracticable because of a
lack or unavailability of qualified independent experts, in which case at least one-third of the
membership must be non-DOE personnel): Compliance certification applications must
provide information which demonstrates that the expertise of any individuals and the panel,
as a whole, involved in expert judgment is consistent with the level of knowledge required by
the questions or issue presented to that individual and the panel.

Additionally, EPA requires that at least five individuals be used in any expert elicitation
process, unless a lack or unavailability of experts can be demonstrated and documented.

Also, any compliance certification application should include a discussion explaining the
relationship between the information presented, the questions asked, the judgment of any
expert panel or individual, and the purpose for which the expert judgment is being used.



EPA requires that a minimum of five persons form an expert panel so that the elicited results
are representative of diverse viewpoint. This should result in a more informed and objective
process. However, an expert elicitation could be conducted with fewer than five individuals
in the event that there is a lack or unavailability of potential experts provided that a rational
is stated. §194.26 of the final rule states this restriction:

At least five individuals shall be used in any expert elicitation process, unless there is
a lack or unavailability of experts and a documented rational is provided that explains
why fewer than five individuals were selected.

It is essential that any expert panel member should be free from conflict of interest.
Accordingly, two-thirds of the members of any panel should not be employed by DOE,
directly or indirectly. This restriction does not extend to those persons who receive funding
from the Department in those instances in which such funding is for activities not related to -
WIPP (such as university professors). Expert panels may include persons employed by the
State of New Mexico Environmental Evaluation Group assuming that their expertise can be
demonstrated to be adequate for the elicitation. Compliance applications must demonstrate -
this expertise, and EPA’s judgment on the adequacy of this demonstration will be used in
making the decision on the issuance of certification.

Finally, EPA proposes that the elicitation process provide the public an opportunity for
presentation of scientific and technical views to the experts.

The Background Information Document (BID) for the 1993 amendments to 40 CFR part 191
notes that "It is generally accepted that the use of expert judgment is required in the process

- of evaluating the long-term containment potential of a geologic waste disposal facility”
(EPA93). In this context, the term "expert judgment" refers to a very structured, formalized
process involving panels of experts. However, expert judgment may also be applied by an
individual charged with making a determination on a given situation.

DOE is using both expert panel and individual investigator judgment to support the WIPP
performance assessment. In some instances, an expert panel may be convened and opinion
elicited using a highly structured, formal approach. In other cases, a single principal |
investigator may be asked to supply an estimate of a parameter where a limited amount of
experimental data is available and also provide an estimated probability distribution function
for that parameter. The principal investigator may also be asked to define the probability
distribution function for a parameter where considerable experimental data are available, but
which still must be interpreted. '
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6.1.2 NRC Publications on the Expert Judgment Process

NUREG/CR-5424 (NRC91) notes that the process by which expert judgment is elicited will
vary depending on the particular situation. NUREG/CR-5424 lists the following factors that
may affect how the judgment can best be gathered:

. The type of iﬁformation needed from the experts (answers only or ancillary
expert data)

. The form in which the expert’s answers are needed for input into a model

. The number of experts available |

. The interaction desired among the experts

e The difficulty of setting up the problems

. The amount of time and study needed by the experts to provide judgments
4 The time and resources available to the study
i The methodological preferences of the 1nterv1ewer or knowledge engmeer

analyst, funder, and experts

Among the ways in which elicitation processes may differ include the degree to which the
experts interact, the structure imposed on the process, the number of meetings, whether the
expert’s reasoning is requested or not, whether the expert judgment undergoes some ’
translation in a model and is returned to the experts for the next step, and whether all or
some of the elicitation is conducted in person, by mail, or by telephone.

NUREG/CR—5424 states that despite these variations, there are only three basic elicitation
situations and a general sequence of steps. The three basic situations are as follows:

Individual interviews - where one expert is interviewed in a private, usually face-to-
face situation, by an interviewer or knowledge engineer (a person who, in addition to
interviewing, represents and enters the expert knowledge into a computer system).
This situation permits obtaining in-depth data from experts, such as on their means of
solving the problem, without distracting or influencing them with other experts.
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Interactive groups - where the experts are in a face-to-face situation with both one
another and a session moderator when they give their opinion. The degree of
structure may vary from totally unstructured to carefully choreographed as to when
the experts present their views and when there is open discussion.

Delphi - where the experts give their judgments to a moderator, in isolation from one
another. The moderator makes the judgments anonymous, redistributes them to the
experts, and allows them to revise their previous judgments. If desired, the iterations
can be continued to the point where consensus is achieved. This process is intended
to counter some of the biasing effects of interaction.

The general sequence of steps in the elicitation process are described below (NRC91):

Selection of the question areas and particular questions

Refining of the questions

Selection and motivation of the experts.

Selection of the components (building blocks) of elicitation

Designing and tailoring of the components of elicitation to fit the application
Practicing the elicitation and training the in-house personnel

Eliciting and documenting expert judgments (answers, and/or ancillary
information) o

NoumAawN -

NUREG/CR-5411, "Elicitation and Use of Expert Judgement in Performance Assessment for
High-Level Radioactive Waste Repositories” (NRC90b), indicates five areas of performance
assessment of high-level waste repositorics for which the benefits of a formal expert
judgment process may be warranted:

-scenario development and screening

-model development

-parameter estimation

-data collection and experimentation: (information gathering)
-strategic repository decisions

40 CFR part 194 does not require that expert judgment be applied to any one area in
particular, but leaves this choice up to DOE, subject to the restrictions in the final rule.

A well-documented application of the formal use of expert judgment is the U.S. Nuclear
Regulatory Commission’s study, NUREG/CR-1150, "Severe Accident Risks: An Assessment
for Five U.S. Nuclear Power Plants” (NRC90). That study was undertaken to provide a risk
perspective for the radioactive release resulting from a core meltdown (see section 6.2.1.1
for further discussion of NUREG/CR-1150).
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6.2 EXAMPLES OF THE USE OF EXPERT JUDGMENT AT FACILITIES OTHER
THAN THE WIPP '

Expert judgment has been used in various scientific forums not related to the WIPP. Four
reports on use of expert judgment are reviewed in this section: the NRC’s application in
severe accident risk assessment; the Electric Power Research Institute’s use in a probabilistic
seismic hazard analysis; the United Kingdom’s use in risk assessment of radioactive waste
disposal; and the European Space Agency’s examination of expert judgment for risk
assessment in space prograims.

6.2.1 Nuclear Regulatory Commission

6.2.1.1 NUREG/CR-1150

A well-documented use of expert judgment in the area of nuclear reactor safety is presented
in NUREG/CR-1150. The report summarizes an assessment of the risks from severe
accidents in five commercial nuclear power plants in the U. S. The risks were measured ina
number of ways, including: the estimated frequencies of core damage accidents from
mternally initiated accidents and externally initiated accidents for two of the plants; the
performance of containment structures under severe accident loadings; the potential
magnitude of radionuclide releases and offsite consequences of such accidents; and the
overall risk (the product of accident frequencies and consequences) (NRC90).

The report notes that the risk analysis of severe reactor accidents inherently involves the
consideration of parameters for which little or no experiential data exist. Expert judgment
was used to supplement and interpret the available data. The principal steps used in the
formal elicitation of expert judgment for the NUREG/CR-1150 study are shown
schematically in Figure 6-1 and discussed briefly below:

o Selection of issues - The parameters considered were restricted to those with
the largest uncertainties, expected to be the most important to risk, and for
- which widely accepted data were not available.

®  Selection of experts - Seven panels of experts were assembled to consider the
various sets of principal issues. The experts were selected on the basis of their
recognized expertise in the issue areas. Representatives from the nuclear
industry, the NRC and its contractors, and academia were assigned to each
panel to ensure a balance of perspectives.



Training in elicitation methods - Both the experts and analysis team members
received training from specialists in decision analysis. The team members
were trained in elicitation methods so that they would be proficient and
consistent in their elicitation, The experts’ training included an introduction to
the elicitation and analysis methods, to the psychological aspects of probability
estimation (e.g., the tendency to be overly confident in the estimation of
probabilities), and to probability estimation.

Presentation and review of issues - Presentations were made to each panel on
the set of issues to be considered, the definition of each issue, and relevant
data on the issues. Also, for the initial meeting, researchers, plant
representatives, and interested parties were invited to present their perspectives
on the issues to the experts. NUREG/CR-1150 notes that frequently these
presentations took several days.

Preparation of expert analyses - Following the initial meeting in which the
issues were presented, the experts were given time (from 1 to 4 months) to
prepare their analyses. During this period, several panels met to exchange
information and ideas. In some cases, panels were briefed by the project staff
on the results from other panels to provide the most current data.

Expert review and discussion - After the experts had completed their analyses
a final meeting was held in which each expert discussed the methods he or she
used to analyze the issue. NUREG/CR-1150 states that while these
discussions frequently led to modifications of the preliminary judgments of
individual experts, the experts’ actual judgments were not discussed in the
meeting because group dynamics can cause people to unconsciously alter their
Judgments in the desire to conform.

Elicitation of experts - Following the panel discussions, each expert’s
judgments were solicited. The elicitations were done privately with one expert
at a time so that the discussions could be performed in depth and so that an
expert’s judgments would not be adversely influenced by the others.

Composition and aggregation of judgments - The analysis staff composed
probability distributions for each expert’s judgments, and then aggregated the
individual judgments to provide a single composite judgment for each issue.
NUREG/CR-1150 notes that each expert’s opinion was weighted equally in the

aggregation, based on findings in previous studies that this method performs
best.

Review by experts - Each expert’s probability distribution and associated
documentation developed by the analysis staff were reviewed by that expert.
The purpose of this review was to ensure that potential misunderstandings
were identified and corrected and that the issue documentation properly
reflected the judgments of the expert.
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Figure 6-1. Principal Steps in NUREG/CR-1150 Expert Elicitation Process
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Results of the elicitation are presented in NUREG/CR-1150, and documented in detail in two
- separate reports (NRC89, NRC90a). While members of each panel are identified in

NUREG/CR-1150, specific judgments are presented anonymously (e.g., the members are
identified only as Expert A or Expert B).

6.2.1.2 Yucca Mountain Climate Study

More recently, the use of expert judgment elicitation was examined in a study to predict
future climate in the vicinity of Yucca Mountain, Nevada, the site currently undergoing
characterization for DOE’s high-level waste repository. A report documenting that study was
presented at the Fifth Annual International Conference on High-Level Radioactive Waste
Management in Las Vegas, Nevada, in May 1994 (DeW94).

The expert elicitation procedure used consisted of the following 11 steps, adapted from
- NUREG/CR-5411 (NRC90b):

Determine the objectives and goals of the study -
. Recruit the specialists (experts)

. Identify the issues and information needs
Provide initial data to the specialists

Conduct the elicitation training session

. Discuss and refine the issues

Provide a multi-week study period

Conduct the elicitation

. Provide post-elicitation feedback

10 Aggregate the experts’ judgments (if required)
11. Document the process

\ooo‘\la\}n;hwl\):—-

The elicitation team (those persons who would be responsible for conducting the elicitation)
and the expert panel were recruited concurrently with the development of the issue statement.
Nominations for expert panelists were formally requested from climatology/geography
associated societies and organizations. A formal peer-ranking based selection process
resulted in five final panel members, drawn from 42 nominges.

An initial ineeting was held, with three goals: (1) to orient the experts; (2) to refine the
initial issue statement; and (3) to conduct elicitation training. The experts received
background information on the proposed repository system, the current and past climate in
the Yucca Mountain vicinity, and the NRC’s performance assessment program. Extensive

6-8



training was provided on probability elicitation, including the 'mterpretation-of subjective
probabilities, methods for generating subjective probabilities, and possible biases in the
judgment process. The experts refined the initial issue statement and generated a list of
factors and assumptions that would be considered by the group.

The experts had one month between the initial meeting and the individual elicitation to
review any relevant literature, run models, or otherwise prepare for the elicitation, including
providing a position paper. The experts had access to each other for consultation to
exchange data or clarify information, but they prepared their positions independently. The
actual elicitations were conducted individualiy to obtain the independent judgment of each
expert.

DeW94 concluded that while each of the steps used in the elicitation process influences the
outcome, four points are critical:

(1) the process of recruiting the experts should be formal and as unbiased as
possible;

2) the credentials of the experts enhance the credibility of the elicitation, and
- their ability to communicate their reasoning is a primary determinant of the
quality of the results;

3) the conduct of the elicitation sessions themselves is extremely important and
should be well-planned and practiced ahead of time;

(GY) concise and thorough documentation of the process including recording of the
elicitation sessions, as well as the results, differentiates between most informal
and formal expert judgment efforts and is essential in any formal expert
elicitation project.

6.2.2 Electric Power Research Institute

Expert judgment was used in a 1983 effort by the Electric Power Research Institute (EPRI)
and the 42 utilities in the Seismicity Owners Group (SOG) to develop a methodology for
assessing the seismic hazard at nuclear power plant sites. The results are documented in the
report Seismic Hazard Methodology for the Central and Eastern United States (EPR88).



In the EPRI study, earth science expertise was provided by teams formed specifically to
promote interaction among different disciplines (geology, geophysics, seismology) and thus
avoid an overly narrow disciplinary focus. Work was conducted through a series of
workshops. Participating Earth Science Teams were required to identify and document
specific factors that could be used to evaluate the activity of tectonic features. For each

- feature, each team was also required to assess the extent to which those factors were
exhibited. This established a distinction between scientific uncertainty (uncertainty in the
relationship between tectonic activity and physical characteristics) and information uncertainty
(the extent to which any particular feature exhibits any given characteristics).

Six Earth Science Teams were formed to prepare and interpret input to the seismic hazard
analysis. EPRI used the team approach to achieve the interdisciplinary expertise needed to
evaluate various data sets and tectonic processes on a national scale. Team personnel were
chosen to strike a balance between, first, academic and applied experience, and second,
regional expertise. The stated overall aim was to minimize interpretation bias.

This study was accomplished through a series of seven workshops. The first workshop
defined data needs for the program. Workshops 2 through 7 were structured in pairs to
accomplish interpretations of tectonic stress regime, tectonic framework and seismic sources
and source seismicity parameters. Procedures were explored in depth during each workshop
to establish a common understanding among participants of the state of knowledge about
processes and the relative value of available data for making interpretations.

The Earth Science Teams proceeded with this information and their personal expertise to
develop their individual interpretations. Interpretations were shared among program
participants at the second workshop of each pair. Each team shared the rationale and the
strength of theory and data supporting its interpretations. EPRI notes that although this
team-to-team interaction was desired, no effort was made to force a consensus interpretation
among teams on any element. Teams were asked to reach internal consensus on all
interpretations within a team. '

EPRI stated that, with this approach, "..it is believed that uncertainty resulting from
incomplete understanding of tectonic processes has been captured. The estimated uncertainty
in hazard results ... reflects the state of the scientific community’s uncertainty about
earthquakes causes and processes in the central and eastern United States.” (EPR&8)
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6.2.3 Other Countries
6.2.3.1 United Kingdom

A 1992 report commissioned in the United Kingdom by Her Majesty’s Inspectorate of
Pollution, Department of the Environment (DoE) examined procedures for the elicitation of
expert judgments in probabilistic risk analysis of radioactive waste repositories (WAT92).
The report concluded that "Expert judgment is necessary for the measurement of uncertainty
about input parameters, since for many such parameters no frequency data are available."

WAT92 described several sources of bias that can influence judgments. The first noted was
that of availability. This is based on the observation that people are often influenced by the
ease with which they can remember the occurrence of similar events. An example was cited
in which a group of well educated people in the United States were told that about 50,000
people a year die in traffic accidents in the United States. They were then asked how many
people die from a long list of other causes, including common ailments such as heart disease
and rare ones such as smallpox vaccination. It was found that rare causes were
overestimated while common causes were underestimated. The explanation was that-deaths
from a rare cause such as botulism are widely réported, but people commonly hear about
deaths from common causes such as stroke only when someone known to them dies in this
way. Because all cases of rare causes are available, but not all cases of common causes,
rare causes are overestimated.

A second possible source of bias is representativeness. This is based on the premise that, for
example, when people attempt to assess the probability that an individual belongs to a
particular class, on the basis of limited information, they judge the extent to which that
information suggests the individual is typical of the class, ignoring the underlying frequency.
In terms of a repository, an expert asked for the probability that the porosity of a rock
formation was greater than a certain figure might base his judgment on the extent to which
observable characteristics of the rock samples suggested that it was of a particular type of
known porosity, independent of the known distribution of different types of rock in the area.
This emphasizes the need for a published account of the reasons supporting a probability
judgment.
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The third potential source of bias presented was due to anchoring and adjustment. This
recognizes that a natural starting point for making a judgment may be chosen and the
judgment modified away from the initial position, but typically not far enough. Again using
the example of estimating the porosity of a rock, an expert might base judgment on a

different rock, for which the porosity was well known, but fail to adjust the estimate away
from this properly.

WAT92 also examined protocols for eliciting probabilities. It noted that the protocol
developed at the Stanford Research Institute, and referred to as the SRI protocol, has been
widely accepted. The SRI protocol has five stages. ‘

In the first stage, the analyst motivates the person whose probabilities are to be
elicited. The first step in this process is to ensure that the expert understands the
nature and purpose of the analysis, and how the probabilities elicited will be used in
the analysis. In the second step, the analyst helps the expert to-explore for possible
motivational biases, e.g., if the expert desires a low value of a variable, either
because he thinks that this would be consistent with what his superior is expecting
him to say, or because he wishes it were true, then such views should be discovered,
if possible, and the expert encouraged to account for them in the elicitation task.

- The next stage in the protocol is the structuring phase. In this phase, the goal is to
make absolutely clear the definition of the variable for which the probability
distribution is being elicited. This should also include the exploration of assumptions
about the state of the world (e.g., in eliciting probability distributions for the porosity
of rock, assumptions made about physical variables such as temperature and pressure
which could affect porosity should be clearly defined).

The conditioning phase in the protocol is used to establish the data and arguments

which the expert is going to use to make judgments, and to cope with any identified

biases. Once the available data sets are listed, the expert is encouraged to consider

other possible ways of thinking about the variable, for example, focusing on scenarios
~ that might lead to extreme outcomes. .

Numerical representation begins in the fourth, or encoding, phase. The techniques
for encoding can be categorized according to whether the probabilities are inferred
indirectly from the expert’s judgments, or directly by asking the expert to respond
with a probability for a given event, or, in the case of continuous variables, for a
value such that the cumulative probability is equal to a given value. 'WAT92 notes
that there is no consensus that any one method is better than another, but that there is

a tendency for experts to be overconfident, i.e., they fail to spread their uncertainty
sufficiently. :
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The final stage involves verifying that the numerical representations of uncertainty
properly support the expert’s opinions. Assuming that no recognized protocols were
identified, the analyst must determine how best to conduct this process.

WATD92 does not reach a conclusion that any one protocol is superior, but it notes several
important considerations. First, the most important requirement for success is to devote
adequate time and effort to the process. Second, the experts should receive some general
introduction on the nature of elicitation, and what is known from psychology about
measuring perceptions of uncertainty. Third, the subject matter about which the judgments
are sotight should be at the heart of the process. The analyst should have some knowledgé of
the subject matter, and the experts should be encouraged to produce carefully reasoned
arguments to support his judgments. Fourth, throughout the process care must be taken to
ensure clarity and investigate unstated assumptions. Fifth, the encoding process should
follow a generally accepted technique. "

6.2.3.2 European Sbace Agency

In February 1990 the European Space Agency (ESA) released a report entitled The Use of
Expert Judgment in Risk Assessment (CO090). The report provides the results of an
examination of expert judgment application. The examination included (1) a survey
identifying and studying the different and most important methods for the use of expert
judgment; (2) a survey of application of expert judgment data in industries, research institutes
and other organizations; and (3) development and evaluation of methodologies for expert
Judgment application.

The major conclusion of the ESA research was that "The introduction of valid and effective
procedures for the use of expert judgment in risk assessment is a non-trivial, but worthwhile
task." '

Nine phases in the procedures for using expert judgment were identified:

1. Problem identification phase
2. Expert identification phase
3. Expert choice phase -

4. Question formulation phase
5. Seed variable choice

6. Elicitation phase .
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7. Combmatlon phase

8. Discrepancy analysis and feedback to experts
9. Documentation and communication phase

While the order and format may be somewhat different, these phases are approximately
equivalent in content to the steps previously described in section 6.1.3, with the exception of
step five, seed variable choice. The ESA study attempted to assess the quality of the
experts’ judgments before their use, and establish a basis for calibrating the judgments. This
was done by eliciting the experts’ judgment for quantities, known as seed or calibration
 variables, that were known to the analyst but not to the experts.

One conclusion of the ESA study was that elicitation should be conducted individually, i.e.,
not in a group setting. The report notes "The advantage of group meetings is that experts
can discuss together with the analyst the interpretation of all the questions so encouraging a
shared understanding of their meaning. The disadvantage is that group processes naturally
suppress the spread of opinion and lead to underestimating uncertainty. The balance lies we
feel with the group not meeting." The report states that, if it is decided that the group
should meet, they meet to discuss the questions to be answered and separate before any
elicitation of the likelihoods takes place. This is consistent with the techniques use_d in the
NUREG/CR-1150 study, where groups met for presentation and discussion of the issues, but
the individual elicitations were conducted in private.

The ESA report also identified the need for the generation of an audit trail in the use of
expert judgment data to permit other analysts to repeat and check the information. The
report considered the issue of whether the experts should be protected with anonymity, and if
so, to what extent. Opinions were divided, but the report concluded the audit trail should be
such that "in circumstances of sufficient gravity" the ESA (as the client soliciting the expert
judgments) could identify all experts and their judgments.
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7. Peer Review Procedures
7.1 INTRODUCTION

To operate the WIPP as a repository for transuranic radioactive waste, the DOE must
demonstrate that applicable health, safety, and environmental requirements have been
satisfied. Peer reviews may be employed as part of a comprehensive quality assurance
program. These peer reviews will give confidence that work completed, underway, or
planned was, is, or will be properly performed. The ASME "Quality Assurance Program
Requirements for the Collection of Scientific and Technical Information for Site
Characterization of High-Level Nuclear Waste Repositories," ASME-NQA-3-1989 Edition
(NQA-3), includes peer review among those activities affecting quality associated with the
collection of scientific and technical information, when other established methods cannot be
used 10 establish the adequacy of information.

Additional peer review is also necessary to establish the \'/alidity of procedures, methods, or
interpretations which may not be addressed by a quality assurance program. Because of the
nature of the assessments at the WIPP, in particular the potential uncertainties associated
with geotechnical data and their analyses, and the need to project performance over

* thousands of years, peer reviews are essential to assure that all important factors are
considered in assessing the performance of the WIPP.

7.1.1 Background

The 40 CFR part 194 compliance criteria for the WIPP provide the following requirements
for peer review, at §194.27 of the final rule:

(a) Any compliance application shall include documentation of peer review that has
been conducted for, in a manner required by this section, for:

(1) Conceptual models selected and developed by the Department;

(2) Waste characterization analysis as required in §194.24(b); and

(3) Engineered barrier evaluation as required in §194.44.
(b) Peer review processes required in paragraph (a) of this section, and conducted
subsequent to the promulgation of this part, shall be conducted in a manner that is
compatible with NUREG-1297 "Peer Review for High-Level Nuclear Waste
Repositories. "
(c) Any compliance application shall:



(1) Include information that demonstrates that peer review processes required
in paragraph (a), and conducted prior to the implementation of the
promulgation of this part, were conducted in accordance with an alternate
process substantially equivalent in effect to NUREG-1297 and approved by the
Administrator or the Administrator’s authorized representative; and

(2) Document any peer review processes conducted in addition to those
required pursuant to paragraph (a) of this section. Such documentation shall
include formal requests, from the Department to outside review groups or
individuals, to review or comment on any information used to support
compliance applications, and the responses from such groups or individuals.

The EPA must be satisfied that peer review processes at the WIPP are sufficient to assess the
scientific premises properly on which the performance assessments are based.

7.2 OTHER PEER REVIEW PROGRAMS

7.2.1 Definition and Use of Peer Review

Peer review has a well-established role in controlling various aspects of scientific research,
engineering research, scientific and engineering applications, and educational processes.
Editors and publishers of technical journals use peer review to ascertain the quality and
suitability of a manuscript submitted for publication. Funding agencies use peer review to
seek advice concerning the quality and promise of proposals for research support. Some
research institutions use peer review as another check on research in certain sensitive fields

such as human experimentation.! Some universities use peer review for promotions of
faculty (STE93).

Peer review serves a second objective of ensuring integrity in scientific research. Recent
spectacular cases of fraud in scientific research have led to federal regulations that require

! At the University of Michigan, potential researchers must complete a questionnaire that addresses certain
key areas of concern, prior to submitting their project funding request. If the applicant indicates that the
research will involve, for example, the use of human subjects, vertebrate animals, or radioactive materials, the
University subjects the project funding request to one or more peer review committees for approval. These
commitiees review the application for compliance with specific laws and regulations, why the research must be
conducted in the manner proposcd,‘and how the research will be supervised (UMI90).

At the University of Michigan, proposals for research on human subjects can be reviewed by as many
as twelve peer review committees. The proposer must provide the rationale for and justify the use of each
subject. This peer review process is designed by the University to compel the would-be researcher to think
about their responsibilities, and to discuss these responsibilities with their colleagues (STES3).
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peer review as a measure to detect and prevent continuation of these frauds (NAT93). The
same pressures to enforce rules regarding misconduct in science have led to the inclusion of
mandatory peer review for ongoing scientific and engineering research and development by
government agencies.” For example, one study reported that in 1987, five cases of fraud
and misconduct in science, primarily in biomedical research, were widely publicized. These
cases galvanized the U.S. Congress to renew its earlier interest in regulating certain aspects
of scientific research. In subsequent years, various federal agencies such as the Department
of Health and Human Services (DHHS), and within DHHS, the Public Health Service and
the National Institutes of Health (NIH), adopted rules to address these instances of fraud.
One rule was specifically related to improving the performance of peer review (GOL93).

Many Federal agencies use some form of peer review to evaluate the technical merit of
proposed research projects.’ Similarly, private institutions frequently use peer review to
evaluate research projects. Often the focus of these peer reviews is to determine which of
several proposed research projects will be funded. Those projects which, through the peer
review process, are deemed most promising are chosen for funding. Peer review is also used
to determine if a particular project merits continued funding. Some Federal agencies use
peer review to evaluate the technical adequacy of proposed or ongoing projects. This use of
peer review most closely paralléls the peer review process reqliired by 40 CFR part 194.

2 See e.g., 10 CFR Part 60

* The National Science Foundation (NSF) uses a merit review system to make major awards in support of
important research facilities, centers, and other large-scale research-related activities. At the NSF, the entire
process of determining which research projects are to be publicly funded is called the merit review system. The
most important aspect of this merit review system 1is the technical peer review each potential research project
receives. The merit review system encompasses the administrative procedures for conducting this peer review
and the procedures for publicizing results (NSF94, 93, 92, 77; NSB67). Merit review also encompasses criteria
that the NSF considers necessary to augment technical quality and competence. These criteria include
immediate practical relevance, and the development of science and engineering capacity in all regions of the
country (NSF94). The purpose of the review process is to ensure that the most meritorious projects are chosen

 for support, that the selection process is fair in practice and perception, and that the results in each case are
clearly and publicly explained (NSF94; NAS93, 92). Officials at the NSF concluded that one of the reasons
that the United States has the most successful research system in the world is because of the extensive use of .
peer review to identify the best ideas for financial support. According to NSF94, "Peer review-based
procedures such as those in use at NSF, the National Institutes of Health, and other federal research agencies
remain the best procedures known for ensuring the technical excellence of research projects that deserve public
support. Motivating this process is clearly a true scientific interest in seeing that only technically feasible
projects get funded (NSF94). However, fiscal realities, and a growing occurrence of dishonesty in the research
process has focused even more attention on the adequacy of merit, or peer review at the National Science
Foundation (NSF94).
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7.2.2 Peer Review at the Department of Health and Human Services

7.2.2.1 " Public Health Service

In the 1980s, the U.S. Congress began hearings on misconduct in scientific research because
of highly publicized cases of outright fraud. These problems seemed to have occurred to a
large degree in the biomedical research arena (GOL93). Congressional interest -in this '
problem led to several attempts to reform control of research at government agencies staffed
by the Public Health Service (PHS) (GOL93) and to require institutions receiving funding
from U.S. government agencies to put in place measures to detect and correct misconduct in
science (GOL93). In 1989, PHS promulgated a final rule which required any institution
applying for funds from the PHS to certify that it had adopted satisfactory misconduct

procedures. One element in this set of procedures was a strong peer review procedure
(GOL93). ‘

7.2.2.2 National Institutes of Health

SC1ent1ﬁc research at the NIH is organized around Intramural and Extemal projects, and the
peer review process differs somewhat according to project designation.

NIH Peer Review of Intramural Research. Scientists in the Intramural Research Progfam
of the NIH are generally responsible for conducting original research consonant with the
goals of their individual Institutes, Centers, and Divisions. Senior NIH officials have
expressed concern regarding the rigor of scientific research conducted by NIH scientists
(NAT93). One of such research is peer review. In its 1990 "Guidelines for Conduct of

Scientific Research at the National Institutes of Health," NIH officials define peer review and
stress its importance as:

[an] expert critique of either a scientific treatise, such as an article prepared or.
submitted for publication, a research grant proposal, a clinical research protocol, or
of an investigator’s research program, as in a site visit. Peer review is an essential
component of the conduct of science.. Decisions on the funding of research proposals
and on the publication of experimental results must be based on thorough, fair, and
objective evaluations by recognized experts.*

4 See NAS93 quotmg from "Guidelines for the Conduct of Research-at the National Institutes of Health"

NIH, 1990. , ' S
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The guidelines go on to state the essential elements of the peer review process:
. the reviewer must be expert in the subject matter under review

. the reviewers should avoid any real or perceived conflict of interest that might
arise because of a direct competitive, collaborative, or other close relationship
with one or more of the authors of the material under review

. the review must be based solely on scientific evaluation of the material under
review within the context of published information and should not be
influenced by scientific information not publicly available

. the material being reviewed is privileged and should not be used to benefit the
reviewer unless the information has previously been made public

Peer review is used at the NIH at all stages of research carried on under the control,
direction, or funding of the organization. These stages are:

g idea/issue generation

. program formulation

. prbject proposal evaluation and selection
e  final reports/othér products review

. on-going program/project review

Peer review is performed to some extent in all these stages. There are, however, significant
variations both in the extent and nature of the peer review, depending on the stage of
research, and whether or not the activities are carried out by NIH employees, or if the
activities are NIH-funded.

At the NIH, peer review is mandated by law. Peer review policy and practice are generally
consistent throughout NIH with only limited variations among the institutes.

NIH Peer Review of External Research. Each institute of the NIH has a statutory peer
review panel, called a National Advisory Council (NAC, or variation) that conducts analyses
of projects. The NAC is usually composed of 16 to 18 senior level personnel, including a
mix of scientific disciplines as well as mandatory representation by ex officio federal officials
and public (i.e., nonscientific) members. The NACs have a broad charter to address any
matter affecting the performance of their respective institute. All NACs prepare an annual
report assessing broad issues related to their institute, including future directions and general
policy. These reports are then forwarded to the Director of NIH.
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NAC:s participate in peer reviews at many stages of a project. The first stage is generally
one involving the initial determination of project funding. Many different individuals and
activities compete for funding from the various institutes. NAC participation is generally
-strong at this point in a potential project’s life because the determination as to which projects
are funded bears heavily upon the direction the institute will take in the future. NIH
personnel need, and are statutorily required, to evaluate projects to ensure that only the most

promising ones are funded. The early stages of a project in which the NACs are involved
include: '

. Idea/Issue Generation Stage — This is likely to be an initial policy determination or a

determination to proceed along a certain avenue of research. Specific projects need
not be addressed.

. Program Formulation Stage — This stage receives peer review similar to that in the
Idea Generation stage. One aspect of the peer review process at this stage is to
consider whether resource requirements related to long range goals are reflected in the
peer advice described under the Idea Generation stage.

Project Design — For external research activities, the peer review is generally
limited. Following participation in the formulation of research programs, the NACs
do not ordinarily play a part in the design of projects. According to one NIH official,
this is in part because of time constraints on participation of council members. The
limited review is also due to inadequate scientific expertise (in specialized areas of
research) of NAC members, which as mentioned, include senior officials and

members of the public, generally better gualified to provide broad ethical or legal
reviews.

. Project Proposal Evaluation, Selection, and Award Stage — At this point a dual
process of peer reviews takes place, looking at both technical merit and cost issues.

7.2.3 Peer Review at the National Aeronautics and Space Administration
The National Aeronautics and Space Administration (NASA) uses peer review primarily to
evaluate the merit of research and development proposals, and to allocate funding (NAS87,

94). NASA also uses peer review to decide if certain projects warrant renewal or continued
funding (NAS94). Organizationally, NASA includes three science offices and two
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engineering offices,” each of which employs some form of peer review, particularly in
regards to evaluating proposals for research and development. However, NASA’s science
offices use peer review to a much greater extent than do the engineering offices (NAS94).
The explanation for this difference in use of peer review centers on the nature of work
performed by the two types of offices. The engineering offices are more likely to engage in
straight procurement actions, such as purchasing rocket engines, whereas the science offices
have, as a goal, promoting specific types of research (NAS94). The discussion-that follows
primarily describes the peer review process followed by the science offices. The NASA
engineering offices follow a similar, if somewhat truncated, version of the same process.

NASA uses two types of solicitations to obtain research proposals: an Announcement of
Opportunity (AO); and a NASA Research Announcement (NRA). NASA uses .
Announcements of Opportunity for large research procurements such as designing an
instrument for installation on a satellite. - NASA uses Research Announcements for more
narrowly focused scientific investigation, such as using data collected during the Magellan
spacecraft voyage (NAS94).

Either solicitation is written to address certain hardware, policy, or scientific needs as
envisioned by NASA. This narrow drafting of the solicitation eliminates the need to consider
. policy during subsequent peer reviews of the proposals (NAS94). NASA has relied primarily
on panels convened under the auspices of the National Academy of Sciences (NAS) to advise
the administration on scientific goals and priorities. The panels report to various boards.
NAS creates these boards, excluding NASA scientists in order to avoid any possible conflict
“of interest. However, some panel members may be drawn from NASA offices (NAS94).

NASA takes the long-term science goals and priorities ﬁém the NAS and, through
committees, translates these goals and priorities into programmatic goals and strategies. The
committees are established by NASA under the auspices of an Advisory Council that is
composed of about 20 distinguished individuals, including corporate executives, universit&

5 The three science offices are:
Office of Life and Microgravity Sciences and Apptications
Office of Mission to Planet Earth
Office of Space Science
The two engineering offices are:
Office of Aeronautics
Office of Advanced Concepts and Technology
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scientists, historians, and others. NASA selects. the members of the Advisory Council.
Within the Advisory Council are a number of standing committees. These committees use
the NAS goals and priorities to develop recommendations for major programs such as the
Hubble space telescope (NAS94). These committees are, in effect, peer review panels.

When a NASA science office issues a research proposal (either an AO or a NRA), NASA
scientists compete for proposal acceptance on the same grounds as outside, or external,
scientists and external research entities such as universities. This intramural versus
extramural competition does not exist for Announcements of Opportunity issued by one of

the two NASA engineering-offices, but may exist for NASA Research Announcements issued
by the engineering office.

Once the NASA standing committees have recommended programs, NASA officials in the
engineering and science offices translate them into specific program plans or projects,
including budget proposals. Each program or project is assigned to a program office within
the engineering or science office. At this point, the size of the program or project budget
partly determines whether an Announcement of %portnnity or a NASA Research

Announcement is made. The nature of the solicitation determines the following peer review
process (NAS94). ' ‘

NASA uses Announcements of Opportunity to solicit proposals from scientists in the United
States and abroad. The AOs are typically used for larger budget items, about 100 million
dollars (NAS94). In response to an AO, NASA may receive up to 100 proposals. The
designated program scientist within a NASA science office establishes one or more peer
review panels to review each proposal, and selects the members for each panel.
Approximately 50 to 75% of the peer review panel members are university scientists, with
the remaining members from NASA or other government agencies. The proposals are .
mailed to the panel members for initial review. Some additional co-readers may also review
the proposals and can add comments, but do not participate further in the evaluation process.
After the initial review, the peer panel meets to discuss the proposals and reach consensus on
the evaluations. At the conclusion of the panel deliberations, the peer panel submits its
recommendations to the NASA program office. The recommendations are reviewed by
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NASA staff, and a NASA Associate Administrator makes the final determination as to which
proposals to fund (NAS94).6

NASA Research Announcements (NRAs) are usually for smaller-budget items and concern
more narrowly focused scientific research. The NASA Program Manager determines the
level of peer review to be conducted. Just as in an AO, the proposals are usually mailed to
the members of the peer review panel. A follow-up panel meeting is often used to discuss
the proposals and to make recommendations to the NASA program office. An award under
an NRA will usually not call for a deliverable; rather, the expectation is that the results of
the research will be published. In this manner, NASA officials feel they are advancing the
boundaries of science (NAS94). Grants under the NRAs are typically for three years and the
awards are in the $100,000 range.

During the three-year period that an NRA is in effect, NASA conducts periodic (e.g., annual
or mid-term) reviews of progress. This review is typically performed by the NASA Program
Manager, and could result in termination of the NRA award. If the scientific research must
extend beyond the original grant time period, the grantee submits a new proposal that is
reviewed using the same process as followed for initial selection.

Periodic review of projects funded under an AO follows a somewhat different course. The
initial peer panel that recommended particular grants will establish a Science Working Group
composed, essentially, of all the principal investigators of the winning organizations. This
Science Working Group is chaired by-a NASA scientist. The Science Working Group meets
periodically to review progress and the final deliverables.

7.2.4 Peer Review at the U.S. Environmental Prétection Agency

The EPA uses various panels such as Science Advisory Boards (SABs) (see Section 7.2.4.3)
and the National Advisory Council on Environmental Policy and Technology (NACEPT) to
advise the agency on scientific, technical, and policy matters. NACEPT activities are
authorized under Public Law 92-563, the Federal Advisory Committee Act (FACA), and are

¢ Note that a single AO could result in numerous contracts, each concerned with a specific aspect of the
work described in the AO (NAS94). NASA awards under AOs typically call for production of specific
hardware such as scientific instrurnents to emplace on a research satellite. As such, the award is controlled
through a contract and the selection process is in many respects similar to a regular government procurement
(NAS94).
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designed to provide recommendations and advice to the EPA Administrator. Review and
critique of documents and reports is a precursor to formulating sound advice.

The NACEPT is composed of several committees covering diverse technical areas. The EPA
established the WIPP Subcommittee under the aegis of the Environmental Measurements and
‘Chemical Accidents Committee to advise the Administrator in implementation of the WIPP
Land Withdrawal Act (PL 102-579) (EPA93). Members of the WIPP Subcommittee include
representatives from academia, an environmental activist organization, the New Mexico
Environmental Evaluation Group, the State of New Mexico Environment Department, and
" various technical consulting companies. To date, the WIPP Subcommittee of the NACEPT
has provided advice to EPA in three general areas:

e criteria to be used in evaluating DOE Test Phase Plan and Waste Retrieval
Plan for WIPP
° criteria to be used in determining compliance with 40 CFR part 191

e selected issues related to 40 CFR part 194

The EPA uses SABs to provide advice concemirig_ on-going scientific studies within the
Agency. These SABs function in much the same manner as does the NACEPT. SAB
members include personnel from inside and outside the agency. '

Finally, EPA makes use of external peer review groups. These groups can be constituted as
special panels formed by the agency, or can come from other government agencies.
Examples of these reviews are provided in sections 7.2.4.1 through 7.2.4.3.

7.2.4.1 | Peer Review of Proposed Sewage Sludge Disposal Regulations

One particular EPA peer review effort concerned draft standards for the disposal of sewage
sludge, U.S. EPA Proposed Rule 40 CFR parts 257 and 503. The proposed rule was

reviewed by a peer review committee (PRC) created by an element of the U.S. Department
of Agriculture (USDA). :

The EPA, under authority of the Clean Water Act,” proposed regulations, to protect the
public health and the environment from any reasonably anticipated adverse effects of certain

\

7 33 U.S.C.A. 1251, et. seq.
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pollutants that might be present in sewage sludge. The proposed regulations were published
in 1989, and included standards for the final use or disposal of sewage sludge applied to both
agricultural and non-agricultural land, distributed or marketed, placed in disposal sites, or
incinerated. Part of the proposed regulation asked the USDA to review the scientific and
technical basis of the proposed rule. The review was conducted by a peer review committee
created by USDA'’s Cooperative States Research Service (CSRS), Regional Research
Technical Committee (W-170).® Dr. A.L. Page of the University of California, Riverside
and Dr. T.J. Logan of Ohio State University were the co-chairs of the peer review
committee. The rest of the peer review committee consisted of 33 experts from academia,
government and private industry (USD89).°

The PRC met in Washington, D.C. for four days. The PRC broke into smaller workgroups
centered around specific aspects of the proposed regulation. For example, workgroups
analyzed those portions of the proposed regulations that dealt with monofills, with surface
disposal, with agricultural land application, etc. Each workgroup reviewed the proposed
regulations and prepared draft reports. During the four-day period, the entire 35-person
PRC would meet to discuss progress and to idenfify common areas. After the four-day
session, each workgroup reviewed and edited their section, and then the entire document was
reviewed and edited by each of the PRC members. The two PRC co-chairs, along with the
chairmen of each work group, met over a five-day period to revise and edit the complete
draft report (USD&9).

The PRC draft report is organized as a series of workgroup reports, with an overall summary ‘
and set of recommendations. The sections of the report prepared by the individual
workgroups list the workgroup members, but do not show which workgroup member
prepared any particular comment. The PRC draft report does not contain any information
regarding the background or qualifications of individual PRC members, nor does it include

¢ The W-170 committee and its predecessors, W-124 and NC-118, are CSRS committees formulated for the
purpose of conducting regional research. These regional research projects are developed by researchers from
land grant universities, agricultural experiment stations, and USDA laboratories within four regions in the U.S.
(USDAB9). As is obvious by the peer review of 40 CFR Parts 257 and 503, the W-170 Committee engages in
activities other than pure agricultural research.

® Four members of the PRC were from the EPA, the agency whose work was being reviewed (USD89).
The PRC draft report does not explain how it avoided conflict of interest problems by having EPA personnel on
the PRC staff. However, the breadth and detailed nature of the comments prepared by the PRC tend to indicate
that the review was completely objective.
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any documentation regarding possible conflict of interest. In short, there is no way to know
from reading the PRC report if there was any conflict of interest.?

7.2.4.2 Ecological Risk Assessment Peer Review

In 1984, EPA organized the Risk Assessment Guidelines program to ensure scientific quality
and technical consistency in the Agency’s risk assessments. The first group of guidelines
was issued in 1986, and focused on evaluating risks to human health. In 1991, EPA issued
an agency-wide draft statement of general principles to guide ecological risk assessment.
This guide was titled "Framework for Ecological Risk Assessment."

To improve the technical basis for ecological risk assessment guidelines, EPA requested an
independent peer review of the draft "Framework for Ecological Risk Assessment.” A panel
of twenty experts participated in the review (EPA92).!!

The peer review of the draft framework consisted of three steps. First, the draft framework
document was mailed to each of the twenty members participating in the review. Each
reviewer prepared comments that were in turn distributed to all other reviewers. Next, a
peer review workshop was held to obtain an independent review of the logic, scientific
validity, and utility of the principles that were proposed in the draft framework document.
Workshop participants reached a consensus on the acceptability of some parts of the draft
framework, and made recommendations for changes to other parts. Finally, a written report

was prepared, summarizing the results of the workshop, and presenting the panel’s
recommendations to EPA (EPA92). '

To help frame the discussion and focus attention on certain critical issues, each workshop
participant was provided a set of "pre-meeting issue papers.” These papers stated general
issues and then requested that the participants comment on specific aspects of the risk

. One other point that should be noted is that there is no indication of follow-up on any of the PRC draft

report comments. While EPA may very well have incorporated all of the PRC comments into the proposed
regulation, that fact was not evaluated in this analysis.

' Of the twenty participants, none were from the EPA, including its regional offices. Participants included
members of state and federal agencies, private industry and (primarily) public and private universities (EPA92).

Some of the entities represented had, however, done work for the EPA in the past. The EPA was represented
by about 30 "observers® (EPA92).
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assessment guidelines. For example, under the topic "Ecorisk Paradigm," each participant
was presented with the following statement and question to consider: "The proposed
paradigm for risk assessment is modeled after the National Research Council paradigm for
human health risk [reference omitted]. Is the modified paradigm presented in the framework
document appropriate for ecorisk assessments, or is another approach preferable?" (EPA92).
This general issue was followed by several sub-issues and questions that addressed specific
aspects of the proposed process for assessing risk.

The peer review described above did not indicate to what extent conflict of interest issues
were considered, although as previously noted, the report did state that the peer review was
"independent.” The report also did not describe in detail the procedural steps followed
throughout the peer review process. For example, there is no discussion about how the peer
review members were selected, the process for incorporating comments, follow-up action if
the authors of the draft framework document disagreed with any comments of the peer
review team, etc.

7.2.4.3 The Science Advisory Board

The EPA uses a number of adw.;isory councils, often known as Science Advisory Boards
(SABs), to provide guidance on a wide range of topics potentially affecting the environment
(EPA92a). These boards are part of EPA’s advisory committee program, and operate under
the Federal Advisory Committee Act.”? The EPA constitutes and terminates SABs as the
need arises. For example, from 1992 to 1993, EPA formed eight new committees for topics
as diverse as wood furniture manufacturing and local government policy, and terminated five
committees (EPA93a). ‘

The composition of some SABs indicate that their function extends beyond the technical
arena. For example, the Clean Air Act Advisory committee comprises "50 senior
representatives from state and local government, academic institutions, unions, environmental
and public interest groups, industries and service groups.” (EPA92a). The four workgroups
formed from this committee addressed topics such as: effective communication/outreach
methods for implementing reductions in airborne emissions; regulatory reform options; and

12 Public Law 92-463, October 6, 1972. Further guidance on the functioning of federal advisory
committees can be found in General Services Administration Final Rule Subpart 101-6.10, "Federal Advisory
Committee Management,” August 1989.
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alternative programs that would assist and encourage states to promote energy efficiency
(EPAS92a). On the other hand, the Federal Insecticide, Fungicide, and Rodenticide Act

© Scientific Advisory Panel is comprised entirely of experts in the field of pesticides and the

impact of their use on human health and the environment (EPA92a).

Each of the committees or SABs formed under EPA’s advisory committee program develops
or is issued a charter stating the purpose, objective and scope of activity, functions, and
conduct of meetings (EPA92a). Committee members may or may not be compensated for
their services depending on the individual committee. The EPA may pay travel and per diem
expenses for all committee members. Some committee members may be government
employees. All members are subject to conflict-of-interest restrictions (EPA92a)."

The various committees meet periodically throughout the year, at times established in their
individual charters. The chair of each panel or committee submits a written report of the

meeting. This report includes the panel’s recommendations and conclusions. Transcripts are
made and retained for the entire meeting (EPA92a).

7.2.5 Nuclear Regulatory Commission Peer Review Guidance

Compliance criteria in 40 CFR part 194 require peer review at the WIPP to be performed in
a manner compatible with NUREG-1297. NUREG-1297 contains a generic technical
position for peer review at high-level nuclear waste repositories (NRC88). NUREG-1297
provides guidance on the definition of peer reviews, the areas where a peer review is
appropriate, the acceptability of peers, and the conduct and documentation of a peer review.

The NUREG document defines the following peer review-related terms:
. Peer — a person having technical expertise in the subject matter, or a critical subset
of the subject matter, at least equivalent to that needed for the original work.

Peer review group — an assembly of peers representing an appropriate spectrum of
knowledge and experience in the subject matter. The group should vary in size based

on the subject matter and the importance of that subject matter to safety or waste
isolation.

13 See 40 CFR Part 3, Subpart F - standards of Conduct for Special Government Employees. This
regulation includes rules regarding conflict-of-interest. The rules require nominees to committees such as

EPA’s, to submit a Confidential Statement of Employment and Financial Interests (EPA Form 3120-1) that
fully discloses any outside sources of financial support.
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. Peer review — a documented, critical review performed by peers who are
independent of the work being reviewed. The review is an in-depth critique of the
assumptions, calculations, extrapolations, alternate interpretations, methodology, and
acceptance criteria employed, and of conclusions drawn from the original work.

J Peer independence — a peer was not involved as a participant, supervisor, technical
reviewer, or advisor in the work being reviewed and, to the extent feasible, has
sufficient freedom from funding considerations to assure the work is impartially
reviewed." .

The NUREG document describes the circumstances under which a peer review is warranted.
These circumstances occur when the suitability of procedures and methods essential to
showin_g that the repository system meets or exceeds its performance requirements cannot
otherwise be established through: 1) testing; 2) alternative calculaﬁons; or 3) reference to
previously established standards and practices. (These circumstances are the same as those
listed in ASME NQA-3, previously described in section 7.1.) NUREG-1297 provides
examples of these situations, including when:

o critical interprétations or decisions will be made in the face of significant
uncertainty,
~® . decisions or interpretations having significant impact on PA conclusions will
be made, or
o novel or beyond state-of-the-art testing, plans and procedures, or analyses are
or will be utilized. :

The composition of the peer review group depends on: the complexity of the work to be
reviewed; its importance in establishing compliance with safety or performance goals; the
degree of uncertainty in data or the technical approach; and the extent to which differing-
viewpoints exist. The peer review group should include individuals representing major
schools of scientific thought. The actual number of peer reviewers is not as important as the
technical qualifications of the reviewers. The group should be structured to avoid a bias
toward particular theories, methods of analysis, or institutional practices (NRC88).

' NUREG-1297 states that, because of the DOE’s pervasive effort in the waste management area, most
persons who would be acceptable from a technical perspective are likely to have had some connection to DOE
in the past. As such, the NUREG document concludes that "[IJt may not be possible to exclude all DOE or
DOE contractor personnel from participating in a peer review.” (NRC88). The NUREG document suggests that
in these cases, a documented rationale as to why someone of equivalent technical qualifications and greater -
independence was not selected should be filed with the peer review report (NRC88).
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Each peer review group should be led by a chairman. In meetings and correspondence, the
peer review group should evaluate and report on:

validity of assumptions
alternate interpretations
uncertainty of results and consequences if wrong
appropriateness and limitations of methodology and procedures
adequacy of application
accuracy of calculations
- validity of conclusions
adequacy of requirements and criteria

NUREG-1297 states that full and frank discussions are essential between the peer reviewers
and the persons who performed the work being reviewed (NRC88).

The peer review process should include written minutes of any proceedings, deliberations,
and activities of the peer review group. After the peer review group completes its analysis,
the agency responsible for quality assurance should produce a written report, under the
direction of the peer review group chairman, and signed by each member of the group. The
report should include statements by individual members stating any dissenting views or
additional comments as appropriate. The report should also include information concerning

the qualifications of individual peer review group members and their organizational
affiliations (NRC88).

7.2.6 Peer Review at the Department of Energy

The Office of Program Analysis (OPA) conducts peer review assessments of DOE research
and development. "Procedures for Peer Review Assessments," DOE/ER-0491P, dated April
1991, describes general processes for conducting these peer reviews (DOE91). The peer
review procedures are intended to provide the basis for implementing the methodology

- developed by OPA. The reviews are performed by examining individual projects which
comprise a program and by assessing the quality of the research, quality of the research
team, productivity, probability of success, and mission relevance for each project reviewed.

This OPA peer review is intended as a funding screening method, not a thorough scientific

analysis of the project, or project report. In fact, this peer review procedure is also
limited—the review is limited to 65 minutes, and of that period, 30 minutes are allocated to
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the "Principal Investigator” to present the project’s hypothesis, scientific approach, and
results. After the peer review panel has completed all evaluations of all projects assigned to
it for review, the panel members make their recommendations considering two basic criteria:
the highest payoff research needs or opportunities, and their order of priority.

7.2.6.1 Methodology

The DOE assembles peer review panels, as required, in its primary functional areas of
research. Project reviews take place in panel sessions lasting from two to four days. Prior
to the panel session, each principal investigator submits a package of documents which is

* distributed to the panel members to assist in evaluating the principal investigator’s project at
the panel session.

7.2.6.2 Peer Review at the Yucca Mountain Site

Yucca Mountain is being considered as a site for long-term deposition of high-level
radioactive waste. As such, many of the detailed geologic, hydrologic, and other scientific
investigations being performed at the WIPP are or were also performed at Yucca Mountain.
This section examines peer review of .one of these proposed studies and one of the
investigation reports. '

Peer review panel members were provided advance copies of the draft documents to be
considered. In one case, this was a copy of two proposals for in-situ study of radionuclide
migration (NVOS81). In the other case, the document was a report of an investigation of
hydrology and geology in the Yucca Mountain area (NVO81a). Panel members were given a
“charge," that is, they were asked by the Technical Project Officer to review the documents
with certain criteria in mind. Following the panel session, each individual peer reviewer sent
comments to the Technical Project Office. The technical project officer then prepared
responses to these comments, and submitted the responses to NTS management.

Peer Review of Radionuclide Migration in Tuff and Granite, NVO 196-23. This review
concerned two proposals for future in situ investigations of radionuclide migration in
tuffaceous and granitic rock. The proposed radionuclide migration work was to be conducted
by scientists from Los Alamos National Laboratory, Sandia National Laboratories, and
Argonne National Laboratory for the tuffaceous rock and the Lawrence Livermore National
Laboratory for the granitic rock (NVO81).
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Comments in the radionuclide migration peer review report were compiled from a peer
review panel meeting conducted August 18-19, 1980 in Las Vegas, Nevada, as well as
individual comments submitted by each of the peer review panel members. Individual

comments were submitted after the panel meeting concluded, typically within one month
(NVOB81).

The need for a peer review panel was determined the Office of Nuclear Waste Isolation
(ONWI) and the Nevada Nuclear Waste Storage Investigations (NNWSI).!® Reviewers
representing appropriate fields of expertise were invited to attend the review sessions.
Nationally known, as well as prominent state and local, scientists were selected to participate
in the peer review process. At the peer review meetings, the NNWSI Technical Project
Officers, Principal Investigators from the laboratories, and NTS technical staff members
involved in the radionuclide migration studies made detailed presentations and answered
questions about their investigative actions and findings, as well as the proposed study efforts.

The peer review panel consisted of eight scientists from universities, private industry, and a
government agency other than DOE. '

The peer review report contains summarized comments from the panel sessions as well as
individual comments from reviewers. Some summarized comments lack scientific precision.
For example, in discussing the use of tracers, the peer review panel noted that "Tracers

mentioned for cold experiment (except for U-235) will sorb like crazy and never be observed
at the collection point...." (NVO81).

A section of the peer review report is a reply to the peer review comments prepared by the
Technical Project Officer. The reply indicated that some of the panel’s comments will be
incorporated; however, the panel provided no mandatory comments, and there was no
opportunity for the panel to concur with the reply prepared by the Technical Project Officer.

.15 The NNWSI were a part of the National Waste Terminal (NWTS) Program of the DOE. The NNWSI
were formally organized in 1977 and managed by the Waste Management Project Office of DOE’s Nevada
Operations Office. The NNWSI existed to develop or improve the technology for high-level nuclear waste
handling, containment, and isolation, and determining whether suitable rock units on or adjacent to the Nevada

Test Site (NTS) were technically acceptable for a licensed permanent nuclear waste repésitory (NVO81,
NVO81a).

' The one government panel member was from the U.S. Geologic Survey.
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Peer Review of Geologic and Hydrologic Investigation of Yucca Mountain Peer Review
Documentation, NVO-196-22. This peer review was conducted in a somewhat different
manner than the previously described review. Peer review panel members were provided the
basic report ahead of time, and then met to discuss its technical merit. The panel session
included a site visit to a portion of the Nevada Test Site. Following the panel session,
individual members submitted written comments to the Technical Project Officer.

One reviewer felt that the panel meeting was not long enough to complete all required
discussions. The same reviewer was dissatisfied with breaking the panel review into several
different workshops. He felt that there was too much interrelationship between, for example,
the hydrology and geology sections for them to be discussed separately.

Several panel members commented that, although the peer review panel ﬂtesentations were
generally useful, the panel members did not receive a handout of the material from the
individual speakers prior to their discussions. One of these reviewers went on to note that
"Most of us were not that familiar with the geologic formations, their positions in the
geologic colurnn, or the details that characterize them.” (NVO81a).

The lone representative (out of ten) from industry noted that a certain difference existed
between the academicians on the panel and himself.”” Because of what he perceived as the
“urgency of the problem" (i;e., finding a repository for high level radioactive waste), this
reviewer felt that "more forward, goal oriented (industrial) approach to the depository siting
should be considered." He urged inclusion of more industry representatives on future peer
review panels. (NVO81a).

Summary of NVO Peer Reviews. These two peer review documents might seem, on
cursory inspection, to be similar. However, NVO 196-23 appears to be related to a
research/investigation funding decision while NVO 196-22 is more of a technical review that
is intended to verify the adequacy of the investigation. However, the peer review comments
in NVO 196-23 are primarily technical in nature, and contain no specific recommendations as
to whether or not the two projects should be funded. The comments for NVO 196-22, on
the other hand, address several programmatic issues in addition to technical comments.

7 According to this reviewer, "The university - industry differences in approach to applied research

investigations is well known."” (NVO81a).
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The format for submitting comments, 2 general set of comments from the peer review panel
followed by written comments from individual panel members, appears to have posed a
dilemma for the NNWIS staff and the Technical Project Officer. Some individual comments
were diametrically opposed, while other comments reflected the views of only one or a few
members. One reason for this situation may have been the apparent lack of a panel
chairman. Instead of the panel evaluating and concurring in the work, in effect several
different (eight to ten) peer reviewers commented. The project staff was thus put in the
position of having to respond to more comments than if a unified set of comments had been
forwarded by a panel chairman, and the project staff had to respond to comments that did not
always agree as to the direction the research should follow.

In addition, post-panel submission of written comments meant that any potential interactions
between panel members and the project staff was necessarily limited or non-existent. This
problem was apparent from several project staff replies. For example, several panel
members referred to the need to access "open-file reports” and to have project documentation
provided to the panel members in advance of the peer review panel meeting. The project
team responded that they were uncertain as to what reviewers mean by higher profile reports.
Misunderstandings like this might be resolved if the comments had been provided during the
pa.nel session, or if some mechanism existed for the panel members and the project staff to.
interact after submission of peer review comments. -

7.3 SUMMARY OF PEER REVIEW

Peer review, as practiced at other government agencies and at private institutions such as
universities, varies from an informal process in which reviewers are mailed a document and
after review, simply send back a set of comments, to a more formal process with specific
agendas, scheduled panel meetings, specific forms to use for recording comments, feedback
mechanisms between panel members and project staff, etc. Based on the different processes

used by various agencies for conducting peer reviews, the most effective peer reviews occur
when: ’

o sufficient advance notice is given;

o adequate numbers of reviewers are selected so that all aspects of the project
are represented;
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o for large projects, a panel session lasts several days and includes site visits, if
necessary;

. the panel has a chairman, and the chairman seeks to gain consensus on the
peer review comments and presents a unified list of conclusions to the
Principal Investigator;

. any strong disagreements among panel members are be highlighted;

o reviewers have a charter, or a check list of items or evaluation criteria, to
consider in the review;

* members are not discouraged from voicing opinions in any area related to the
subject being reviewed;

¢ a process is in place wherein responses to peer review comments. are reviewed
by at least the panel chairman;

* any major differences between panel and project staff are resolved;

° the agency forming the peer review panel strives for a balance of expertise,
and of scientific views, on the panel.

Thus, use of peer review to establish the accuracy or adequacy of scientific procedures,
methods, scope of examination, or data is best accomplished when peer reviewers are
selected based on depth and area of expertise (and considering possible conflict of interest),
and when the process and results are thoroughly documented and responded to by principle
investigators.

After evaluating a variety of peer review programs for different purposes, EPA has identified
important criteria for conducting and documenting peer review, as described above. The
Agency determined that these criteria are clearly articulated in NUREG-1297, which provides
appropriate guidance for implementing such procedures. Thus, the final rule provides that
peer reviews required for the WIPP must be conducted in a manner that is compatible with
NUREG-1297.
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8. Uncertainty and "Reasonable Expectation”

8.1. INTRODUCTION

8.1.1 Background

The final rule places statistical requirements on the results of performance assessments in
order to consider the quantitative uncertainty inherent in long-term predictions. As stated in
EPA’s 40 CFR part 191 disposal standards, "Because of the long time period involved and
the nature of the processes and events of interest, there will inevitably be substantial
uncertainties in projecting disposal system performance. Proof of the future performance of
a disposal system is not to be had in the ordinary sense of the word in situations that deal
with much shorter time frames."

Several physical processes take place over the design life of the WIPP. Because of »
uncertainty propagation, a calculation based on worst case values for each input parameter
across all processes would yield results that would not be likely to portray disposal system
performance. This is only one dimension of the uncertainty issue. A paper presented by
Zuidema of Switzerland’s National Cooperative for the Storage of Radioactive Waste
(NAGRA) at a 1991 NEA workshop on criteria for HLW disposal identified four sources of
uncertainty in disposal system safety analysis: |

. uncertainty in scenarios;

. uncertainty in conceptual models;
. parameter uncertainty; and

° parameter variability.

Recognizing these uncertainties, the disposal standards state that there should be "a
reasonable expectation ... that compliance ... will be achieved.” This phrase represents a
general principal for due consideration of (1) the uncertainties involved in projecting disposal
system performance for 10,000 years, and (2) the entire record submitted to the
Administrator.

The goal of the WIPP performance assessment is to develop predictions of the distributions
of the cumulative release, doses to individuals, and radionuclide concentrations in ground
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water over 10,000 years at the WIPP disposal site (SNL92, HEL93a). These distributions
are functions that indicate the probability of exceeding various levels of three parameters:
cumulative releases, doses to individuals and ground-water concentrations. Ideally, a single
function for each parameter would be formed by combining distributions resulting from all
possible scenarios, after considering all uncertainties in scenarios, in conceptual models, in
parameter uncertainty, and in parameter variability over the 10,000-year regulatory horizon
mandated in 40 CFR part 191.

Certain physical parameters may remain unchanged over 10,000 years, but changes, for
example, in geology and climate, must be forecast "to the extent practicable” (§194.'25(b)).
Among the scenarios of interest is the number of times humans will inadvertently intrude into
the disposal system in search of resources. DOE has developed a human intrusion scenario
(SNL93, HEL93b) with sub-scenarios including two different intrusions: the first is a V

- penetration of the disposal system and a brine pocket below the disposal system which allows
brine to enter the disposal system; the second is the interception of the disposal system
without hitting a brine pocket. Both events result in the release of the radionuclides to the
accessible environment from the cuttings associated with drilling operations and can result in -
release to the accessible environment by lateral transport in ground water associated with
overlying geologic formations.

. The predictions generated by the WIPP performance assessment model for a variety of
human intrusion scenarios are made conditionally: if scenario A occurs and the model
parameters are assigned certain values, then the model predicts the distribution of releases
under a specific set of assumptions. The predictions are made using very elaborate computer
codes requiring many input parameters to define the scenarios and their implications. These
input parameters may be based on actual data or on expert judgments. '

8.1.2 General Approach to Evaluating Compliance

This section discusses the statistical concepts which are relevant to regulatory decision-
making. The random variable R denotes the cumulative release of radionuclides from a
disposal system, while a fixed numerical limit (L) is selected as the maximum allowable
release for the disposal system. Unless there is a strict upper bound on its distribution, the
random release cannot be proved to satisfy a specific mathematical constraint of the form "R
is less than L." At best, if the probability distribution of the release is known exactly, then
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the probability that the release is less than the regulatory limit may be calculated from the
distribution. This probability is denoted by the notation Pr{ R < L }, which is read as the
"probability that R is less than L."

For most regulatory applications, it is sufficient to require that the probability of the release
being less than the regulatory limit is high. Probability values near. 100 percent would be
necessary to ensure that compliance is almost always obtained. If one uses the symbol P
denote this high level of probability, the regulatory requirement would be written as

P{R<L}>P

An equivalent statement of the regulatory requirement is that the P* percentile of the
distribution of R be less than the regulatory limit L. Let R, denote the P* percentile of the
distribution of R. Using percentiles, the regulatory requirement may be written as

R, < L

Under either of these equivalent interpretations of the requirements in §191.13(a), there
would be at least a probability P that the random release is less than the regulatory limit. In
this case of a known distribution for the release, all that remains is to select the appropriate
value of the required probability (P), and the appropriate value for the release limit (L).

If this were an enforcement problem for a hypothetical nuclear plant, the distribution of the
release could be determined by going to the site and measuring radionuclide releases from
the stack. From these observations, collected over time, the distribution of the random
release could be estimated, leading to a compliance determination based on data and standard
statistical procedures.

In this example, the need to estimate the distribution of the release from sample values
results in a sampling error for-the estimated probability that the release is less than the
_regulatory limit. If the percentile interpretation is used, there will be sampling error in
estimating the P* percentile of the distribution. These sampling errors should be considered
when comparing the estimated probability or percentile to the requirement. A 90 or 95
percent confidence interval is often used for sample-based estimates of the probability or
percentile. If the confidence interval lies entirely below the required value, the power plant



is determined to be in compliance at the appropriate level of confidence. If the resulting
confidence interval was too broad to reach a clear determination of compliance, more |
observations could be collected to reduce the confidence interval. ‘ |

Confidence interval procedures are designed to be applied to samples of observations on the
random variable of interest. As more and more observations are collected, more and more
information is gained about the distribution of the random variable, and the resulting

confidence intervals on the estimated probabilities and percentiles become smaller and
smaller.

There is a fundamental difference between this well-known procedure of collecting actual
observations on a random variable and the process of making predictions of a random
variable. As more and more predictions of a random variable are generated, there is no
guarantee that more information is generated about the true distribution for a future
realization of the random variable.

Unlike the simple nuclear plant example above, the subject of analysis for the WIPP disposal
system is the distribution of cumulative releases of radionuclides to the accessible
énvironment over a 10,000-year time frame. Because the cumulative release for this site is a
future realization of a random variable, its prediction involves considerable uncertainty.
Estimates of the probabilities and/or percentiles are required to verify compliance. Due to
the uncertainty intervals surrounding these estimates, there can be no absolute assurance that

the probability statements contained in the regulations are satisfied. At best, compliance can
be determined only to within a certain level of confidence.

Estimates derived from the WIPP performance assessment modeling system will have errors
of prediction associated with each estimate produced by the model. However, unlike the
sampling problem referred to earlier, the "confidence intervals" for the estimates are not
necessarily reduced by running the model repeatedly, geperating more and more predictions
based on the same assumptions. Rather, the WIPP performance assessment has attempted to
reduce the "confidence intervals" or, more generally, the uncertainty interval surrounding the
estimated probabilities and percentiles by running the model under a wide variety of
assumptions.
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The current WIPP performance assessment process addresses two sets of uncertainties:

1) the uncertainties surrounding probability distributions selected for values of
parameters used as WIPP performance assessment model inputs; and

2) the uncertainties surrounding the definition, screening, and quantification of
possible future scenarios and their probabilities.

DOE has expanded its efforts to quantify uncertainty distributions for the input parameters,
thus reducing uncertainty due to the first type of assumptions. Panels of experts have
addressed the probabilities of future scenarios in an attempt to reduce uncertainty regarding
the second type of assumptions.

In the nuclear plant example, there was a possibility of reducing the size of the confidence
intervals of estimates by collecting more observations at the site. In the prediction problem,
only one method is available for reducing the uncertainty of the resulting estimates. This
method involves quantifying the uncertainty associated with the assumptions on which the
forecast is based. The uncertainty surrounding model input parameters may be estimated by
specifying probability distributions for these parameters based on the best knowledge of the
disposal system. If the uncertainty distributions are developed based on observations of the
variability of physical parameters measured at the WIPP site, then uncertainty intervals
surrounding these physical parameters can be reduced further by collecting more information
about the site, waste characteristics, and their interactions. This leads to a greater reduction
in uncertainty concerning the estimated probabilities and percentiles for the total release.
Thus, uncertainty due to the first set of assumptions may be reduced by collecting more
‘information about the model input parameters.

The selection of possible future scenarios and the probabilities assigned to these scenarios in
the second set of assumptions involve a different type of uncertainty.

8.1.3 Qutline of Chapter 8

The following section presents a formalized concept of the probability of compliance.
Applications of the probability of compliance concept to a variety of compliance criteria are
discussed. Alternate criteria for compliance are compared and the advantages and
disadvantages of each noted in Section 8.3. Section 8.4 reviews other regulatory examples
of concepts related to reasonable expectation. Conclusions and recommendations are
presented in Section 8.5.
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8.2 PROBABILITY OF COMPLIANCE

8.2.1 Review of the Probabilistic Requirements of 40 CFR Part 191

§191.13(a) contains the following regulatory requirements:

Disposal systems for spent nuclear fuel or high-level or transuranic radioactive wastes
shall be designed to provide a reasonable expectation, based upon performance
assessments, that cumulative releases of radionuclides to the accessible environment

for 10,000 years after disposal from all szgmﬁcant processes and events that may
affect the disposal system shall:

(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 fen times

the quantities calculated according to Table 1 (Appendix A). [ltalics added for
emphasis.]

~ Table 1 of Appendix A of 40 CFR part 191 defines a set of permissible release limits for the
isotopes of concern. In instructions accompanying this table, guidelines are suggested for the
appropriate use of Table 1 quantities in conducting a performance assessment. For each
isotope, the ratio of the predicted cumulative release to the accessible environment over
10,000 years to the permissible release limit listed in the table is to be calculated. The ratio
thus obtained is often referred to as the "normalized release” for each isotope. The
normalized releases for all isotopes in the table are then added together to form the sum of
the normalized releases. For example, the limit given in Table 1 for cumulative releases of
each listed plutonium isotope to the accessible environment for 10,000 years after disposal is
100 curies per unit of waste disposed of at the site. If the estimated cumulative release over
i0,000 years for the isotope is 70 curies per unit of waste, the normalized release for this
isotope is calculated as 70/100 = 0.70. The normalized release is to be calculated in this
fashion for each isotope in Table 1.

The sum of the normalized releases for all isotopes disposed of at the site is used for
evaluating the probabilistic requirements 1 and 2 in §191.13(a) given above. To satisfy
§191.13(a)(1), there must be a reasonable expectation that the probability of the sum
exceeding 1 is less than 10 percent. To satisfy §191.13(a)(2), there must be a reasonable
expectation that the probability of the sum exceeding 10 is less than 0.1 percent. In terms of
percentiles, the 90 percentile of the distribution of the summed normalized releases must be
less than 1, and the 99.9" percentile must be less than 10. §191.13(a) requires that estimates
be made for two upper percentiles of the distribution of releases and specifies upper limits on
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these percentiles.

To construct this distribution predicting the disposal system’s performance requires
calculation of the summed normalized release (termed simply the "release” in this discussion)
and its probability of occurrence for each intrusion sub-scepario. The cumulative probability
distribution for the release is obtained by sorting the estimated releases for each sub-scenario
in increasing order. The ordered releases and their associated probability values are then
used to construct the cumulative probability distribution, which is a step function defined
over the range of release values which are called the arguments of the function. The step
function starts at zero for a release value of zero. At each estimated value of the release, the
function steps up by an amount equal to the associated probability of the release. The
cumulative distribution function so defined is a non-decreasing function which cannot exceed
the value of unity (1). The value of the function is equal to the probability that the release is
less than or equal to the value of the argument of the function.

The Complementary Cumulative Distribution Function (CCDF) is defined as the difference
between the cumulative distribution function and the value 1. The probability and percentile
limits set forth in §191.13(a)(1) and (2) and the reasonable expectation of compliance ‘
concepts are described in terms of the CCDF of the summed normalized release variable.
The value of the CCDF function gives the probability that the release is greater than the
value of the argument. The CCDF for the random variable R is denoted by the function

F(r)=Pr{R >r}.

The function F( r ) is always between O'and 1, and can never increase as r increases. Using
the CCDF function, §191.13(a)(1) and (2) are commonly written in statistical terminology as:

(1) F() < 0.1; and
@ F(10) < 0.001.



An equivalent statement of the regulatory requirements written in terms of the 90 percentile
(denoted by R,) and the 99.9* percentile (denoted by R o) as

(1) Ry < 1; and
(2) Ry < 10.

Because the summed normalized release is not only a random variable, but a random variable
with a distribution that can be predicted only with a considerable degree of uncertainty, only
estimates of the probabilities and percentiles (i.e., the quantities written on the left side of the
four inequalities above) can be developed. Each estimated probability and percentile will
have an error of estimation. One interpretation of the concept of reasonable expectation is
that there must be reasonable evidence that all or most of the uncertainty intervals for the
estimated percentiles and probabilities will fall below the designated regulatory requirements.

8.2.2 Statistical Interpretation of the Requirements of 40 CFR Part 191

As noted in the introduction, a random variable with no strict upper bound cannot be
"proved" to satisfy a specific mathematical constraint of the form R < L, where the limit L
is a specified number. This situation is encountered often in the application of statistical
methods to environmental problems. The random variable R denotes a random level of
emissions and the fixed numerical limit L is the maximum allowable emission for the
substance under consideration. If the probability distribution of the emission R is known
exactly, then an exact estimate of a percentile or a probability may be derived by calculus.

If this probability is large (i.e., near 100 percent), then it would be "almost always" true that

the emissions are less than the regulatory requirement.
The order of the inequality inside the probability statement may be reversed. In this case,

the probability that R exceeds L would be required to have a small value. The requirement
then would be stated as

Pr{R > L} < Q,

where Q is a small probability value. Using the CCDF function notation, the regulatory
requirement is stated as

FQL) < Q.



The values Q,; = 0.1 (10 percent) or Q, = 0.001 (0.1 percent) are used in 40 CFR section
191.13(a) at two different values of the radioactivity release, L, = 1 and L, = 10,
respectively.

The required estimate of a probability or percentile can be calculated from the known
distribution and compared directly to the proscribed probability level. This procedure
provides a simple "Yes" or "No" answer for determining compliance with the probabilistic
requirements of 40 CFR part 191.

If the distribution of R is not known exactly, then the above approach is not sufficient to
define compliance with the regulatory requirements in a statistical framework. The estimated
probabilities or percentiles will have. an associated uncertainty interval because the exact
distribution of R is unknown. Hence, there will be uncertainty in determining if the

estimated probability is less than the target probability. This uncertainty in determining
compliance could be addressed in two ways. Careful review of the modeling procedures and
the record before the Agency by panels of expert reviewers could be used to increase the

level of confidence in the reported results. Or, a statistical determination of compliance

could be made from the reported results by conducting a hypothesis test at a specified level

of confidence. These two approaches are discussed in more detail in the following sections.

8.2.3 Use of Expert and Peer Review for Determining Level of Confidence

The use of statistical methods alone cannot assure that predicted releases of radionuclides to
the accessible environment from the WIPP disposal site will comply with the regulatory
requirements of 40 CFR part 191. ‘ '

A compliance determination would be based on the entire record before the Agency, including both
qualitative and quantitative evaluations. For each of the quantitative requirements in the regulations,
the determination of reasonable expectation may be based on quantitative analyses as specified in the
regulations, supported by qualitative judgment of the degree of confidence in the reported WIPP
performance assessment and compliance assessment results. '

A qualitative assessment of the degree of confidence may be derived from the formal review

process. The review process would comprise, in part, empirical testing of the model components, a
complete review of the documentation of the model, evaluation of all significant uncertainties, and
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peer review where required by 40 CFR part 194 and involving assessment of the assumptions and
findings reported in the WIPP compliance application.

The testing of model components would include evaluation of the physical basis for the model,
verification of the numerical accuracy of the calculations performed by the model, validation of

approximations made in the calculations, and review of the probability distributions assigned to
uncertain input variables.

The peer review process of the conceptual models provides an additional level of confidence for the
reported numerical results of the performance assessment process. However, the quantitative nature
of the requirements of 40 CFR section 191.13(a) implies that qualitative evaluation alone is not
sufficient for determining compliance. In the following sections, quantitative measures of the degree
of confidence obtained by statistical procedures are reviewed.

8.2.4 Use of Statistical Methods for Determining Compliance

Many statistical methods can test hypotheses about the distribution of R when the underlying .
distribution is not known exactly but must be estimated. The methods primarily differ according to

the assumptions made concerning the form of the unknown distribution. These methods generally
are classified as parametnc Or non-parametric.

Parametric methods contain specific assumptions concerning the form of the probability distribution -
for the variable to be tested. A particular family of probability distributions, indexed by one or
‘more parameters, is selected as a general model for the observed data. Estimates of the parameters
are made from the data to select from the family a specific distribution to use for the hypothesis
test. A typical parametric example is the use of the family of normal or Gaussian distributions
parameterized by a population mean and a population variance which is the square of the standard
deviation. The normal distribution has the familiar "bell-curve" shape, being symmetric about the
mean of the distribution. Furthermore, the mean, median (or simply stated the middle value), and
mode (that is, the most likely value) are represented by the same point of the distribution.
Parametric methods begin by estimating the unknown mean and variance parameters of the
distribution using the available data, denoted by X, X,, ... Xy. A typical estimator for the
population mean (M) of the normal distribution is the simple average:

M=CX/N
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A typical estimator for the population variance (V) is the mean squared variation of each data point
X; from the estimated mean:

V=LX-M?2/(N-1)

The population standard deviation is estimated as the square root of the variance of the data
samples.

Each of the estimated parameters has an associated measure of sampling error. In the case of the
estimated mean, its sampling variance (V,,) is estimated by dividing the population variance by the
sample size N: V,, = V / N. The standard error of the mean SE(M) is calculated as the square
root of Vy,. Thus, the standard error of the mean is smaller than the population standard deviation
by a factor equal to the square root of sample size N. As the number of observations increases, the
standard error of the estimated mean is reduced by a predictable amount. Estimates of the sample
size required to reduce the standard error of the mean to specified levels may be derived based on
this relationship.

Parametric models such as the normal distribution also are used for testing hypotheses. A typical
parametric hypothesis test for the mean of the normal distribution would begin by estimating the

~ mean and the standard error of the mean using the procedures above. If it is necessary to determine
if the mean is below a specified upper limit (L), then the hypothesis test is conducted by comparing
~ the estimated mean to the limit L. Because there is sampling error associated with the estimated
mean, the actual comparison is made using the upper bound of the confidence interval for the
estimated mean:

M + kSEM) < L,
where k, is selected to provide the appropriate a% confidence level for the test.

The lognormal distribution is often used as a parametric model for environmental quantities. This
distribution, which is defined for positive variables only, is not symmetric, but highly skewed to the
right or left (If there is a long tail on the right side of the distribution which extends up to large
values of the variable then it is referred to as positively skewed). The lognormal probability
distribution is obtained by an exponential transformation from a normal variable. If the variable X
has a normal distribution, then the transformed variable Y = e* is said to have the lognormal
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distribution, because the (natural) logarithms of Y values have a normal distribution. Applying the
exponential transformation to the mean of the normal distribution, which is also the median, with

probability of 0.5 below the median and 0.5 above the median, yields an estimate of the median of
the lognormal distribution.

Parameter estimates for the lognormal distribution are typically derived by taking logarithms of the
lognormal observations (Y, Y,, ..., Yy), then applying the estimators defined above for the mean
and variance of the normal distribution. For example, the simple average of the logarithms of the
Y; values is an estimate of the mean (and median) of the transformed normal distribution. The
exponential function is then applied to the average of the logarithms to calculate an estimate of the
median of the associated lognormal distribution. This procedure often is described as calculating the
geometric mean of the lognormal observations, which provides the same estimate for the median of
the lognormal distribution. Furthermore, if experts provide judgments on the upper and lower
percentiles of the distribution, an estimate can be made for the variance of the lognormal

distribution. Knowledge of these two parameters (the mean and variance) completely defines the
distribution.

Parametric hypothesis tests for the lognormal follow the same general procedures as for the normal
distribution. Tests for the median of the lognormal distribution are simpler than for the mean of the
lognormal and follow the same procedure as the test for the mean of a normal distribution. The
mean of the logarithms of the observations (plus a multiple of the standard error) is compared to the
logarithm of the regulatory limit L. Tests for the mean of the lognormal require more detailed
calculations to determine the standard error of the estimated mean.

The use of parametric methods is based on several assumptions. The most important of these is the
selection of a particular family of distributions as a probability model for the data. Generally, a
large number of observations is required to determine if this assumption is correct. However, even

with a small number of observations, it may be obvious that certain families of distributions may not
be applicable.

Non-parametric statistical tests, by comparison, make minimal assumptions concerning the specific

probability distribution for the observed random variable. The usual assumption that the variable

has a probability distribution with a defined mean and variance is very general. In terms of modern
statistics, non-parametric statistical tests of hypotheses are considered "robust" with respect to
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assumptions made concerning the form of the distribution of R. The results of a robust statistical
test will be affected less than a non-robust test if the actual distribution of the data departs from the
assumed distribution. '

Specifically for the case when the distribution of the normalized release is not known exactly, 40
CFR sections 191.13(a)(1) and (2) may be written as two statistical hypotheses (H, and H,) to be
accepted or rejected by applying a statistical test. Using the CCDF approach, these hypotheses can
be stated as:

(1) Hy: F(1) <0.1; and
(2) H,: F(10) < 0.001.

Or, in terms of percentiles, the regulatory requirements may be expressed as:

(1) H;: Ry < 1; and

More generally, a single hypothesis referred to as the "joint null hypothesis” may be written in
terms of the CCDFs as |

Hy: F(L) <Q, fori=1,2
or, in terms of percentiles as
H: Ry <L, fori=1,2;

with P;, Q; and L; defined as above. The joint null hypothesis is to be tested against all alternatives.
If there is no sufficient statistical evidence to reject the null hjlpothesis, then the null hypothesis is
said to be "accepted.”" Note that the statistical hypothesis testing procedure does not "prove™ that
the null hypothesis is trué; it states only that no sufficient statistical evidence could be found to
reject the null hypothesis.

Hypothesis tests concerning probability stateménts such as H: F(L;) < Q; or H: Ry < L; when

" the distribution is not known with certainty are generally based on samples obtained from the
distribution of the random variable. The degree of "truth" obtained by applying these hypothesis
tests for probabilities or percentiles of predicted future realizations of the random variable R is more
difficult to quantify. In this case, the "truth" of the results can be assessed only probabilistically.
The probability of compliance with 40 CFR part 191 may be estimated using simulation results to
characterize the uncertainties involved in estimating the future distribution of the random release.
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8.2.5 Use of Sampling Methods

The performance assessment modeling process contains two stages of analysis. In the first stage, a
set of scenarios is selected for evaluation. Subjective probabilities are assigned to the scenarios. In
the 1992 performance assessment (SNL92), scenario probabilities are generated based on the results
of expert panels, which addressed the likelihood of human-intrusion processes and the deterrent
effect of markers. In the second stage of the analysis, the performance assessment model evaluates
the summed normalized release for each scenario. At this stage, specific values for the physical
parameters of the model must be selected. Rather than being assigned a single value, each
important input parameter has been assigned a probability distribution that reflects the uncertainty in
the value of the parameter. (These distributions have been assigned independently for each
parameter.) The model is run repeatedly, using a Monte Carlo simulation approach to generate a
distribution of possible values for the summed normalized release. '

This approach is widely accepted, and is currently being followed by DOE for the WIPP
performance assessment and both DOE and NRC for the Yucca Mountain performance assessments.
However, other sampling strategies, generally known as "importance sampling" (WU93) have non-
equal probabilities in order to concentrate the samples in the region of parameter space where the
models have the greatest sensitivities to parameter variations. The purpose of importance sampling
is to increase sampling efficiency in order to reduce the computational workload while minimizing
the need for model oversimplification or reduced coverage of the parameter space. Furthermore, 40
CFR part 191 requires only the determination of two points on the CCDF at probabilities of 0.1 and
0.001. The rest of the CCDF is not significant to determine these compliance points. (That is not
to say that only two points are considered in the compliance determination; other information is not
discarded. It is only after all information has been organized into a CCDF that it reduces to this
two point test. Because the CCDF algorithm orders the scenarios by calculated release, the
approach to the release limits is closest at these two points.) Techniques such as importance
sampling might be able to develop the compliance points with far fewer samples than the Latin
Hypercube Sampling (LHS) Monte Carlo technique selected by DOE for WIPP performance
assessment (SNL85).

In the general Monte Carlo approach, a single value for each input parameter would be sampled

independently from the appropriate distribution for the variable within each run of the model. The
LHS method is based on dividing the parameter distribution into strata which are intervals of equal
probability. An interval is selected, then a random sample is drawn from the selected interval of the .
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distribution. The effect of the LHS procedure is to ensure a more uniform spread of sampled values
over the entire range of the parameter distribution than might be obtained by simple Monte Carlo
sampling. The LHS procedure would be unnecessary if large sample sizes could be used for the
Monte Carlo simulation. Due to the complexity and sometimes costs of the computer models, only
a relatively small number of samples are used currently. For small sample sizes, the LHS
procedure provides a more efficient sampling techniqué in comparison to alternatives.

Many types of probability distributions are used to describe the uncertainty in the WIPP
performance assessment model input parameters. Physical parameters used in the model are
assigned distributions based either on available data or the subjective opinion of experts. Some
distributions, based on actual data, do not belong to a known family of distributions. These
distributions are constructed directly from the observed data by forming the cumulative distribution
function. Other families of distributions selected for the model input parameters typically include
the beta, gamma, exponential, normal, lognormal, uniform, loguniform, discrete uniform, binomial,
and Poisson distributions. The beta, uniform, and loguniform distributions are appropriate for
parameters that are assumed to lie in an interval between two known endpoints. The gamma,
exponential, and lognormal distributions are appropriate for positive parameters with distributions
which are skewed to the right, with a long tail extending to higher values of the parameter. The
first six families of probability distributions are defined for variables that can take a continuous
range of values. The discrete uniform, binomial, and Poisson distributions are appropriate for
parameters that have only integer values.

In summary, the performaﬁce assessment modeling process may be described as a two-step
procedure: '

1. A complete set of possible future scenarios, denoted by the set {S;, j = 1, ..., J}, is
developed conceptually with the understanding that all possible outcomes have
been included. The scenarios are then assigned probability distributions, which
must sum to 1 over all scenarios.

2. At this stage, a specified number of independent samples are selected by the
LHS procedure, for example, from the subjective uncertainty distributions
assigned to the input parameters of the model. Specified pair-wise correlations
can be contained in the analysis. The model is then run for each LHS sample S,
generating N CCDFs for all scenario S;. Using all scenarios j, and each list (or
vector) of subjective distributions on model input parameters, N distribution
functions are computationally generated (where N = number of sample vectors
taken using the LHS procedure.) For the scenarios analyzed, each LHS model
run generates a different CCDF F, for the distribution of the summed normalized
release. :
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8.2.6 Conditional Probabilities of Compliance

It may be possible to reduce the set of N LHS CCDFs for each scenario to a single
probability distribution. This reduction may be accomplished in two steps. First, the set of
LHS curves for each scenario can be reduced to a single distribution for the normalized
release. The resulting distribution would be conditional in the sense that the scenario would
be assumed to occur with a probability of 100 percent. Second, the conditional distributions
for each scenario would then be weighted by the scenario probabilities and combined into a
single (unconditional) curve for the WIPP site. This approach was not applied since single
probability estimates were not used. Instead, probability distributions were assumed by DOE

for the scenarios and a mean CCDF was calculated for the collection of scenarios using a
sampling based approach. |

Several methods have been proposed to reduce the set of LHS CCDFs to a single curve
involving all scenarios (SNL92, ESL92). The methods for reducing to a single CCDF
include using these aspects of the LHS CCDF values:

1. the mean which is the simple arithmetic average (i.e. a vertical averaging of the
generated CCDF curves;

the median which is the 50® percentile;

selected upper percentiles (those higher than the medlan) or

selected order (or rank) statistics (e.g., the maximum which is the highest of the
ordered observations, the second highest, etc.) ’

P

As stated, 40 CFR sections 191.13(a)(1) and (2) require that estimated releases be evaluated
at the two values of the summed normalized release: R =1L, =1and R = [, = 10.
However, it is informative to generate the entire CCDF for the scenario in graphic form.
‘An example of the reduction of 10 LHS CCDFs to a single curve using the maximum of the
set of LHS CCDFs is shown in Figure 8-1. The maximum curve (an example of alternative
4 above) is the solid line labeled A in the'ﬁgure. The maximum curve, defined as a function
of the normalized release R,is also defined to have the highest value of the set of LHS CCDF
probabilities at each value of the release.

Figure 8-1 also includes a graphic representation of the requirements of §191.13(a)(1) and (2)
indicated at the corners (1 and 2, respectively) of the step function (line B) in the upper right
corner of the figure. The regulations proscribe probabilities of release in the region above
and to the right of this step function. In this example, the maximum curve complies with
§191.13¢a)(1) at R = 1 = 10°, while it slightly exceeds §191.13(a)(2) at R = 10 = 10'.
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Figure 8-1. Ten Hypothetical LHS CCDFs, with Maximum

Although graphic representation of the entire curve helps in visualizing the curve reduction
procedures, the entire curve need not be calculated to determine compliance in the strict
statistical interpretation of the regulations. Returning to the discussion of Figure 8-1, the
dotted line C marks the value of R = 1 = 10°. To complete the requirement in
§191.13(a)(1) a similar line could be drawn to mark the value of R = 10 = 10'. The
equivalent of reduction to a "single curve" is obtained by applying one of the four methods
of curve reduction noted above to the set of point estimates shown by the large dots along
line C. The set of 10 points along line C represent 10 independent estimates of the
probability that the normalized release exceeds 1. Although equivalent calculations may be
performed for the entire CCDF, only points on the curve noted in the figure and along a
similar line R = 10 = 10! need to be considered in determining compliance. Both sets of
point must be considered for the 40 CFR part 191.13(a) compliance test.
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Figure 8-2 shows the mean (A), 90® percentile (B), and median (C). of a set of LHS CCDFs.
The use of the mean was considered as the first alternative method for reducing the set of
LHS CCDFs to a single CCDF, while the median was the second alternative, and the 90®
percentile is an arbitrarily selected example of the third alternative. In Figure 8-2, all three
reduced curves indicate compliance with both §§191.13(a)(1) and (2). Note, however, that
the mean is below the median for small values of R, indicating an asymmetric (non-normal)
distribution. Also, it exceeds the 90™ percentile at higher values of R. At very high values
of R, the mean lies close to the maximum curve shown in Figure 8-1. Calculation of the
unconditional probability of compliance for all scenarios is based on the conditional
distribution of intersection point values for each scenario. The range of the distribution of
these values reflects the range of uncertainty due to the model parameters for the scenario at
hand. The mean, median, and percentiles of this distribution, and the maximum, second

highest, etc., of the intersection point values, are all possible methods for reducing the set of

N intersection points to a single point estimate.
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Figure 8-2. Mean, 90th Percentile, and Median Curves from Set of 10 LHS CCDFs
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Uncertainty in these point estimates should be considered in the assessment. Hence, the
spread of the distribution of intersection points must also be quantified. The combination of
the selected point estimate and an estimate of the spread of the distribution is required to
characterize the degree of confidence for the determination of compliance.

The following section addresses the derivation of the unconditional probability of compliance
from the collection of probabilities for all scenarios and subjective uncertainties on input
parameter values. The advantages and disadvantages of the alternative criteria for
determining compliance are related to the advantages and disadvantages of each form of
curve reduction. The advantages and disadvantages of each form of curve reduction are
discussed in more detail in Section 8.3.

8.2.7 Unconditional Probability of Compliance with the Containment Requirements

The probability of compliance may be estimated using one of the four curve reduction
methods noted in the preceding section. The uncertainty reflected in the multiple LHS
simulations performed for each scenario and uncertain model parameter results in a ‘
distribution of point estimates for each release magnitude.

Derivation of the unconditional probability of compliance requires use of the scenario
probabilities and simulation of the uncertainty in the scenario probabilities. The use of
subjective methods to resolve scenario probabilities and their uncertainty has only just begun.
Recently, several expert panels were convened and assigned the task of estimating human
intrusion scenario probabilities. The unconditional probability of compliance cannot be
estimated using the computational approach until uncertainty ranges have been assigned to the
scenario probabilities. '

The uncertainty distribution for the scenario probabilities, when available, may be used to
simulate a set of N scenario-weighted estimates of the probability of exceeding the various
compliance release limits. Again, this set of estimates will need to be reduced to a single
point estimate for the probability of compliance, and a measure of the uncertainty interval
will be needed for this estimate. Formally, this would require a second application of the '
four curve reduction methods discussed above. However, it may be sufficient simply to
display the resulting distribution of estimates of the probability of compliance graphically to
determine if the uncertainty interval is sufficiently high (or low).
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8.3 COMPARISON OF ALTERNATIVE CRITERIA FOR COMPLIANCE

8.3.1 Advantages and Disadvantages of Alternative Compliance Criteria Using a Central
Point Measure )

In section 8.2, a set of N point estimates for each scenario with parameter uncertainty was
developed for the probability or percentiles contained in the regulations by determining the
intersection of the N LHS CCDFs with the appropriate set of regulatory requirements. This
set of N independent estimates for the percentiles Ry; and/or probabilities F( L; ) used in the |
regulatory requirements determines the uncertainty distribution for each measure of
compliance. These estimates must then be compared to the appropriate limiting value (L;
and/or Q,, respectively) stated in §191.13(a). Because a distribution of estimates is produced

by this procedure, it is desirable to reduce this set of estimates to a single test statistic for
determining compliance. '

After observing N independent samples from the LHS simulations, the probability of
compliance may be determined by a variety of methods. The simplest method is to estimate
a central point from the distribution of estimates. Alternative methods for determining a
central point are listed in Table 8-1, with a summary discussion of the merits and
disadvantages of each. The methods include the simple arithmetic mean (or "center of
gravity",) the weighted mean, and the median.

Alternative 1 in the list of curve reduction methods presented in the previous section suggests
taking the arithmetic average of the appropriate point estimates to use as the test statistic for
comparing to the limit in requirement i. The use of a weighted mean is not necessary for
conditional analysis' due to the equally likely nature of LHS samples.

" Alternative 2 is a variation of alternative 1 to account for unequally weighted scenarios.
Aliernative 3 uses the median f; ,(.5) as the central point estimate for the test statistic. The
median is a more robust point estimate, but this point estimate will be smaller than the true

expected value (mean) if the distribution is skewed to the right (e.g., large values are
expected to be more common than small values). '
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Table 8-1. Measures of the Central Point

1 Arithmetic Mean = M

The true expected value if
probabilities are equal

Easy to calculate

Fair weight to low probability

but catastrophic failures

Inappropriate for distributions
highly skewed to right

Low robustness; one "outlier”
can dramatically change result

If used as criterion, level of
confidence is unknown

2 | Probability - Weighted
Mean = M,,

The true expected value if
probabilities are not equal

Easy to calculate and explain

Fair weight to low probability
but catastrophic failures

Inappropriate for distributions
highly skewed to right

Low robustness; one "outlier”
can dramatically change resuit

If used as criterion, level of
confidence is unknown

3 | Median = MED = f,

- A true center: there are 50%

above and 50% below the
median

Non-parametric: no distribution
shape is assumed

Known to be very robust; not
affected by "outliers”

Easy to calculate for reasonably
large sample sizes

Lower than expected value for
distributions skewed to right

If used as criterion, level of
confidence is unknown

Discounts low probability

_catastrophic failures,

information is lost

1

Regardless of the decision to use the mean or median as a central point individually, neither
test statistic for determining compliance would reflect the uncertainty indicated by the spread
of the distribution of estimates. If the concept of reasonable expectation is interpreted to
indicate due consideration of uncertainty, then single point test statistics that are measures of
the central point of the distribution of estimates are not adeqﬁate for determining compliance.
If the median is used as the central point, and the median is barely below the required limit,
then there is almost a 50% chance that the regulatory limit would be exceeded. In this case,
evidence from the spread of the distribution dictates that the probability of complianée can be
no larger than 50%. Furthermore, the level of assurance or confidence at which this rather
weak statement of compliance can be made is unknown because the uncertainty in the
estimate of the median has not been considered.
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To reflect the uncertainty in the distribution of eﬁtimates, appropriate measures of the spread
of the distribution are required. Alternative estimators for the spread of the distribution of
estimates are listed in Table 8-2, with a summary of the advantages and disadvantages of
each estimator. Estimates of the spread of the distribution include the population standard
deviation, the mean absolute deviation from the median (MAD), and the interquartile range
(IQR) which is the difference between the 75™ and 25™ percentiles. The population standard
deviation, based on sums of squared deviations from the mean, is less robust than the mean.
Small changes in values far from the median can have a large influence on this estimator.
The mean absolute deviation from the mean is more robust but is only appropriate for

symmetric distributions. The interquartile range is more robust and appropriate for
asymmetric distributions.

Possible numerical measures of compliance which can be used to reflect uncertainty in -
reduced data sets are summarized in Table 8-3. One test statistic for determining compliance
is based on the mean and its standard error of estimation. The test statistic is defined as the
upper end of the 95% confidence interval for the estimated mean. Use of the upper
confidence bound for the sample mean is one of the statistical compliance criteria suggested
by EPA for evaluating the attainment of soil clean-up standards (EPA89). The Nuclear

* Regulatory Commission (NRC) has adopted EPA clean-up criterion in the guidance for
determining compliance with the requireinents- for license termination (NRC92). In these
regulatory applications, actual measurements of residual contamination after site clean-up are
used for computing the sample mean and standard error of the sample mean.

Note that the "confidence interval" found by this procedure provides an uncertainty range for
the estimate of the mean, not for the spread of the population values. The mean plus a
multiple of the standard error of the mean can be used to form this uncertainty interval. The
advantages and disadvantages of this test statistic are shown in the first row of Table 8-3.
Determination of the appropriate value of the multiplier "k" to yield the desired confidence
level is based on the assumption of a Student-t distribution. This assumption may be
inappropriate for asymmetric distributions.

8-22



Table 8-2. Measures of Spread or Dispersion

Population Standard
Deviation = Sigma

Maximum likelihood estimate
for variance of normal
distribution

Easy to calculate, even for
weighted samples

o Low robustness; one
"outlier" can
dramatically change
result

N Inappropriate for
skew distributions

Mean Absolute Deviation
from Median = MAD

Non-parametric:' no
distribution is assumed

Provides robust estimate of
population Sigma

Provides robust estimate of
Standard Error (SE) of
estimates of means and
percentiles obtained by
simulation method

Known to be very robust;
insensitive to "outliers”

Easy to calculate for
reasonably large sample sizes

. Link to sample
variance depends on
distribution

. Inappropriate for
skew distributions

Interquartile 'Range =
IQR = f35 - f55

Non-parametric: no’
distribution is assumed

Provides robust estimate of
population Sigma

Provides robust estimate of
Standard Error (SE) of
estimates of means and
percentiles obtained by
simulation method

Known to be very robust;
insensitive to "outliers”

Easy to calculate for
reasonably large sample sizes

‘. Link to sample

variance depends on
distribution

8-23




Classical Confidence
Limit on Weighted Mean

UCL = M,, + keSE(M,,)

Classical upper bound for
the expected value

Standard Error (SE) reflects
uncertainty in estimate of
mean

k can be adjusted for desired
level of confidence

Easy to calculate, even for
weighted samples

May be inappropriate for
skewed distributions

Low robustness; one
"outlier” can change result
dramatically

Uncertainty in the estimate of
SE is not addressed

Level of confidence is based
on the t-distribution
assumption

p" Percentile = f,

(Includes Median = f )

Percentile p reflects
dispersion due to uncertainty
in parameters and
probabilities

Non-parametric: no
distribution is assumed

p can be adjusted to desired
probability point

Easy to calculate, even for
weighted samples

Extreme upper percentiles
require large sample sizes

Uncertainty in the estimate of
f, is not addressed

Classical Confidence
Limit on Upper Percentile

UCL, = f, +

keSigma(f,)

Classical upper bound for an
upper percentile of the
population distribution

Percentile p reflects
dispersion due to uncertainty
in parameters and
probabilities

p can be adjusted to desired

probability point

Standard Error (SE) reflects
uncertainty in estimate of
percentile

k can be adjusted for desired
level of confidence

e —

Extreme upper percentiles
require large sample sizes

Uncertainty in SE( f; )
estimate is not addressed

Level of confidence is based
on the t-distribution

assumption

8-24



Table 8-3. Numerical Measures of Compliance (Continued)

Classical Tolerance Limit
on Upper Percentile

t = M,, + k,*Sigma

Tolerance limit addresses
uncertainty in estimation of
UCL

To account for uncertainty in
SE, k is adjusted higher

k, can be found for desired
level of assurance for
percentile p

Relatively easy to calculate,
even for weighted samples

Inappropriate for skewed -
distributions

Low robustness; one
"outlier” can dramatically
change result

Level of confidence is based
on the t-distribution
assumption

Non-parametric Tolerance
Limit on Upper Percentile

frax = f[l:N] =

Maximum of N samples

Non-parametric: no
distribution is assumed

Use of order statistics
reflects uncertainty in
parameters and probabilities

Level of assurance requires
no distribution assumption

Maximum out of N provides
a non-parametric upper
tolerance limit for upper
percentiles

Easy to calculate

Low robustness; one
"outlier” can dramatically
change result

Moderately large sample size
for acceptable tolerance
levels

Difficult to define tolerance
limit if samples have unequal
weights

Non-parametric Tolerance
Limit on Upper Percentile

fiiny = j® highest
of N samples

Non-parametric_:i no
distribution is assumed

Use of order statistics
reflects uncertainty in
parameters and probabilities

Level of assurance requires
no distribution assumption

j® highest out of N provides
a robust non-parametric
upper tolerance limit for
upper percentiles

Higher robustness against
"outliers” as j increases to
median

Easy to calculate

Larger sample size for
acceptable tolerance values as
j increases

Difficult to define tolerance
limit if samples have unequal
weights )
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A similar central point test statistic can be constructed for the median, i.e., the estimated
median plus a multiple of the standard error of the median. Given that k is selected for 95%
confidence, if the upper bound of the confidence interval on the median is less than the limit
in the requirement, there will be 95% confidence that the conditional probability of
compliance is at least 50%. This is a weak statement concerning compliance, but the
probability of compliance can be improved by increasing the percentile from the median at
0.50 to a higher level. Thus, the median is a special case of the family of percentile
estimators and their associated test statistics, which are the subject of rows 2 through 6 of
Table 8-3. This family of test statistics is discussed in the following section.

8.3.2 Advantages and Disadvantages of Alternative Compliance Criteria Using Percentiles

A simple way to determine if the higher values of the distribution of intersection point values
exceeds the regulatory requirements is to count the number of conditional LHS values which
are higher than the limiting value. The ratio of this number to N is an estimate of the
proportion of LHS runs that are not in compliance. Hence, the probability of compliance is
1 minus this ratio. For example, if there are 100 LHS samples and 10 values exceed the
limit, then an approximate estimate of the proportion of samples exceeding the limit is 10
percent. This indicates that the probability of compliance is near 90 percent (if 100 points
are adequate to describe the uncertainty distribution in the mean CCDFs.) )

A more formal way to do this comparison is to specify that the p* percentile of the
distribution of intersection point values is below the regulatory limit. This value, denoted by
f, in row 2 of Table 8-3 was discussed under alternative 3 of Section 8.2. The following
statement may be made concerning this percentile: If f; is less than the limit in the
requirement, then the probability of compliance will be at least as large as p. The level of
confidence for making this statement is unknown, since the sampling error for the estimated
percentile has not been addressed. Additional advantages and disadvantages of the percentile ,
estimator are presented in row 2 of Table 8-3. 1

The test statistics in rows 3 through 6 of Table 8-3 are designed to provide a known level of
confidence that the estimated percentile is less than the limit in the requirement. In row 3 of
Table 8-3, the classic 95% confidence interval for the p™ percentile is formed by adding a
multiple of the standard error to the percentile estimate. As for the confidence interval on
the mean in row 1, the multiplier k can be adjusted to provide a 95% confidence interval.
The level of confidence thus obtained is based on the assumption of a t-distribution.
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The classic tolerance interval test statistic shown in row 4 of Table 8-3 is related
conceptually to the confidence interval on the upper percentile discussed in row 3. Although
this test statistic utilizes the estimated mean and standard deviatiorr of the population of
intersection points, it is applied as an upper tolerance limit for percentiles of the distribution.
Due to the asymmetry of the distributions encountered here, the tabulated values for k,
provide only a rough approximation of the true level of tolerance for the test.

The order statistics of the sample of intersection points may be used to provide non-
parametric upper tolerance bounds for the percentiles of a distribution (GLI78). The use of
the maximum as a test statistic is discussed in row 5 of Table 8-3. For example, it may be
demonstrated that the maximum value in a sample of 90 independent values from the same -
distribution has at least a 99% chance of being larger than the 95™ percentile of the
distribution. Thus, the maximum in a random sample of at least 90 observations is said to
provide a 99% upper tolerance limit for the 95" percentile. A simple proof proceeds as
follows.

By definition, the probability of exceeding the 95* percentile is 5%. If observations are
made independently, each has a 5% chance of exceeding the 95® percentile. As more and

. more observations are collected, the chance that at least one of them will exceed the 95®
percentile increases with the number of observations. For a sufficiently large sample, there
will be a high probability that the maximum in the sample exceeds the 95% percentile. For
example, this probability is calculated for N=90 observations by the formula

1-.95N=1-.95% =0.9901.

Thus there is over a 99% chance that the maximum of 90 independent observations will
exceed the 95* percentile, regardless of the distribution. If the maximum of the sample is
lower than the requirement of §191.13(a), then there is at least a 99% chance that the 95®
percentile of the distribution lies below the regulatory requirement. In statistical terms, the
maximum value in a random sample of size 90 provideé a robust 99% upper tolerance bound
- for the 95" percentile of the distribution.

By a similar argument, the second highest value in a random sample of at least 76
observations has at least a 90% chance of exceeding the 95™ percentile. And, the third
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highest in a sainple of at least 75 has a 75% probability of exceeding the 95 percentile of

the distribution. These test statistics based on the higher order statistics are discussed in row
6 of Table 8-3. '

The advantage of using the order statistics of the estimates obtained from the intersection
points of the LHS CCDFs with the regulatory requirements is that no assumptions are
required concerning the specific form for the distribution. The distribution need not be
symmetric. Appropriate tolerance bounds for any percentile may be found using the order
statistics of the intersection points. Non-parametric tolerance limits for the upper percentiles
of the distribution do not require specification of the adjustable multiplier k; hence, no
reliance on tables based on the t-distribution assumption are necessary. For this test, the
sample size itself is the adjustable parameter.

8.4 OTHER REGULATORY CONSIDERATIONS

This section examines both national and international regulatory requirements for parallels to
the concept of "reasonable expectation.”

8.4.1 Environmental Protection Agency

8.4.1.1 40 CFR Part 268, Land Disposal Restrictions:

The Land Disposal Restrictions identify hazardous waste that is restricted from land disposal
and define those limited circumstances under which an otherwise prohibited waste may
continue to be land disposed. §268.6 sets out requirements for exemption petitions which if
granted allow land disposal of a prohibited waste. These petitions are generally referred to
as "no migration petitions. "

The regulations require that the demonstration include the following components:

(1)  An identification of the specific waste.and the specific unit for which the '
demonstration will be made;

2 A waste analysis to describe chemical and physical characteristics of the subjegt
waste;
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3) A comprehensive characterization of the disposal unit site including an analysis of
background air, soil, and water quality;

4 A monitoring plan to detect migration at the earliest practicable time; and

(5)°  Sufficient information to assure the (EPA) Administrator that the owner or operator of
a land disposal unit receiving restricted waste(s) will comply with other applicable
Federal, State, and local laws.

Treatment of uncertainty is addressed in Section 268.6(b)(5), which states:

“An analysis must be performed to identify and quantify any aspects of the
demonstration that contribute significantly to uncertainty. This analysis must include
an evaluation of the consequences of predictable future events, including, but not

" limited to, earthquakes, floods, severe storm events, droughts, or other natural
phenomena. " :

The EPA guidance manual offers further instruction on dealing with uncertainty (EPA92).
The manual states that a petitioner must identify and evaluate the impacts of predictable
‘future events that could contribute to or result in inadequate waste isolation, such as
earthquakes and resulting ground motion, floods and droughts, severe storm events, climatic
fluctuations, geologic activity, and likely human-induced prdcesées and events which may
affect the isolation capability of the unit, such as disturbance of the hydrologic regime and
future land uses.

The manual notes that the level of detail required in individual petitions will depend on site-
specific factors. Neither the manual nor the regulations provide limits or assumed values for
any specific parameters such as future populations, land use, or climatic changes.

8.4.1.2 40 CFR Part 148, Hazardous Waste Injection Restrictions (Underground
Injection Control) :

40 CFR part 148 codifies EPA’s regulatory framework for implementing the 40 CFR part
268 land disposal restrictions for hazardous waste that is dispose'd in Class I injection wells.
Subpart C, Petition Standards and Procedures, sets out the requirements for seeking a "no
migration" petition under these regulations. §148.20 requires that the petitioner demonstrate,
with a reasonable degree of certainty, that hazardous constituents will not migrate as long as
the waste remains hazardous, by demonstrating either (1) that the injected fluids will not
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migrate within 10,000 years, or (2) that before the injected fluids migrate, they will no

longer be hazardous because of attenuation, transformation, or immobilization within the
injection zone.

§148.21 lists the mformatlon that must be submitted in support of a "no migration" petition.
It states:

An analysis shall be performed to identify and assess aspects of the demonstration that
contribute significantly to uncertainty. The petitioner shall conduct a sensitivity
analysis to determine the effect that significant uncertainty may contribute to the

demonstration. The demonstration shall then be based on conservative assumptions
identified in the ana1y51s

8.4.2 Nuclear Regulatory Commission

U.S. Nuclear Regulatory Commission regulations for the disposal of high-level waste in
geologic repositories (10 CFR part 60) also address long-term uncertainty issues. These
regulations require a finding that issuance of a license for such a geologic disposal system
will not constitute an unreasonable risk to the health and safety of the public. Subpart E of
the regulation provides performance objectives, site criteria, and design criteria.

The general standard in 10 CFR part 60 for judging whether the performance objectives and

Criteria are met is "reasonable assurance.” §60.101 (a)(2) of Subpart E characterizes this
general standard as follows:

While these performance objectives and criteria are generally stated in unqualified
terms, it is not expected that complete assurance that they will be met can be

' presented. A reasonable assurance, on the basis of the record before the
Commission, that the objectives and criteria will be met is the general standard that is
required. For 60.112, and other portions of this subpart that impose objectives and
criteria for disposal system performance over long times into the future, there will
inevitably be greater uncertainties. Proof of the future performance of engineered
barrier systems and the geologic setting over time periods of many hundreds or many
thousands of years is not to be had in the ordinary sense of the word. For such long-
term objectives and criteria, what is required is reasonable assurance, making
allowance for the time period, hazards, and uncertainties involved, that the outcome
will be in conformance with those objectives and criteria. Demonstration of
compliance with such objectives and criteria will involve the use of data from
accelerated tests and predictive models that are supported by such measures as field
and laboratory tests, monitoring data, and natural analog studies.
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§60.112 requires that the disposal system be designed to assure that releases of radioactivity
to the accessible environment conform to generally applicable EPA standards.

In 10 CFR part 60, the general standard for judging whether the performance objectives and
criteria are met is "reasonable assurance,” while 40 CFR part 191 uses the term "reasonable
expectation.” In its comments toc EPA on the Advance Notice of Proposed Rulemaking
(ANPR) on compliance criteria for 40 CFR part 191, NRC urged the Agency to reexamine a
position taken in 1985 in SO FR 38071 that "reasonable expectation" was different from
"reasonable assurance" (NRC93a).! It was NRC’s view that the terms were similar, and the
Commission suggested that EPA explain any differences in the rulemaking process.

In its comments on the ANPR, the NRC also noted the difficulty in attempting to apply
numerical standards (such as a specified confidence level) where data are insufficient to draw
rigorous statistical conclusions. The NRC went on to say, "Because a specific statistical test
cannot be applied, a more general qualitative ‘level of confidence’ should be the required
measure of compliance. DOE should be required to demonstrate (by a preponderance of the
evidence) the required level of level of confidence -- e.g., ‘reasonable assurance’ -- in future
performance of the disposal facility.”

In the development of a manual for determining compliance with license termination
requirements, NRC has suggested methods for comparing soil and surface measurements of
residual contamination to mandated clean-up standards (NRC92). One suggested method is a
comparison of the upper bound on the 95% confidence interval to the regulatory standard.
NRC notes that the comparison may have three possible outcomes:

(1)  If the sample mean exceeds the standard for clean-up, then the site is not in
compliance and further cleaning is required. -

(2)  If the sample mean is lower than the clean-up standard, but the upper limit of
the 95% confidence interval for the mean is not below the standard, NRC
offers two choices: the site operator may make more measurements to reduce
the width of the confidence interval; or the operator may decide to re-clean the
site.

! A similar standard -- "reasonable degree of certainty” -- exists in the RCRA regulations. DOE recently
requested that EPA consider documenting in the 40 CFR part 194 rulemaking that the terms were equivalent for
demonstrating regulatory compliance for geologic repositories. This standard requires the Agency to consider
only future events that could reasonably be predicted; proof beyond a reasonable doubt is not required.
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3) If the upper limit of the 95% confidence interval for the mean is below the
standard, then the site is considered to be in compliance at the 95% confidence
level.

8.4.3 Department of Energy

DOE also commented on the 40 CFR part 191 Compliance Criteria ANPR (DOE93). While
the Department advocated retaining the concept of "reasonable expectation,” it took the
position "that additional attempts to specify a numerical or statistical test of compliance
would not be productive.” Rather, DOE argued that the degree of confidence should not be
predetermined; instead, it should be béséd on all considerations reflected in the record. DOE
position was similar to that taken by the NRC. Because, in DOE’s view, there are no
statistical tests appropriate to the kinds of information contained in the performance
assessment, EPA should choose a "more general level of confidence” based on a substantial

understanding of the disposal system and the surrounding environment and on peer review of
the WIPP performance assessments.

8.4.4 Non-U.S. Disposal Systems

Substantial work on performance assessment and treatment of unécrtainty has been
undertaken in several countries. These are primarily "total systems" studies, addressing
more than just numerical techniques. For example, site selection issues are considered; i.e.,
one way of reducing uncertainty is to consider sites that are ;:asy to characterize as opposed
to sites that look good but are difficult to characterize.

However, finding useful parallels addressing the issue of "reasonable expectation” in
programs involving non-U.S. geologic repositories has not been possible because these
programs are not nearly as close to actual disposal as those in this country. In 1990, Pacific
Northwest Laboratory (PNL) investigators compared programs on repositories for high-level
waste? and spent fuel in eight countries including Belgium, Canada, France, Germany,

Japan, Sweden, Switzerland, and the United Kingdom (PNL90) Conclusions reached by the
PNL team mclude

° The United States has one of the most developed disposal system concepts and
one of the earliest scheduled disposal system startup dates.

2 It should be emphasized that this report focused on high-level wastes, not TRU wastes.
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. The United States has the most prescriptive regulations and performance
requirements for the disposal system and its components.

. Most countries have established only general performance requirements for
repositories.
®*  Some countries do not believe that detailed performance requirements and

regulations are required and do not plan to develop them.

o No disposal system is scheduled for operation for at least 20 years.

. " Only three countries have selected the host rock for their disposal system.

Regulatory status and approach to safety in each country surveyed by PNL are summarized

in Table 8-4.

Table 8-4. Regulatory Status and Approach to Safety in Foreign
Geologic Repositories

Belgium General only Details to be developed | Deterministic & stochastic
L Canada General only Under development Deterministic & stochastic
| France General only Under development Deterministic
Germany General for total system Regulations complete Deterministic, conservative
Japan Not yet established Not yet established Stochastic
Sweden General for total system jRegulationé complete Conservative, deterministic,
: some stochastic
Switzerland Total system objectives iRegulatiorns complete Conservative, deterministic
United Kingdom | General only Deferred for disposal Conservative, deterministic
system & stochastic, time-
dependent simulation
modeling J
— — ———|

Outside the United States, Germany has the most advanced program. A candidate site for a
high-level waste disposal system has been chosen at Gorleben in Lower Saxony. The
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disposal system will be situated in a salt dome at a depth of about 800 m. Safety must be
demonstrated for 10,000 years, and the maximum allowable dose to the most exposed
member of the general public is limited to 30 mrem/y for unavoidable occurrences before
and after closure. The assessments to demonstrate compliance are deterministic and are
characterized by PNL as conservative and bounding. Conservative is taken to mean that
errors would be on the side of protectiveness of people and the environment.

8.4.4.1 Organization for Economic Co—operatlon and Development (OECD) Nuclear
Energy Agency

Several studies have been conducted in the last few years at the international level on
assessing the performance of high-level radioactive waste repositories and treating uncertainty
in performance assessment. For example, the status of performance assessment methodology
development was reviewed at a Symposium on Safety Assessment of Radioactive Waste
Repositories, convened by the OECD Nuclear Energy Agency (NEA) in Paris in October
1989. NEA also beld a 1987 symposium on "Uncertainty Analysis for Performance
Assessment of Radioactive Waste Disposal Systems" (Seattle, February 1987), and published
a methodology for scenario development ("Systematic Approaches to Scenario
Development") in 1992. The various NEA working groups continue to focus much attention
on uncertainty of long-term modeling of d1sposal system behavior.

8.4.4.2 Canada

The Atomic Energy Control Board (AECB) issued a regulatory policy statement concerning
long-term aspects of radioactive waste disposal in 1987, which provides, inter alia, that
individual risk from a waste disposal facility must not exceed 10 fatal cancers and serious
genétic effects per year (AEC87). The policy statement includes guidance on how to account
for the probabilities of various exposure scenarios when applying the basic regulatory
requirements, stating that such probabilities "should be assigned numerical values either on
the basis of relative frequency of occurrence or through best estimates and engineering
judgements.” Specifically, it indicates that low-probability exposure scenarios should be
assigned values through best estimates and engineering judgments, and that:

the assignment should be made using quantitative analytical techniques to assess as
broad a base of expert opinion as reasonably possible. The use of subjective
probability is appropriate as long as the quantitative values assigned through best
estimates and engineering judgements are consistent with the quantitative values of the
actual relative frequencies in situations where more information is available. The
uncertainty of the probability assigned should also be estimated.
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Furthermore, the AECB policy statement indicates that calculations of individual risks should
be made by either of the following methods:

d using deterministic pathway analysis to calculate annual individual dose, and
applying a risk conversion factor of 2 x 10?2 per sievert; or

i using probabilistic analysis to determine a distribution of annual individual
doses, calculating the arithmetic mean value of these doses, and applying a
‘risk conversion factor of 2 x 10 per sievert.

In the case of deterministic analysis, the AECB urges that analysts not be excessively
conservative, but instead make a balanced choice of assumptions to ensure that the
-assessment describes reasonable situations covering the spectrum of exposure pathways and
assesses their impacts rationally. In either the deterministic or probabilistic approach, the
AECB indicates that sensitivity analyses should be conducted to investigate the effect of
changes in input assumptions and model parameters on the magnitude of the single dose
estimate (deterministic) or mean value of dose (probabilistic).

Since the arithmetic mean of a dose distribution could potentially hide the significance of
values at the high end of the distribution, the AECB states that "it is judged acceptable to .
allow 5% of the estimated doses to exceed a dose of 1 mSv (100 mrem) per year to take
account of normal statistical variations which are inherent in the probabilistic assessment
process," and that the general risk requirement of 10 fatal cancers per year (which
corresponds to a dose of 0.05 mSv/year (5 mrem/year)) takes account of this since a 5%
chance of a dose of 1 mSv (100 mrem) corresponds to an average dose of 0.05 mSv (5
mrem).

8.4.4.3 France

In June 1991, France’s Directorate for the Safety of Nuclear Installations (DSIN) issued
Fundamental Safety Rule No. II1.2.f on high-levél and alpha waste disposal (FRE91). |
According to a summary presented by Raimbault et al. (RAI92), the rule provides that
demonstration of safety be based on "deterministic evaluations of the radiological impact for
two types of envisaged situations:

d a reference situation which corresponds to the occurrence of very probable or
certain events.

i hypothetical situations corresponding to occurrence of low probability events
that may lead to preferential transfers."
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Under the reference situation, individual doses should be < 0.25 mSv/year (25 mrem/year)
for long exposures associated with very probable or certain events.

The DSIN rule details procedures for conducting performance assessment. The rule requires
validation of numerical models; sensitivity analysis with respect to scenarios, models,
phenomena, and parameters; and resuits expressed in terms of radiation exposures, with
associated uncertainty bounds.

Based on the DSIN guidance, the Agence National pour la Gestion des Dechets Radioatifs
(ANDRA) has developed an iterative procedure consisting of the following principal steps in
the safety evaluation:

. identify all applicable radiological criteria

. select scenarios to be considered, with detailed radiological impact analysis
and associated sensitivity and uncertainty analysis

o develop a first generation of global safety models corresponding to the selected
scenarios '
e develop s;iéciﬁc detailed models to consider, e.g., glass corrosion
* - test and utilize sensitivity and uncertainty arialysis techniques
o develop infdrmation on consequence uncertainties and ideﬁtify the most

important scenarios, phenomena, geosphere data, or concept parameters

. draw conclusions on concept constraints, and define the most important site
data acquisition work.

Input from architectural engineers and site investigators will be provided to the safety
~assessment team, and vice versa. According to Raimbault et al, at the end of ANDRA’s
planned underground laboratory phase, this procedure should facilitate "a complete and
validated compliance assessment of the disposal system with maximum confidence" and "an

optimized and justified design and program of operation for the underground facility"
(RAI92).
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8.4.4.4 Sweden.

The Swedish Nuclear Power Inspectorate (SKI) has indicated that it has not established a
specific policy on how uncertainty should be treated but instead has analyzed the question on
a case-by-case basis (AND93). However, SKI indicated that it will need to reach more -
definite conclusions about how to treat uncertainty at the time of licensing. SKI considers
over-reliance on probabilistic assessments to be inappropriate. The Swedish agency wants all
countries to agree on performance assessment and uncertainty analysis methodologies. SKI’s
principal focus in reducing uncertainty is to gain as great an understanding as possible of the

physics and chemistry involved in the disposal system and to conduct research in key areas
of remaining uncertainty. '

The Swedish Nuclear Fuel and Waste Management Co. (SKB) addressed some of these
issues, including ambitious probabilistic assessments of ground-water flow in a 1991 report.
The report (SKB91) used stochastic modeling for hydrology, bringing in uncertainties in
conductivities and other parameters and treating them statistically. However, other types of
uncertainties are not treated statisticaily, but rather by variation analysis and special runs of
the statistical model, e.g. with respect to fracture zones. SKB does not want to choose a
perforfnance assessment method now but recognizes that when the time comes for evaluating
an actual site, the company will have to choose an approach and defend its selection
(PAPS3). ' '

8.4.4.5 Switzerland

The Swiss, along with the Swedes and Finns, are skeptical of fully probabilistic treatment of
uncertainty. Although they do use probabilistic codes, which accept distributions of values
for various parameters, they do not assign probabilities to different values and instead
randomly select numbers assuming a flat distribution. They emphasize that they do not
necessarily try to predict disposal system performance as close to the truth as possible, but
rather to predict that repositories are safe; tools that are known to be wrong but that are
known . to over-predict risks are considered acceptable (McC93).
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A paper presented by Zuidema of Switzerland’s National Cooperative for the Storage of
Radioactive Waste (NAGRA) at a 1991 NEA workshop on criteria for HLW disposal
identified four sources of uncertainty in disposal system safety analysis:

. uncertainty in scenarios;

. uncertainty in conceptual models;
. parameter uncertainty; and

. parameter variability.

Zuidema indicated that performance assessment tools can be used to quantify different types
of uncertainty: for scenario uncertainty, several alternative future evolutions must be
analyzed; for conceptual uncertainties, several alternative conceptualizations must be

considered; and for parameter uncertainty, both probabilistic and deterministic models can be
used.

Zuidema also identifies disposal system siting and design considerations that are important in
reducing uncertainty. Factors to consider are the ease of exploring the geological
environment and predicting the evolution of the geological environment over time; and the

- robustness of the disposal system, including simplicity of physical and chemical propertiés,
availability of large safety margins, and maximum redundancy of barriers.

8.5 CONCLUSIONS

- 8.5.1 Essential Role of Peer Review

The criteria for evaluating compliance of the WIPP disposal site with the requirements of 40
~ CFR part 191 include both a qualitative evaluation of the performance assessment and a
statistical approach based on evaluation of the muitiple CCDFs generated by the performance
assessment model using the random-sampling procedure. Each portion of the determination
of compliance must evaluate the degree of uncertainty in the results of the performance
assessment process. Uncertainties that must be addressed include the selection of a
conceptual model for evaluating the likelihood of releases to the accessible environment over
10,000 years, the selection of specific scenarios for evaluation, and uncertainties in the
assignment of numerical values for the probabilities of each scenario considered and the
physical parameters required by the models.
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Although the uncertainty surrounding the selection of values for the physical parameters in
the models is significant, it is equally likely that the subjective uncertainties surrounding the
selection of conceptual models and scenarios and their probabilities are also a source of
uncertainty in the final estimates of cumulative releases generated by the performance
assessment model. These subjective sources of uncertainty are not addressed as completely
in the random-sampling procedures as are the physical parameters of the model. Hence, a
determination based solely on statistical analysis of the performance assessment model LHS
results would not address all uncertainties. Peer review of the conceptual models is essential
in assessing compliance. However, statistical methods also may be required to evaluate the
uncertainties addressed by the LHS procedures.

8.5.2 Selection of a Statistical Criterion for Compliance

Statistical procedures for evaluating compliance with 40 CFR part 191 are expected to add
few costs to the WIPP performance assessment program. Compared to the existing software,
the additional resources to develop software to perform the calculations required for
evaluating compliance using any of the alternate statistical compliance criteria will be minor.

. The use of the upper 90% or 95% confidence limit for the sample mean as a test criterion
was introduced in Section 8.3.1. Use of the upper bound of the 95% confidence interval for
the sample mean has been suggested (EPA89, NRC92) as an appropriate method for
determining compliance with soil clean-up standards at decommissioned sites. The
hypothesis test for this alternative is defined by the inequality

UCL =M + kSEM) < L

where the symbol UCL denotes the upper limit for the confidence interval for the sample
mean (M), and the symbol SE(M) denotes the standard error of the sample mean, and L is
the appropriate regulatory limit specified in §191.13(a). The multiplier k may be selected
appropriately to provide a 90% or 95% confidence level by reference to standard statistical
tables on the t-distribution. If the upper confidence limit for the mean is less than the value
required limit, a determination of compliance would be made.
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The advantages and disadvantages of the upper confidence limit for the sample mean were
summarized in row 1 of Table 8-3. The advantages of this criterion are repeated here:

. The mean CCDF yields the true expected value.

. Use of the upper bound for the confidence interval is a standard statistical
method.

o Use of the standard error of the mean reflects uncertainty in the estimate of the
mean.

. The multiplier k can be adjusted to obtain the desired level of confidence.

L The mean is easy to calculate, even for large samples.

For distributions on positive variables which are skewed toward higher values, the mean will
often lie above the median of the distribution. Use of the mean in this case is comparable to
using a higher percentile than the median for determining compliance. For highly skewed
distributions, the mean may exceed the 90" percentile of the distribution. This results in a
test which is protective of the environment by increasing the likelihood of a non-compliance
test result. Furthermore, the upper confidence limit for the mean will exceed the mean
itself, thus adding to the conservativeness of the test procedure. For small sample sizes, the
standard error of the mean will be larger, thus making the test even more protective.

The low robustness of the test also results in a more protective test for compliance. If very
high "outliers" occur in the sample values, the estimated value for the mean will be very
sensitive to these high sample values. The estimated value for the standard error of the mean
may also be inflated by outliers. The increases in the estimate of the mean and its standard
error due to outliers tend to make the test more protective. Larger sample sizes would
reduce the impact of uncertainty due to the t-distribution assumption for selecting the
multiplier k. For smaller sample sizes, the value of k indicated by the t-distribution may

provide only an approximation for the proper value of the multiplier to obtain a true 90% or
95% confidence interval for the mean.

It appears that the relatively lower robustness of the probability-weighted mean relative to the
median is a fundamental characteristic of the uncertainties of performance assessment rather
than a flaw of that statistical method. Outliers which lower the robustness of the statistical
test represent valid possibilities for large releases from the disposal system. These outliers
are the mathematical representation of the recurring theme that "Proof of the future
performance of a disposal system is not to be had in the ordinary sense of the word..."
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In 40 CFR part 194, EPA decided that the statistical portion of the determination of
compliance with 40 CFR part 191 will be based on the sample mean. The LHS sample sizes
should be demonstrated operationally (approximately 300 when 50 variables are considered)
to improve (reduce the size of) the confidence interval for the estimated mean. The
underlying principle is to show convergence of the mean.
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9. Consideration of Human Intrusion
9.1 INTRODUCTION

The containment requirements (§191.13) of 40 CFR part 191 specify that waste disposal
systems must be capable of constraining movement of waste to the accessible environment
for 10,000 years. To demonstrate this capability, DOE must show that there is a "reasonable
expectation” of not exceeding specified release limits "from all significant events and
processes that may affect the disposal system." Significant events and processes include
those that are both natural and human-initiated. The final rule, 40 CFR part 194, includes
specific requirements on human intrusion. These criteria are based on the assumption that
inadvertent and intermittent drilling for resources is the most severe scenario to be
considered when addressing human intrusion for performance assessment calculations because
it provides a direct intersection with the waste and a pathway to the surface. Mining of
resources is a very important, though less direct form of a human-initiated process or event.

Under the provisions of the WIPP LWA, no surface or sub-surface mining or oil or gas
production, including slant drilling from outside the boundaries of the sixteen square mile
withdrawn area, is permitted with one exception. Directional (slant) drilling is permitted
from outside the land withdrawal boundary into oil and gas leases in the extreme
southwestern corner of the WIPP site, but only at depths below 6,000 feet. This depth is
well below the repository horizon at 2,150 feet. EPA can make a determination after
consulting with DOE and the Secretary of the Interior that DOE should acquire these leases
to assure compliance with the disposal regulations.

The 40 CFR part 194 rule defines two types of human intrusion which must be considered in
addition to mining:

o deep drilling events that reach or penetrate the level of waste in the disposal
system

. shallow drilling events that do not reach the level of waste in the disposal
system. :

A variety of drilling events can be envisioned as occurring in the vicinity of the WIPP site.
These include exploration and development drilling for oil and gas, exploration drilling for
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potash, drilling of water wells, and exploration drilling for other minerals. For example,
water well drilling around WIPP is currently limited to geologic strata which lie substantially
above the WIPP repository horizon—this would be defined as shallow drilling. Even though
the wells are located in strata above the repository, if those strata became contaminated with
radioactivity from the repository, water extraction could accelerate movement of
radionuclides laterally to the boundary of the accessible environment or could directly

transport contaminated water to the land surface which is also defined as part of the
accessible environment. '

This chapter provides background information related to possible human intrusion by drilling
and by underground mining. The regional geology relevant to understanding human
intrusion issues is described in more detail in the following section. Subsequent sections
discuss specific drilling and mining issues.

9.2 GEOLOGIC SETTING

Understanding the regional geology is an essential step in developing a defensible description
- of human intrusion which might impact the WIPP repository. The WIPP is located in the
northern part of the Delaware Basin, which is a large sedimentary basin in Southeastern New
Mexico and West Texas. This deep oval-shaped structural depression, which is about 135
miles long and 75 miles wide (COO71), was an embayment covered by a deep sea (i.e., 305
to 245 million years before present [Ma]). Sedimentation within the basin resulted in
formation of thick marine strata. Organic activity at the margins of the basin produced
carbonate reefs -- the present day Capitan Reef -- that separated the deep-water sediments
from the shallow-water shelf deposits which developed landward from the reefs (SAN92).

The depositional process, as described by Cooper and Glanzman (COOQ71), is summarized as
follows:

The irregular floor of the sea was characterized by structural basins, platforms
. and broad shelves. Fine sand and limestone accumulated in the basins; reefs
formed on the margins of the shelves and platforms; limestone and sand
accumulated immediately behind the landward side of the reefs; and gypsum,
anhydrite, and other evaporite rocks, and silt and clay accumulated in the
shallow waters of the shelves. Eventually, the reef growth was halted by
increasing the salinity of the sea water and evaporite sediments (Castile,
Salado, and Rustler Formations) were deposited in the Delaware Basin.
Evaporite deposition was interrupted during two intervals of time, during
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which the water was less saline and limestone was deposited. Toward the end
of Permian time, deposition of the evaporite rocks ceased and deposition of
terrestrial red beds (Dewey Lake Redbeds) began. Terrestrial deposition
continued during parts of Triassic time. Additional thin deposits of sediments
accumulated in Quaternary time. A total of 18,500 feet of sedimentary rocks
were deposited in places in the Delaware Basin.

The region surrounding the WIPP may be characterized in terms of the geologic composition
of the sub-surface features, the hydrologic properties and the history of hydrocarbon (i.e. oil
and natural gas) accumulation. The horse-shoe shaped Capitan Reef was formed by the
deposition of 'organic material which differs from the non-organic material which developed
into the evaporite salt formations which lie along the interior. King noted this distinction
when concluding that the Capitan Reef was separate from the Delaware Basin.

The rocks of the Guadalupe Mountain region were deposited near the edge of
a feature of Permian time known as the Delaware Basin, along whose margin
they show complex changes in facies. The rocks laid down outside the basin,
in what is here termed the shelf area, are thus very different from
contemporaneous basin deposits. (KIN42)

The “complex changes in facies” referred to by King result from the geologic dissimilarities
of the carbonate Capitan Reef from its contemporary, the evaporite Bell Canyon formation
which adjoins the Capitan Reef on the interior side. (The WIPP is located within the Salado
Formation, which is a sequence of evaporite rocks deposited in the Late Permian Epoch
(258-245 Ma). A portion of the stratigraphic column that represents this depositional

- sequence is shown in Figure 9-1 (WEI77).) The Guadalupe Mountains or shelf area, noted
by King, in fact contain a portion of the Capitan Reef. Other authors, including Cooper and
Glanzman, quoted earlier, have remarked as well upon this distinction: “This structural
[Delaware] basin is generally considered to be the area surrounded by the Capitan Limestone
[i.e. the Capitan Reef].”

Subsequent to its formation, the hydrologic properties of the Capitan Reef were énhanced by
fracturing and dissolution such that the effective porosity of the Capitan Reef increased.
Partially as a result of this, the Capitan Reef is today a significant aquifer in the region and is
a major source of water for the City of Carlsbad. In contrast, the salt formation which
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contains the WIPP, known as the Salado, has a small primary porosity combined with a lack
of transmissive fractures, and thus groundwater flow through the Salado is not significant.
The interior regions as a whole are noteworthy for the relative scarcity of potable
groundwater. '

Over the geologic history of the Delaware Basin, oil and natural gas have accumulated
underneath the Capitan Reef. Although formed in the interior portions from organic
material, the hydrocarbons preferentially migrated outward until being trapped by the cap-
like profile of the underside of the Capitan Reef. Organic material which generates
hydrocarbons did, in fact, exist in the interior portions and was deposited during the middle
and late Permian era, but as Hills describes (HIL84), the ultimate fate of the hydrocarbons
lay elsewhere: “The hydrocarbons contained in the source beds [in the regions within the
Capitan Reef] migrated primarily to interbedded sandstone reservoirs within the [Delaware]
basin and later to the porous carbonate reservoirs on the margins.” This “trapping
mechanism” possessed by the Capitan Reef does not have a parallel in the interior portions,
such as the Salado and Bell Canyon formations. Hills described this difference: “no large
Upper Permian structural traps were formed in the [Delaware] basin, and most hydrocarbons
migrated to. the surrounding shelves [i.e. the Capitan Reef].”

Various estimates of the area of the Delaware Basin have been cited by different authors. In
most cases, neither the basis for the estimate nor whether the cited area includes or excludes
the Capitan Reef is mentioned. For example, Hills (HIL84) said the area is about 13,000
square miles (33,500 km?) while Richey et al. mention that the area (which presumably
includes the Capitan Reef) is about 12,000 square miles (31,000 km?). This same area is
cited without attribution by Powers et al. (POW78; v. 1, pp. 3-59). An earlier site selection
report had noted that "the area of the Delaware Basin was assumed to be about 30,000 km?
(CLA74). These differences are not surprising since the boundaries of the Basin mostly lie
below the surface and the estimates were intended for descriptive purposes rather than
quantitative analysis.

To obtain better quantitative values for the Basin area, the area on several maps was
measured using standard software designed for operation with geographic information
systems. The areas of the Delaware Basin as depicted in Figure 1 in HIL84, in Figure 3.4-1
of POW78, and Figure 6.3-8 of POW78 were calculated with results as follows:
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. HIL84, Figure 1 — 28,000 km®
. POW?78, Figure 3.4-1 — 30,200 km*
. POW78, Figure 6.3-8 — 25,200 km?

POW78, Figure 6.3-8 indicates more detailed mapping of the basin boundary and the
surrounding Capitan Reef. Various versions of this figure are widely used in the technical
publications prepared by Sandia National Laboratories for the WIPP project. This
representation of the Delaware Basin embracing 25,200 km? is reproduced in Figure 2-2 and
is appropriate for estimating intrusion rates.

9.3 INTRUSION BY DRILLING

9.3.1 Oil and Gas Drilling

Drilling for oil and gas has been conducted in the Delaware Basin since the turn of the
century. Over the past decade, drilling for oil and gas in the vicinity of the WIPP site has
increased significantly (SIL94). Typical oil drilling targets within the Delaware Basin around
the WIPP site include Permian age rocks such as the Cherry Canyon and Brushy Canyon '
Members of the Delaware Mountain Group and the Bone Springs Formation. The tops of
these geologic formations lie about 5,700 feet and 8,300 feet below the land surface
(GUZ91a). These formations were not-generally recognized as exploration and development
targets until the late 1980s because their reservoir production characteristics were not well
understood (NBM95). However, recent improvements in borehole logging procedures have

allowed petroleum geologists to determine which Delaware Mountain Group sediments have
a high potential for fluid hydrocarbons.

Gas drilling targets reside in the Pennsylvanian age Strawn, Atoka, and Morrow formations
at depths of about 12,700 feet, 13,200 feet, and 13,700 feet below the surface, respectively.
All current oil and gas targets are below the WIPP repository horizon and would be defined
as deep drilling under 40 CFR part 194. |

Data on oil and gas drilling are available from a variety of sources. In New Mexico, the
U.S. Bureau of Land Management and State of New Mexico Oil Conservation Division keep
records on wells that have been issued permits. In Texas, this information resides with the
Texas Railroad Commission. Borehole information is also obtainable from commercial data
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bases such as that managed by the Petroleum Information (PI) Corporation in Denver,
Colorado. The earliest Delaware Basin information in the PI data base indicates that five

holes were drilled between 1909 and 1914. Four of these holes were in Texas and one was
in New Mexico.

9.3.1.1 Permitting Practices

In order to conduct oil and gas drilling, a permit must be obtained either from the U.S.
Department of the Interior, Bureau of Land Management (BLM)—if Federal lands are
involved—or the Oil Conservation Division (OCD) of the State of New Mexico Energy,
Minerals, and Natural Resources Department—if state or private lands are involved. Drilling
activity on Federal lands is regulated under 40 CFR part 3160 (Onshore Oil and Gas
Operations; Federal and Indian Oil and Gas Lease: Drilling Operations: Final Rule,
November 18, 1988). The regulation prescribes minimum levels of performance and
enforcement action when rules are violated. Procedural requirements are not included. __
OCD Rules and Regulations are more specific than those of 40 CFR part 3160 and BLM ‘
often follows specific OCD practices. Many detailed procedures—including well casing
practices, well completion, and methods of borehole sealing—requiring BLM or OCD
approval are area specific, not included in regulations, and not always in writing.

OCD Rule 104 specifies the maximum density for oil and gas wells. Wildcat (i.e.,
exploration) gas wells in Eddy and Lea Counties of New Mexico are granted a minimum
spacing of 160 acres for drilling depths of less than 11,000 feet, or 320 acres if drilled to

greater than 11,000 feet. Development (i.e., production) gas wells are also limited to one
per 160 or 320 acre tract. : -

The minimum spacing for wildcat and development oil wells in these two counties is 40
acres. There is also a limit of four development wells per tract when special pool rules
apply. However, more wells are allowed if the tract is pérmitted for active secondary
recovery. In each case, oil and gas wells must also conform to boundary offset distances,
placing each well within a specified area within a tract. In the absence of secondary
recovery operations or special pool rules, the spacing requirements thus allow up to 6.2 oil
wells/km? or up to 1.5 gas wells/km? for each potentially productive formation. BLM
follows OCD well spacing rules although they are not legally required to do so. BLM also
requires an environmental assessment before a permit is granted.
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9.3.1.2 Well Drilling and Casing

After the permit is granted, the drilling contractor will set up equipment at the drill site. For
deep holes drilled around WIPP, about 7-10 days are typically required to prepare the site,
set up the drill rig, construct the mud pits, and set the surface conductor casing to secure
surface sediments before drilling commences.

The drilling of a gas or oil well usually requires a program involving two or more bit sizes
to complete a borehole and one to four bit changes per borehole (BER94) to change worn or
damaged drill bits. A typical gas or oil well starts with a large diameter hole at the surface
into which a conductor pipe is placed. A smaller size drill bit which can pass through the
conductor is used to drill a hole to accommodate the surface casing, through which a stiil
smaller bit passes to drill for the production casing. Should bottom hole conditions warrant,
a liner may be inserted in the lower portion of the production casing. The bottom hole is
usually a minimum of 2 to 3 inches in diameter and telescopes outward to the larger
diameters required to accommodate uphole conditions.

The OCD has specified for the past decade or more that all gas and oil wells on New Mexico
state and private lands (with minor exceptions) be drilled in the 17'2, 124, and 7"%-inch
diameter size sequence. As each step in the drilling sequence is completed, the drill string is
removed from the borehole and the hole is lined with tubular steel casing which is set in
place with cement. The larger diameter surface casing is set from the surface to the top of
the Rustler Formation at a depth of about 500-600 feet. The next drilling sequence is
initiated which involves penetration of the salt section (the Salado and Castile formations).
When the hole reaches the bottom of the Castile at a depth of about 4,000 feet, the drill
string is again removed from the borehole and the intermediate casing is set. After the
intermediate casing is set, drilling is reinitiated and continues until the target horizon, for
example, the Cherry Canyon Formation of Delaware Mountain Group, is reached and the
production casing is then set. This size sequence appears also to be the current common
practice for drilling on Federal lands administered by the BLM.

OCD records indicate that a two casing program was used during the 1970s and earlier, in
which smaller bits and casings were common. A frequent practice in a two-casing run was
to combine the surface and intermediate casing intervals into one extending from the surface
to a depth of 2,000 to 4,000 feet above the production zone before a smaller bit was used.
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A drilling sequence of 10** or 12"-inch bit followed by a 7"®-inch bit was most common for
this practice, though no count has been made as to the number of such wells. Gas wells
have been completed at depths ranging from 10,000 to 16,000 feet deep and oil wells have
been completed at 5,200 to 8,200 feet deep. Drilling and completion of the well typically

take about 100 days. Virtually all gas and oil wells in the area are drilled to depths which
would penetrate the WIPP horizon.

OCD Rule 107 imposes a number of requirements concerning casing, tubing, cementing,
etc., for wells being drilled and completed. Section III8 of 43 CFR part 3160 establishes
similar requirements for Federal lands. However, in all cases the detailed procedures for
specific locations are not in the regulations and are specified by the appropriate District
Offices. OCD states that they inspect 100% of new wells bein.g'drilled, cased, and
completed. BLM inspects wells under its jurisdiction on a random, less than 100%, basis.

If the WIPP site were to be penetrated by inadvertent human intrusion, such an event would
occur during drilling through the salt section before the intermediate casing is set. Once the
intermediate casing is set in place and the annulus between the casing and the borehole wall
is sealed with cement, then the possibility of radionuclide contamination reaching the surface
will be prevented as long as the casing remains intact. Typically, casing integrity is
demonstrated by pressure testing and ultrasonic logging of the cemented section for bonding
between the casing and the cement and betWecn the cement and the formation. It is
estimated that this critical section of a borehole would remain uncased for no more than three -
days during drilling. While there is no solid data base which describes the frequency of |
occurrence of improperly cased holes or holes with casing failures, such failures have been

reported (KIR94).
9.3.1.3 Detection of the Repository During Drilling

A key question when developing the possible range of human intrusion rates to which the
WIPP repository might be subjected, is whether the drilling contractor is likely to detect the
presence of the WIPP repository during drilling for oil or gas. The drilling operator could
penetrate the WIPP and not realize he had done so. Assuming his drill hole was successful
and the anticipated oil pool or gas reservoir was reached, he might drill additional

development wells to exploit the resource. These additional holes might also penetrate the
waste and be undetected.
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Because of the nature of drilling practices employed in the Delaware Basin, the existence of
the WIPP may not be revealed by a borehole which intersects the repesitory. Drilling is
typically done by independent drilling contractors whose main goal is to "make hole" and
efficiently meet the contract requirements. Drilling through the salt section is typically at a
rate of 50 to 100 feet per hour, so only about 8 to 15 minutes would be required to penetrate
the repository (based on room height prior to creep collapse of the repository). J. W.
Berglund of the New Mexico Engineering Research Institute states, "While in the salt
section, drilling mud (brine) is supplied from a large, plastic lined reserve pit dug in the
ground with a surface area of about 4,000 ft’. Drilling mud is pumped from the reserve pit
down through the drill pipe and drill bit and up the annulus formed 'by the drill string and
drilled hole. The drilling mud and the drill cuttings are returned directly to the reserve pit
where the cuttings settle out. While drilling in the salt section, no formal attempt is made to
monitor the character of the cuttings or the fluid volume of the reserve pit. A gas analyzer
is not attached to the returns until the hole is much deeper than the depth of the WIPP
repository” (BER9S).

Even if gas flows were generated when the drill bit intersected the WIPP, this event would
more liker be interpreted as a release from paturally occurring gas pockets. If the drill bit
.encountered brine from the WIPP, this too might be interpreted as a naturally occurring
phenomenon. Naturally occurring gas and brine pockets are commonly found in the
sedimentary rocks above and below the WIPP horizon in the Delaware Basin. Brine pockets
are encountered during drilling of deep boreholes into the Castile Formation below the
repository, and to a lesser extent into the Salado Formation above the WIPP horizon. For
example, records available at the OCD office in Artesia, NM, reveal that a brine flow
blowout (back pressure in the drill stream sufficient to cause actuation of over-pressure relief
valves to protect piping from damage) occurred for a recently drilled well (API no. 30-015-
27406) (S2, T18S, R30E) at a depth of 898 feet below the surface which is a few feet into
the McNutt potash zone of the Salado Formation. Drilling was temporarily halted for four
hours during which the flow rate was estimated at 40 to 50 barrels per minute (1,680 to
2,100 gpm). The hole was shut in and allowed to pressurize to 350 psi. Drilling of the
12¥4-inch diameter hole resumed to a depth of 1,555 feet. Casing was set and cemented. As
the brine inflow was similar in characteristics to the brine water drilling fluid being used, no
apparent effect was seen except for the break in drilling.
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“Gas kicks (blowouts) also occur in the Salado Formation in which the WIPP is located.
When these are encountered, drillers routinely let the drilling mud blow from the hole—this
appears as a cut brine solution when drilling through the salt section—with no effort to retard
the blowouts by closing blow-out preventers on the drill rigs. These kicks are of short
duration and when completed, drillers restart mud circulation and adjust the drilling mud to

_ the desired weight. Presence of these small pockets of water or nitrogen has been detected

both by mining and drilling (COO71). The largest cavity found through 1971 was about 176

m’® and was not. pressurized—at least when discovered by mining (CLA74). There are at
least seven reported incidents of pressurized gas blowouts in potash mines. Two of these
resulted in fatalities (CHAS84).

Brine inflows from Castile Formation brine reservoirs are well documented for two wells—
ERDA-6 (535, T21S, R32E) and WIPP-12 (S17, T22S, R32E)—in which the initial inflow
was 20 gallons per minute (gpm) and 350 gpm, respectively. The brine reservoirs were
estimated at 26.5 million gallons total for ERDA-6, with 69,000 gallons flowing to the
surface during testing, and 714 million gallons total for WIPP-12, with 3.3 million gallons to
the surface (POP83). Although historic information is vague and incomplete, similar-sized
brine reservoirs were observed in: 1) Mascho-1 (5§20, T22S, R33E) drilled in 1937 which
had a reported initial flow of 230 gpm, 2) Belco (S25, T23S, R30E) drilled in 1974 with an
initial inflow of 350 gpm while flowing for 26 hours, and 3) Shell (S36, T22S, R32E) drilled
in 1964 with an inijtial inflow of 580 gpm. Brief commentary on these wells (POP83)
describes stopping of drilling operations until artesian flow is completed, followed by a
resumption in drilling. Recent interviews with drillers substantiated this practice. Brine
pocket blowouts are like gas kicks, in that they cause no problems beyond drilling breaks.

In one well, Pogo (526, T21S, R31E), a moderate weight drilling mud (15 pounds per gallon
- ppg) was applied after four days of flow. Whether the flow was really stopped by this
weight of mud or whether the reservoir pressure was exhausted is unknown. A similar
weighted mud of 12 ppg did not stop the inflow at another well drilled in 1962.

9.3.1.4 Borehole Plugging and Abandonment
When a borehole is no longer useful it must be plugged and abandoned according to specified
procedures. One mechanism identified for releasing wastes from the WIPP repository is the

escape of waste-generated gas or contaminated brine through an unsealed or improperly
sealed borehole. In some scenarios used to assess the performance of the WIPP, boreholes,
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plugs, or seals are assumed to remain intact for the full regulatory period, and in some cases

the seals are assumed to degrade. Effectiveness of borehole seals is important t0 maintaining
the integrity of the WIPP repository. Borehole permeability was identified in the 1992 WIPP
PA as one of two critically important parameters (SAN92).

The New Mexico OCD Rules and Regulations (OCD93) pertaining to sealing off geologic
strata and notification are covered in Rule 106, which requires protection of oil- and
gas-producing strata from each other and from overlying water strata. Also, "All fresh
waters and waters of present or probable value for domestic, commercial or stock purposes
shall be confined to their respective strata and shall be adequately protected by methods
approved by the Division." OCD Rule 202 (Plugging and Permanent Abandonment) requires
prevention of the contamination of fresh waters. The Rules and Regulations define fresh

~ water as less than 10,000 mg/1 total dissolved solids (TDS). An underground source of
drinking water is defined as an aquifer having less than 10,000 mg/l TDS and containing a
sufficient quantity of water to supply a public water system, unless it has been exempted.
The Federal regulations also require protection of usable water which means generally those
waters containing up to 10,000 ppm of total dissolved solids. |

OCD Rule 101 requires a surety bond, payable to the State of New Mexico, before new
wells can be drilled. The purpose of this bond is to pay for the proper plugging, sealing,
and abandonment of the well if the owner is financially unable to do so in the future. In
Eddy and Lea County, the amount of this bond varies from $5,000 to $10,000 per well,
depending on well depth. Alternatively, a blanket plugging bond of $50,000 can be obtained
to cover all wells drilled by an operator. The BLM also has bonding requirements for new
wells, although the adequacy of this program has been questioned by the Department’s
Inspector General (DOI92). Large numbers of older wells on both Federal and non-Federal
lands do not have adequate plugging bonds, and the State and Federal Government’s financial
obligation to seal and abandon these wells properly may be significant.

OCD Rule 201 requires a well be either properly plugged and abandoned or temporarily
abandoned within 90 days after: (1) a 60-day period following suspension of drilling
operations, (2) a determination that a well is no longer usable for beneficial purpose, or (3) a
period of one year in which a well has been continuously inactive. Despite these
requirements, the current status of a large number of wells under OCD regulations is
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unknown (OCD94). Audits by DOI Office of Inspector General reveal a significant unknown
well status problem also exists on BLM lands (DOIg9, DOI92).

OCD Rule 202 requires written notice on Form C-103 at least 24 hours in advance of
commencing any plugging operations. Verbal approval of the method of plugging and time
to begin is permissible for a newly drilled dry hole. The well operator is required to notify
the OCD after plugging and site clean-up operations for an inspection of the well and
location. However, the operator has up to one year after completion of plugging operations
- to complete the site clean-up. The Federal Abandonment Requirements, contained in 43
CFR part 3160 III G, specify details of cementing, plugging, and capping boreholes, but do
not identify any procedural requirements. Field interviews suggest that 100% of all holes
under OCD aegis are inspected, and less than 100% of holes drilled under BLM aegis are
inspected for compliance with plugging regulations.

OCD Rule 203 describes conditions under which a well may be temporarily (rather than
permanently) abandoned. Temporary abandonment can be for a period of up to 5 years and
the operator can apply for renewal at the end of this period. In seeking renewal, the
operator is required to test the integrity of the casing with a specified procedure and provide
evidence that there will not be migration of water or hydrocarbons between strata.

BLM proposed procedures for reviewing the status of non-producing wells following findings |
in a 1989 Inspector General Audit Report (DOI89) that large numbers of wells had been
inactive for years without meeting BLM’s procedures or requirements for temporary
abandonment. The 1992 follow up audit report did not consider implementation of these
procedures to be adequate. After the 1989 audit, BLM had proposed procedures for
reviewing the status of non-producing wells. These proposed procedures would require that
BLM field offices review the status of non-producing wells listed monthly and determine
whether each well was usable for further oil and gas production. The procedures would also
require that the field offices request the operators to either submit a justification for shut-in
status, obtain temporary abandonment approval, plug and abandon the well, or resume
production. If implemented, the Inspector General felt that its 1989 recommendation would
be satisfied (DO192). However, the Inspector General advised the Secretary of the Interior
on March 20, 1992 that BLM did not agree with the Inspector General’s recommendation to

devote resources and management oversight to improve the Inspection and Enforcement
Program.
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Gas and oil wells are usually plugged in two ways. ' Plugs are either placed inside the
production casing or inside the intermediate casing when the upper portion of the production
casing is removed. In either situation, plugging is performed within a cased hole. As noted
previously, in gas and oil wells in the Delaware Basin, surface casing extends from the
surface to the bottom of the Rustler Formation and is cemented in place, thereby rendering it
permanently fixed. The intermediate casing which is placed inside the surface casing extends
from the surface through the salt section and terminates at the bottom of the Castile
Formation (a depth of approximately 3,600 feet at the WIPP). This intermediate casing is
cemented from bottom to surface and is likewise permanently fixed in place. The production
casing which extends from the surface to the Delaware Mountain Group strata for oil or
deeper to the Morrow or Strawn Formations for gas may either be cemented inside the
intermediate casing from bottom at 6,000 to 8,000 feet deep to the surface, or it may only be
cemented for the lower 3,900 feet, thereby allowing the removal of several thousand feet of
the inner casing string when the well is abandoned. At least one, and sometimes two,
cement-shrouded casing strings separate the WIPP horizon rock from the open hole. - A four-
part casing is unlikely in the vicinity of the WIPP since four casing strings extending from
the surface are required by the OCD only over the Capitan Reef. For deep gas wells
incorporating a liner, the fourth inner string is hung from the lower portion of the production
. casing and does not extend into the intermediate casing.

All downbole tools and fluids are removed from a typical gas and oil well prior to
abandonment. A class "C" type cement plug is placed at intervals throughout the hole
starting at the guidé shoe of the inner casing string (usually the production casing) which has
not been drilled out but was previously cemented in place when the inner casing string was
set. The inner casing is usually set to the bottom or below the producing zone and
perforations are made in the casing for a length of up to 100 feet above the guide shoe.
Plugs are placed at the top of each producing formation followed by intermediate plugs,
plugs at the bottom and top of the salt section, and a surface plug. Each plug is about

35 feet thick and is placed at intervals no greater than 2,000 feet as specified by OCD.
Drilling fluid is placed between each plug.

The position of each plug is carefully monitored because the plug can slip before it sets. |
Cement plugs are more dense than the fluid upon which they rest and can possibly move or
 disintegrate into the fluid before hardening. An OCD field representative certifies the
placement of each plug for holes on state and private lands before the next interval of fluid is
placed.
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Field investigations failed to uncover any long-term monitoring of borehole seal integrity.
Neither the BLM nor OCD conducts follow-up studies after borehole seals have been
installed. The American Petroleum Institute, recognizing that "an unknown but large number
of abandoned wells exist that are unplugged or inadequately plugged by today’s standards,"
conducted an analysis of whether abandoned wells could act as conduits to move saline water
from deep underground to more shallow-lying underground drinking water sources
(WAR90). The studies focused on brine flow from the Lower Tuscaloosa Sand, a mature
oil-producing trend in Mississippi and Louisiana at a depth of about 10,500 feet, to the
Sparta sands and shales, the drinking water source which bottoms at about 3,100 feet. A
nearby injection well in the Lower Tuscaloosa was assumed to provide the driving force for
flow in the abandoned well. Two scenarios were examined, viz.:

. Uncased well scenario — The upper 1,500 feet of the well are cased and
cemented, but the balance of the borehole remains open. In time, overlying
shale sloughs into the hole to form a 154.5 foot column of shale with a
porosity of 3% and a permeability of 0.0001 Darcy. Above this is a 4,620
foot column of settled solids from the drilling mud having a porosity of 84 %
and a permeability of 0.001 Darcy.

° Cased well scenario — The well is cased from top to bottom and the lower
2,000 foot production casing is cemented. The annulus between the balance of
the casing and the borehole is left filled with drilling mud. It is assumed that
a corroded interval develops in the casing at a depth of 6,000 feet.

The two scenarios modeled using the SWIFT III computer code indicated that—over the
range of injection rates considered (20 to 600 barrels per day)—there was no flow into the
underground drinking water source. Thus, for the conditions examined, unplugged or poorly
plugged boreholes were not a problem. One should also note that the permeabilities used in

the API study are about four orders of magnitude lower than used by SNL in the 1992 WIPP
PA (SAN92, Volume 3).

Currently, all dry holes from gas and oil exploration are plugged per federal and state

- standards. Producing wells are not monitored, nor are abandoned formerly-producing wells
certified as plugged. Whereas OCD conducts an active program of institutional control for
all new wells on state and private lands, BLM performs only random and infrequent checks
on new wells located on Federal land. The number of unplugged boreholes drilled prior to
the more stringent institutional controls now employed is unknown, but has been
characterized as "many" by OCD field personnel.
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The 40 CFR part 194 rule assumes that natural processes will degrade or otherwise affect the
permeability of boreholes over the regulatory time frame. The issue of unsealed or
improperly sealed boreholes must also be factored into analysis of the repository integrity.

9.3.1.5 Human Intrusion Scenarios

In addition to the radioactivity release scenarios involving direct transfer of waste to the
surface by a borehole which penetrates the repository, several other scenarios involving
human intrusion can be theorized. For example, SNL developed a family of scenarios
involving boreholes which penetrate the waste and are then plugged above the overlying
transmissive Culebra Member of the Rustler Formation. Solubilized waste then moves up
the borehole by brines found in underlying formations and then, -due to the borehole seal,
laterally through the relatively transmissive Culebra toward the WIPP site boundary
(SANS2). The assumption of borehole sealing depth is consistent with the sealing practices
in the area and the regulatory requirements. The assumption‘ is also reasonably analogous to
the other geologic systems that were analyzed so that DOE should be able to defend the |
above scenario. '

Conceivably some boreholes would miss the wasie, but be drilled sufficiently near the
disposal region to encounter contaminated brine and rock in, for example, Marker Bed 139,
-a brittle, fractured anhydrite layer, which immediately underlies the repository.

"9.3.2 Exploratory Drilling for Potash

 Potash is the generic name for various potassium salts often formed by the evaporation of
natural brines whose potassium content is normally expressed in terms of equivalent K,O.
Additional background information on potash mining is included in Sections 9.4.1.

The potash reserves and resources' at WIPP lie within the McNutt potash zone of the Salado
Formation. The depth of the 11 identified ore zones in the McNutt, based on the ERDA-9
borehole, ranges from about 1,372 feet to 1,741 feet near the WIPP site (POW78) and the
McNutt dips generally to the east (CHE78). As noted above, the WIPP repository is located

! According to GUZ91b, reserves are those resources that are currently economically recoverable with
currently available technology, and resources are mineral deposits that are not currently economical or have not
been discovered.
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in the Salado at a depth of 2,150 feet. The deepest potash resources are thus about 400 feet
above the waste repository. These ore zones vary widely in thickness and mineralization.
The zones are not continuous across the Delaware Basin, and certain ore zones are not
present in some of the boreholes evaluated. Even when mineralization is present in an ore

zone, it may not be sufficient to be of commercial interest. In some cases, mineralization is
absent altogether.

The potash resources of the Designated Potash Area (so designated by the Secretary of the
Interior, see 9.4.1) lie roughly in an alignment extending from northwest to southeast. Early
potash mmmg started along the northern and western fringe of the district and moved in
southerly and easterly directions into the Delaware Basin. Exploratory boreholes have
preceded the underground workings, thereby delineating the reserves for further exp101tat10n

Potash boreholes tend to cluster around these mines with occasional boreholes located far-
afield. '

Exploration drilling is conducted in the area to delineate additional ore reserves. Since this
drilling is generally to depths of less than 2,150 feet (except to the east where the ore zones
dip dOanal"d), this event would be characterized as shallow drilling by 40 CFR part 194.
Drilling for potaSh is significantly different from drilling for oil and gas. In addition to
being more shallow, the holes are also smaller in diameter. Approximately 1,892 potash
coreholes have been drilled in the Delaware Basin (per BLM estimate), mostly within the
designated boundary of the Known Potash Leasing Area. Potash boreholes typically have
been drilled either into an undesignated competent stratum of the upper Salado Formation or
into the Vaca Triste Sandstone member, which forms the upper contact with the McNutt.
The size distribution for all holes examined can be grouped into Rustler Formation drill bit
sizes of 5! inches to 8%* inches in diameter and Salado Formation core bit sizes of 3!
inches to 5%!6 inches in diameter. After a surface casing is set through the Rustler
Formation—sometimes extending into the upper Salado Formation—core bits are used to drill
through eleven ore zones in the McNutt potash zone. The cored section of the hole is not
cased. The bit size distribution is as follows:
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Bit Diameter Distribution

Rock Bit Dia.: 83/4'; 8" 77/8" 611/16" 61/2" 61/4" 55/8" 51/2"
Percentage: 6% 2% 8% 2% 6% 57% 17% 2%

Core Bit Dia.: 53/16" 43/4" 315/16" 37/8" 31/2"
Percentage: 1% 3% 12% 54% 30%

Most of the potash holes are terminated at or near the lower contact of the McNutt. Three
test holes drilled by the U.S. Geological Survey (USGS) were about 2,000 feet deep (JON78)
near the WIPP site. Holes as deep as 2,800 feet have been logged in contiguous townships.

Based on discussions with BLM personnel, potash drilling has occurred over a period of
about 70 years. (This is consistent with the fact that the U.S. Bureau of Mines (SEA94) has
reported saleable potash production from New Mexico since 1933 and records ore grades as
early as 1930.)

BLM has a permitting procedure similar to oil and gas for exploratory potash coreholes on
Federal lands. The State Engineer requires approval for drilling of potash coreholes on non-
Federal lands if the drilling is through artesian aquifers or other water zones that require
protection. This requirement may not affect all locations around the WIPP site since the
Rustler Formation is not considered artesian.

Under a scenario that includes drilling for potash, all potash boreholes would pass through
the Culebra Member of the Rustler Formation. If a borehole contacted a contaminated plume
of Culebra water resulting from a prior human intrusion into the repository, it would bring at .
least as much contaminated fluid to the surface as was in the volume of the Culebra rock
intercepted by the borehole. Furthermore, any radionuclides adsorbed on the solid material
would also be brought to the surface. For a 7.0 m thick Culebra aquifer with 0.16 porosity,
a 6 inch (15 cm) borehole would bring a bulk volume of 0.128 m? to the surface. This
volume would contain 0.021 m® of fluid. Assuming solubilities of 10° M for plutonium and
americium and 10 M for uranium results in a concentration of about 0.9 Ci/m®.

Considerably greater quantities of radionuclides could be present in the solid material brought

to the surface if surface adsorption in the Culebra is considered. The concentration (C,) of
an element (¢.g., Pu, Am, U) in the solids can be shown to be:
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Cy(g/em®) = r(g/cm?)*Kd(cm?/g)*C,p(g/cm’)

where r; is bulk density of the solids (about 2.0 g/cm®) and Kd is the solute distribution
coefficient.

In the 1992 PA (SAN92), SNL sampled on a matrix Kd value for plutonium from zero to
100,000 cm?/g with a median value of 261 cm*/g. Thus, for the median Kd value the
concentration of plutonium in a cubic centimeter of rock is 522 times that in a cubic
centimeter of fluid. Since there is only 0.16 as much fluid volume as rock volume in the
Culebra (i.e., the porosity is = 0.16), there would be 3,262 times the plutonium in the rock
phase as in the liquid phase, resulting in a 59 Ci release to the surface.

If a potash corehole was not properly plugged and were to become a conduit for surface
water inflow, it could become a significant source of recharge to the Culebra. If located
upgradient from the repository, this recharge could increase the gradient which would :
shorten water flow time to the accessible environment. Also, the larger water flow rates 3
could increase the quantity of radionuclides being transported if Culebra solubility is limiting
or it could decrease the amount being adsorbed in the solid matrix if the larger flow -
decreases the radionuclide concentration. If the borehole is located down gradient from the
repository, recharge might be beneficial because it would decrease the gradient between the
repository and the recharge point. However, this inflow of fresher water would increase the

gradient between that point and the accessible environment and could also desorb previously
adsorbed radionuclides.

9.3.3 Water Well Drilling

Only limited water well drilling occurs around the WIPP site, since most of the water in the
area is too high in solids content to be suitable for drinking. Water wells may be used to
support oil and gas drilling, mining operations, or stock watering. An application to drill a
water well within the boundaries of a declared underground water basin, such as the
Carlsbad Underground Water Basin, must be made to the State Engineer. The State
Engineer requires a prospective water well driller to publish his application weekly for three
weeks in a local newspaper before a permit will be granted.
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Based on information obtained from the New Mexico State Engineer’s Roswell District
Office and various groundwater reports (HENS1, NIC61), the following observations can be
made about water well drilling activities around the WIPP:

(1) Water wells are drilled for a variety of purposes. - About 20% of the deeper wells
(i.e., wells in the Santa Rosa sandstone and lower-lying formations) drilled since 1952
were for oil and gas applications such as drilling muds or mining purposes. About
20% were drilled for stock watering. Several percent were listed as domestic and
observation use. Over 40% of these new wells are presently listed as unused and
there is no indication of why they were drilled.

(2) There are essentially no data on well pumping rates. Two Rustler Formation wells in
Nash Draw (in T22S, R30E) had reported pumping rates of 260 and 700 gpm. A
Rustler Formation well in T23S, R30E measured 3 gpm. Two wells in the Triassic
strata (in T23S, R31E and T23S, R32E) had yields of 10 gpm.

(3) No assessment has been made of water quality in these wells.

(4) There are very few data available on how extensively these wells are used. In the
wells listed as not being used it is not known whether these were dry holes, whether
they were ever used, or if they are likely to be used in the future.

(5) Within a given township, new wells are periodically being drilled at the same time
existing wells are classified as unused.

No water well drilling in the Carlsbad Underground Water Basin reached repository depths.
Therefore, water well drilling would be considered shallow drilling. A pumping water well
could, depending on its location, either increase or decrease the gradient in the Culebra
between the repository and the accessible environment. A borehole drilled into a
contaminated plume of Culebra water would bring some contaminated fluid and solid
material containing adsorbed radionuclides to the surface durihg drilling. For an average
borehole diameter of 12.5 inches (32 cm), based on 14 wells near the WIPP site, the area of
the hole is 0.079 m?. For a 7.0 m thick Culebra aquifer with 0.16 porosity this would bring
0.089m® fluid in the 0.553 m® of solids (bulk volume) brought to the surface. For assumed
solubilities of 10 M for plutonium and americium and 10* M for uranium, only 0.080 Ci
would be transferred to the surface in the fluid. Radionuclide quantities adsorbed on the
solids brought to the surface would be somewhat greater if some adsorption of radionuclides
on the dolomitic Culebra rocks occurs.
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The largest potential consequence would come from an on-site well pumping from a
contaminated aquifer. The testing of a well could have significant consequences. For
example, some wells on the WIPP site have been pumped at 3 gallons per minute (0.19 1/s)
or greater for extended periods. Pumping of a well at this rate for 72 hours would bring 49
m’ of water to the surface. This volume would carry about 43 Ci to the surface (accessible
environment) at 1,000 years (for 10° M plutonium and americium and 10* M uranium
solubilities). Greater quantities of radionuclides could be brought to the surface if a well
 were placed in regular production. However, the number of curies brought to the surface
could be much less than suggested by this calculation if the actinide concentrations in the
plume were lower (because of lower solubility limits or because most radionuclides had been

removed by chemical adsorption), or if much of the water being pumped was not from the
contaminated plume.

9.3.4 Other Exploratory Drilling

Limited exploratory drilling for other resources has occurred around the WIPP site and could
occur in the future. For example, drilling for uranium in shallow lying sediments has been
conducted in the past. No evidence of uranjum was found in the gamma logs from 36
boreholes near the WIPP site which penetrated the near surface Dewey Lake Redbeds, the -
Santa Rosa sandstone, or the Gatuna Formation. Although uranium could occur in these

types of sediments, no significant occurrence has been found in the Delaware Basin
(POW78).

Sulfur is found in the Castile Formation in the Central Delaware Basin mainly in Culberson
County, Texas about 50 miles south of the WIPP site (SIE78, POW78). The sulfur appears
to be associated with portions of the Castile which lack halite either due to removal by
dissolution or to absence during dcpositidn. These controls predominate in the southern and
western portion of the Delaware Basin. Since the WIPP site lies east of the edge of the
Castile halite, occurrence of economic sulfur deposits is unlikely there. ‘

Quantities of lithium are found dissolved in the brine reservoirs in the Castile Formation
which underlies the Salado Formation containing the WIPP repository. Average lithium
concentrations of 240, 280 and 360 mg/1, respectively, were reported for the ERDA-6,
WIPP-12, and Union wells (DOE83). The reservoir intersected by the WIPP-12 well lies
within the LWA boundary and has a "répresentative" estimated volume of 2.7 x 10° m’ or
about 17 x 10° bbl (DOES3). Based on the estimated reservoir volume and measured brine
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chemistry, the reservoir would contain about 0.75 x 10° kg of Li. This is equivalent to only
about two or three months of domestic production at current rates (BOM94c). In an area of
about 775 km? around the WIPP site, 12 of 92 boreholes penetrating the Castile Formation
intercepted brine (SAN92, Vol. 3), but only a few of these holes were assayed for lithium.

A variety of other minerals are present around the WIPP site, including salt, caliche, and
gypsum. However, these minerals are generally sub-economic, and no significant drilling is
currently involved in their discovery and exploitation (SIE78). Depending on the depth of
the drilling target, exploration for these other minerals could be classified as either shallow

| drilling or deep drilling as defined in 40 CFR part 194.

9.4 INTRUSION BY MINING
9.4.1 Introduction

- EPA requires that consideration of mining-related scenarios should be included in assessing
the performance of the WIPP repository (§194.32). This réquirement applies to mining of
all minerals, although the major commodity currently extracted in the Delaware Basin by

. underground mining is potash. Economic deposits of this mineral farc confined to the
northern portion of the Basin in Eddy and Lea Counties, New Mexico near the WIPP site.
No other significant underground mining occurs in the Delaware Basin, although some sulfur
is extracted via Frasch process wells (in the Castile Formation) in Culberson County, Texas.

As previously noted, potash is a general term for a variety of potassium bearing minerals for
which the chemical compound K,O is often used as a surrogate to characterize the potassium
content. About 95% of U.S. potash sales are to the fertilizer industry with the balance
primarily to the chemical industry. Historical sources of potash include kelp, wood ashes,
lake brines, alunite, cement dust, sugar beet waste, blast furnace dust, and various ‘
potassium-rich minerals. Today, U.S. potash production is principally from the rock
sylvinite - a mixture of the minerals sylvite (KCl) and halite (NaCl) - and from langbeinite -
a potassium magnesium sulfate (K,SO,#2MgSO,). Potash is typically recovered either by
underground excavation mining or by solution mining where water is injected into a
mineralized zone and saturated brine is extracted and recrystallized in evaporation ponds. In
the Delaware Basin, potash is recovered only by excavation mining.
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Extensive underground potash mining is currently being conducted in the vicinity of the
WIPP site. During 1992, southeastern New Mexico supplied 81% of U.S. production
(DUP94). Mining operations occur in the McNutt potash zone of the Salado Formation. A
generalized stratigraphic column showing these Upper Permian potash-bearing rocks and
younger strata is included as Figure 9-3 (CHE78). Eleven ore zones have been identified
within the McNutt. Primary current mining targets are the 10th ore zone for sylvite and the
4th ore zone for langbeinite. Some mineralization has been identified in ore zones 2, 3, 5,
8,9, and 11 in the WIPP vicinity?(NMB95). These mineralized zones extend within the
WIPP Land Withdrawal Boundary as shown in Figure 94 which plots the boundaries of the
current Bureau of Land Management (BLM) Lease Grade criteria® as estimated by Griswold
(GRI9S). Reserve and resource estimates inside the WIPP boundary are summarized in
Table 9-1 (NMB9S5). When the WIPP site was selected in 1976, most of the site lay outside
the boundary of the Known Potash Leasing Area (KPLA) (i.e., the area which contains lease
grade reserves). However, subsequent site evaluation by DOE (then ERDA) included
drilling and coring 21 exploratory holes for potash (POW78). This drilling program
indicated that potash mineralization was more extensive than expected. As a consequence,
the U.S. Geological Survey used these drill hole data to extend the KPLA. The KPLA now
embraces all of the WIPP site although most of the southwestern quadrant of the site is
barren of mineralization, as is the repository location.

The WIPP site also lies within what is called the Designated Potash Area. This area, which
is defined by Order of Secretary of Interior (51 FR 39425) under the authority of two
‘mineral leasing acts, is slightly larger than the KPLA. It should be noted that the northern
most townships within the Designated Potash Area lie outside the northern boundary of the
Delaware Basin®. According to the Secretarial Order, potash enclaves are delineated within
the Designated Potash Area as regions containing currently economically minable ore

2 The New Mexico Bureau of Mines and Mineral Resources reserve and resource estimates are based on 40
drill holes in and around the WIPP site. Other drill holes exist in the area, but the data are proprietary. These
40 drill holes cover the WIPP Land Withdrawal area and an area extending about 1 mile outside the boundary
except for the southwest quadrant of this perimeter area (GRI9S). ’

® The current BLM leasing criteria for potash reserves specify ore seams containing at least 4 feet of 4%
K,O (a grade-thickness product of 16) for langbeinite and 4 feet of 10% K;O for sylvite (a grade-thickness
product of 40). These criteria have been in effect since 1969. According to BLM, sylvite is being mined
below the 10% K,O minimum cutoff grade and langbeinite is being mined below the 4% minimum (CON95).

¢ About 50% of the KPLA lies outside the Delaware Basin.
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Table 9-1. Potash Reserves and Resources Within WIPP Site Boundary (GRI95)

4th Ore Zone In-place resource (>4% K,0 and actual 47.0 7.12
(Langbeinite) thickness)
BLM Lease Grade reserve (>4% K,O and 4- 40.5 6.99
foot mining height)
Minable reserve (>6.25% K,0 and 6-foot 18.0 7.59
mining height)
10th Ore Zone In-place resource (> 10% K,0 and actual 53.7 14.26
(Sylvite) thickness)
BLM Lease Grade reserve (> 10% K,O and 4- 52.3 13.99
foot mining height)
Minable reserve (>12.25% KO and 4.5 foot 30.6 15.00
mining height)
Other Ore Zones In-place resources® . 18.4 5.74-15.71

a - Generally do not meet lease grade standards. According to GRI95, these resources could only be
minable if advanced thin-seam mining techniques are developed in the future.

reserves. Inside these enclaves, it is Department of Interior policy to deny approval of most
oil and gas drilling permit applications from surface locations with two exceptions (51 FR
39425): '

"a. Drilling of vertical or directional holes shall be allowed from barren areas within the
potash enclaves when the authorized officer determines that such operations will not
adversely affect active mining operations in the vicinity of the proposed drillsite.

b. Drilling of vertical or directional holes shall be permitted from a drilling island
located within a potash enclave when: (1) There are no barren areas within the
enclave or drilling is not permitted within on the established barren area(s) within the
enclave because of interference with mining operations; (2) the objective oil and gas
formation cannot be reached by a well which is vertically or directionally drilled from
a permitted location within the barren area(s); or (3) in the opinion of the authorized
officer, the target formation beneath a remote interior lease cannot be reached by a
well directionally drilled from a surface location outside the potash enclave.”

For perspective,k the Designated Potash Area, as of October 1986, occupied 497,002 acres as
compared to the area of the WIPP site which is 10,240 acres. '

9-27



Drilling on state and private lands is controlled by the New Mexico Qil Conservation |
Division (OCD). Because of problems in implementing then existing OCD regulations, a
revised order (No. R-111-P) was approved by the State Oil Conservation Commission on
April 21, 1988 (OCCS88). Under the terms of R-111-P, the New Mexico "Potash Area" is
coterminous with the KPLA. Within the Potash Area, drilling for oil and gas cannot be
conducted at any location containing life-of-mine potash reserves (LMR) except by mutual
agreement of the lessor and lessee of both the potash and oil and gas nterests. Outside the
LMR, drilling of shallow wells can be no closer than 0.25 miles of the LMR boundary or
110% of the ore depth, whichever is greater. (Shallow wells are defined as those in all
formations above the base of the Delaware Mountain Group or less than 5,000 feet deep,
whichever is less.) Deep wells must be at least 0.5 miles from the LMR boundary. One of
the objectives of R-111-P was to eliminate the need for drilling islands and three-year mining
plans required by the Secretarial Order on Federal lands.

Potash ore reserves in the Carlsbad KPLA were estimated to be about 100 million short tons
(90.7 million metric tons) of recoverable K,O based on 1973 prices (WEI79)°. At current
production rates of about 1.4 million metric tons per year (DUP92), this reserve would be
exhausted in about 65 years (about 15 years after projected completion of the WIPP disposal
phase, but during the period of active institutional controls)®. In the 1993 WIPP Resource
Disincentive Report, DOE commented on the finite nature of the langbeinite supply noting
that langbeinite operations would continue for another 28 years if only current reserves are
considered and the production period would be extended to 46 years if resources were also
included (DOE93). In 1993, the New Mexico Bureau of Mines and Mineral Resources
provided a breakdown of the expected operational life of each mine in the area. As shown in
Table 9-2, life of the Mississippi Chemical operations is projected to be 125 years while the
other five mines should wind down in 33 years or less (BAR93). It should be noted that the
mine life estimates are based on published information. Data on actual mining reserves are
regarded as proprietary information by the potash mining companies and actual mine life may
be longer than projected here. B

5 In a 1978 study, AIM Inc. estimated potash reserves for the Carlsbad District including those within the

WIPP site to contain 109 million tons of recoverable products - a total very similar to the 1973 Bureau of Mines
estimate (SEE78).

¢ In 1973, the U.S. Geological Survey stated that, based on then current production levels, crystalline
deposits and brines in the U.S. would last for at least 100 years (SM173). Nearby Canadian resources are
adequaie for thousands of years.

9-28



Table 9-2. Active Potash Mines in New Mexico Showing Estimated Capacity, Average
Ore Grade, and Mine Life at the Average 1992 Price of $81.14/st product

Eddy Potash Inc.? Eddy 550,000 18 4
Horizon Potash Co. Eddy 450,000 12 6
IMC Fertilizer, Inc. Eddy 1,000,000° 1 33
Maississippi Chemical Eddy 300,000 15 125
New Mexico Potash? Eddy 450,000 14 25
Western Ag-Minerals* Eddy 400,000 8 30

Data from J.P. Searls, U.S. Bureau of Mines, oral communication, 1993.
! May not be operating at full capacity.

2 Owned by Trans-Resource, Inc.

3 Muriate, langbeinite, and sulfate combined.

¢ Owned by Rayrock Resources of Capada.

* Langbeinite only.

Current mining operations can be economically extended to the WIPP site boundary and it is
likely that this will occur (GRI95). Although economic mineralization also lies within the
WIPP site, the WIPP Land Withdrawal Act (LWA) (Public 102-579) precludes mining within
the withdrawn area. However, at some future time, when active institutional controls no
longe'r exist and if passive institutional controls are ineffective, mining of the potash inside
the boundary is a conceptual possibility. The economics would, of course, be different and
exploitation would probably require creation of a new infrastructure to transport ore to the |
surface and beneficiate it since existing facilities would have been abandoned. GRI9S
estimates of minable reserves within the site boundary assume that new mine and plant
facilities would not be needed if the reserves were.exploited now. As noted in Table 9-1,
minable reserve estimates are based on higher grades and greater ore seam thicknesses than
for Lease Grade reserves. '

Potash was first produced from the Delaware Basin in 1931 (BAR93). Measured potash
reserves cover an area of approximately 200 mi’ in the Delaware Basin with the remainder of
the reserves located over the Capitan Reef or outside of the Delaware Basin. Since 1931,
mining of the different potash ore zones has covered an area (in the Delaware Basin south of
T20S) of over 40 mi® as estimated from a 1993 map of the potash resources (BLM93).

Using 9700 mi® as the approximate area of the Delaware Basin, it can be estimated that about
0.4% of the Delaware Basin has been mined over the past 62 years (1993-1931). This
produces a conservative estimate of the rate of mining of 1% of the Delaware Basin area
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over the past 100 years. Any mining of potash or other minerals of current interest
elsewhere in the Delaware Basin would raise this percentage.

The following sections discuss potential impacts of mining on the anticipated long-term
performance of the WIPP repository and elaborate on the position taken by EPA in the 40
CFR part 194 rule (§194.32(a)) that performance assessment shall consider the effects of
mining on the disposal system and these effects can be limited to changes in the hydraulic
conductivity of the disposal system induced by mining.

9.4.2 Mining Scenarios

Consideration of mining effects on PA involves scenarios where mining occurs up to the land
withdrawal boundary and where mining occurs within the withdrawn area up to the limits of
economic mineralization. Mining outside the site boundary could occur at anytime until
available resources are exploited. Mining activities inside the boundary should not occur
until sometime after active institutional controls are no longer practicable. The types of
scenarios will generally be the same regardless of the assumed location of the mining
operations and will, in the main, involve events which alter the rate and volume of
radionuclide movement through groundwater to the boundary of the accessible environment.
It does not appear that mining can seriously impact repository performance unless boreholes,
which intrude the waste panels, are also present. Without the presence of an intruding
borehole, there is no obvious way to connect the waste with the overlying water-bearing
formations which can then provide a lateral transport path.

The most common mining scenario assumes that subsidence of overburden into the excavated
region can alter the hydraulic conductivity of the overlying water-bearing strata (e.g., the
Culebra Dolomite Member of the Rustler Formation), possibly increasing transport velocities
and/or radionuclide mass-fluxes to the accessible environment. SNL summarized the
situation as follows (AXIN94):

"Although the land surface in subsiding areas is lowered and there may be local changes in
drainage patterns, the overall topographic features that have the primary effect on the
water table will remain similar to those of the present. However, subsidence may have
impacts other than lowering of the land surface, including possible fracturing of units that
overlie the potash zone. This fracturing could lead to an increase in conductivity for those
units. The degree of increase and the relative change in conductivity from unit to unit
could have an effect on the long-term groundwater flow behavior for Rustler units.
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Because the Tamarisk and Forty-niner members presently have very low conductivities,
fracturing may cause larger [percentage] increases in conductivity in those units than in the
Culebra and Magenta. The effect on flow would be similar to that described for boreholes
that do not intrude the repository [ref. omitted] for the same fundamental reasons. That
effect would be a change in the direction of the hydraulic gradients in the land withdrawal
area. Currently they direct flow in the Culebra from north to south. If the scenario were
to occur, they would direct flow in the Culebra towards the southwest."

Detrimental mining-related scenarios might include:

e Increased hydraulic conductivity of water-bearing formations above the mining horizons
due to subsidence (Section 9.4.4) :

® Change in flow directions within water-bearing members if a vertical hydraulic
connection is created by subsidence (Section 9.4.5.2)

¢ Formation of subsidence-related surface depressions where water could accumulate and
alter local recharge characteristics (Section 9.4.5.3)

* Increased hydraulic gradient if significant flow from water-bearing strata into the mine
‘workings occurs (Section 9.4.5.4) : '

* Damage to borehole or shaft seals by subsidence effects (Section 9.4.5.1)
* Problems created by solution mining (Section 9.4.5.1)

* Increased hydraulic conductivity of the Salado due to excavation induced stresses
(Section 9.4.5.6)

Depending on the location of the mining operations, some of these same scenarios may
actually be beneficial. Depending on the location, for example, flow of water into
underground mine workings might also reduce the hydraulic gradient in the currently ,
envisioned flow path. Of the potentially detrimental scenarios, the only one expected to be
of concern is hydraulic conductivity increases in certain strata above the mining location.

The detrimental aspects of these scenarios will be discussed in more detail subsequently, but

a review of relevant technical literature will be presented first to establish a framework for
that discussion.
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9.4.3 Literature Review

9.4.3.1 WIPP Related Studies
Final Environmental Impact Statement

In the WIPP Final Environmental Impact Statement (FEIS) published in 1980, DOE
summarized, without comment, prior studies on potash mine subsidence in the area as
reported by the BLM in 1975 (DOES80). At that time, it was estimated that subsidence was
likely to have occurred over an area of 14 square miles and was expected over an additional
40 square-mile area. The nearest subsidence to the WIPP site occurred at a distance of 3.5

miles. Observed maximum surface subsidence varied from 2.7 to 5.3 feet. This is about
two-thirds the height of the mined ore zone.

D’Appolonia Studies

The impact on the WIPP of neighboring potash mines was examined in greater detail by
D’Appolonia in 1982 (DAP82). They observed that, even when subsidence occurs, the
integrity of the overlying salt section is not jeopardized as demonstrated by the absence of
water flow into the potash mines from units higher in the stratigraphic section.

However, D’ Appolonia noted that "the opening of entries for underground potash mlmng
causes a redistribution of stresses within the surrounding rock that can lead to opening of
fissures and/or increase the hydraulic conductivity of the surrounding rock. Mining can also
lead to the more gross effects of surface subsidence and subsidence-induced fracturing above

the mined level.” Both empirical and simple analytical techniques were used to characterize
the extent of such disturbances.

Using a secondary creep law for the salt, they calculated the zone of influence in a horizontal
plane around a hypothetical potash mine (at depth of 2000 ft) and a repository room to be
1,900 and 200 feet, respectively. Thus, if the horizontal separation is 2,100 feet, there
would be no stress-induced interaction between the two mined regions. D’Appolonia
believes this calculation to be conservative because the WIPP also has a vertical separation -
from the McNutt of about 400 feet.
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Estimates were also made of the impact on the hydraulic conductivity of the salt from
reducing the confining stress in the salt. This occurs due to stress relief around an
excavation. Based on an empirical relationship between salt permeability, octahedral shear
stress, and mean confining stress, D’Appolonia calculated the increase in hydraulic
conductivity to be less than one order of magnitude. At a distance into the salt of six times
the width of mine opening the calculated hydraulic conductivity was only about twice the
conductivity of the undisturbed salt.

D’Appolonia suggested that a generalized subsidence equation developed for coal mines in
the Appalachian region could be used for making preliminary estimates of the magnitude of
surface subsidence as follows: '
S = sHbe (1)

where

S = maximum subsidence (ft)

s = subsidence factor (dimensionless)

H = cavit& height (ft)

€ = extraction ratio (dimensionless)

b = fraction of cavity remaining after backfill (dimensionless)

The subsidence factor is the ratio of the actual vertical displacement to cavity height which in
the Carlsbad area is about 0.67. From the equation, assuming no backfill (b=1), a mining
height of 6 feet, and an extraction ratio of 90%’ the maximum subsidence would be about
3.6 feet (1.1 m).

As noted previously, potash is sometimes recovered by solution mining although this
technique is not being used in the vicinity of the WIPP. According to D’Appolonia, solution
mining of langbeinite is not technically feasible because the ore is less soluble than the '
surrounding evaporite minerals. Solution mining of sylvite was unsuccessfully attempted in
the past. Failure of solution mining was attributed to low ore grade, thinness of the ore
beds, and problems with heating and pumping injection water. Unavailability of water in the
area would also impede implementation of this technique. For these reasons, solution mining
is not currently used in the KPLA.

7 According to BAR93, 60 to 75% of the ore is extracted during initial mining, but subsequent removal of
the remaining pillars results in extraction ratios exceeding 90%.
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IT Corporation Backfill Engineering Analysis

In 1994, IT Corporation reported the results of analytical and empirical subsidence studies of
the WIPP repository (ITC94). The thrust of these studies was to evaluate the effects of

various backfill options on repository subsidence. The effects of potash mines in the vicinity
on repository integrity were not addressed, per se. Never-the-less, some generally applicable

subsidence information was developed. IT used four techniques to analyze subsidence caused
by excavation of the repository:

Mass conservation method

Influence function method

National Coal Board method

* Two-dimensional numerical modeling (with the Fast Lagrangian Analysis of Continua
[FLAC] computer code)

As shown in Table 9-3, reasonable agreement was obtained among the four techniques with
maximum subsidence at the surface calculated to vary from 0.55 to 0.95 meters for the
empty waste area.

- Using the FLAC two dimensibnal, finite element code, the maximum vertical tensile strain in
the Culebra Dolomite due to projected WIPP subsidence was calculated to be 0.0034%.

Using the influence function method,a-ITC_ developed contour plots showing the areal extent
of surface subsidence caused by repository excavation. The limit of subsidence area was
about 850 feet beyond the southern edge of the repository footprint. From this analysis, ITC
- concluded that, since the maximum subsidence was about 0.4 m and since local surface
topography varied by more than 3 meters, a subsidence basin would not be created and
repository subsidence should not be visible.

$ The influence function method assumes that each point in an excavation has an identical circular area of

influence on surface subsidence. These influence areas are superimposed to obtain the cumulative effect of all
extraction elements. '
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Table 9-3. Summary of IT Corp. Subsidence Prediction Results for WIPP Repository (ITC94)

Subsidence
Influence Function FLAC Single- FLAC Full-
Underground Area Contents of Mass Conservation Method NCB Method Room Model Panel Model
Excavation (m) (m) (m) (m) (m)
Waste Emplacement Empty 0.86 0.56 0.73 0.95 . 0.55
Area® ,
Waste Only 0.62 0.40 0.53 NA NA
Waste plus loose 0.55 0.36 0.47 0.33 NA
backfill
Waste plus 0.52 0.34 0.44 0.30 NA
compacted backfill :
Shaft Pillar Area Empty 0.28 0.10 0.04 NA 0.13°
Loose backfill 0.12 0.04 0.02 NA NA
Compacted backfill 0.06 0.02 0.01 NA NA
Northern Experimental | Empty 0.24 0.08 0.02 NA NA
Arca .
Loose backfill 0.11 0.04 0.01 NA NA
Compacted backfill - 0.05 0.02 0.01 NA NA

®  Waste emplacement area includes Panels 1 through 8; 2 through 8 are not yet excavated.

b At the Waste Shaft

NCB National Coal Board

FLAC Fast Lagrangian Analysis of Continua

NA Not Available.
m Meters.




Sandia Studies of Subsidence

Sandia has explored the possible impact of WIPP subsidence on performance assessment |
(PA). In a 1989 study to select events and processes which should be considered in forming

possible scenarios, SNL considered three possible processes related to repository-induced
subsidence (HUNS89):

® Increased hydraulic conductivity of the Salado Formation
¢ Fracturing

* Disruption of surface drainage

Based on the fact that repository excavation would produce a maximum of a 0.2% increase
in the volume of the overlying Salado salt, they concluded that increased Salado hydraulic
conductivity would be insignificant. They further concluded that fracturing of the Salado
could also be neglected. This conclusion was based on the expectation that the repository
would adjust to excavation by creep rather than fracturing. This position was supported by
observations in local potash mines where mining was conducted with two levels of
extraction. The observed response of the rock in the upper horizons was flexure rather than
fracture. However, SNL stated that effects on the Culebra were unknown. With regard to
surface drainage, SNL concluded that this would not be a factor because, with a maximum

* expected surface subsidence of 2 feet, there was no integrated drainage which would be
disrupted. v _ : ’

As noted in Section 9.4.2 above, SNL revisited the subsidence issue in 1994 concluding that
subsidence could cause fracturing in the more brittle overlying units which could result in
increased hydraulic éonductivity and possible redirection of flow in the Culebra from a
'generally north to south direction to a more southwesterly direction (AXN94). Surface

subsidence effects were not expected to be of sufficient magnitude to significantly alter the
position of the water table. '

9.4.3.2 Other Relevant Studies

IT Corporation summarized subsidence observations made at potash mines in southeastern
New Mexico (ITC94). Observed angles of draw, measured from vertical edge of the mine
workings to the point where surface subsidence ceased, varied from 25 to 58 degrees. ITC
noted that the maximum observed subsidence over four potash mines in the area varied from
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0.4 t0 1.5 m which was between 16 to 66% of an assumed excavation height of 2.6 m
(8.5 ft)°. ITC felt that the maximum observed subsidence was less than that which wiil
ultimately occur over the excavated area.

A large body of subsidence literature has been developed based on coal mining in the United
States and the United Kingdom. In a number of studies, subsidence-induced increases in
transmissivity are described. Some examples are provided here.

The U.S. Geological Survey described the effects of subsidence associated with longwall
mining of coal in Marshall County, West Virginia (USG88). Three tests were recounted
where the transmissivity of a perched aquifer was measured before and after mining a coal
seam. In each case, the overburden was about 800 feet thick and the tested aquifer was
between 25 and 150 feet below the surface. In two tests, the transmissivity was found to
increase significantly, from 3.7 to 160 ft?/day in one case and from less than 0.001 to

36 ft*/day in the other. In the third test, only a slight increase between pre- and post-mining
transmissivity was observed (from 0.20 to 0.31 ft*/day). This small change was attributed to
the fact that significant subsidence fracturing had not occurred.

" Booth discussed to similar studies related to longwall coal mining in the Illinois Basin
(BOO92). One series of tests was conducted at a site in Jefferson County, Illinois where
coal seams 9 to 10 feet thick were mined at a depth of about 725 feet. The overburden
consisted primarily of low permeability shales, siltstones and limestones. An aquifer in
sandstone exists about 75 feet below the surface which is confined by an overlying shale unit.
Subsidence produced visible surface tension cracks. Subsurface strain measurements and
borehole examination indicated fractures and bedding plane separation. In three
presubsidence tests, the measured values of hydraulic conductivity in the Mt. Carmel
sandstone were 2 x 10%, 2 x 107, and 3 x 10° cm/s. After subsidence, measured values
were 5 x 10°, 3 x 107, and 4 x 10° cm/s. In another paper discussing the same site, it was
reported that post-subsidence values of the hydraulic conductivity in the shale were increased
by two to three orders of magnitude (KEL91).

At a second site in Saline County, IL, investigations involved subsidence related to mining a
five- to six-foot coal seam at a depth of about 400 feet (BO092). The Trivoli sandstone

’ The maximum observation period varied from one week to more than one year.
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aquifer lies above the seam and about 180 feet below the surface. Initial conductivities in the
Trivoli were less than 10 cm/s and these increased to about 5 x 10 cm/s after- mining.
Booth attributed this increased conductivity to the supposition "that subsidence had probably
improved the interconnectedness of permeable fractures."

The U.S. Bureau of Mines described hydrologic changes associated with longwall mining of
coal in Cambria County, Pennsylvania (MAT92). The coal seams studied were at a depth of
740 to 845 feet and were overlain by fine-grained sedimentary rocks and thin coal beds.
Only small changes in hydraulic conductivity of the overburden due to mining were
measured. Increases were a factor of 2 to 4 and in some cases an unexplainable decrease
was noted. The increased conductivity was attributed to excavation-induced creation of new
passages for groundwater flow. '

Elsworth and Liu used non-linear finite element modeling to estimate changes in hydraulic
conductivity associated with longwall mining (ELS95). In their modeling, a 140-foot thick
zone of increased horizontal conductivity caused by vertical strains was defined immediately

above a 5-foot thick coal seam. The estimated'conductivity increase was about an order of
magnitude.

- Bai and Elsworth described modeling studies involving the interrelationship between
subsidence and stress dependent hydraulic conductivity (BAI94). In concept, the rock
mechanics approach was similar to that taken here and described in Section 9.4.4.2 below.
In the Bai and Elsworth studies, finite element analyses over representative stratigraphy were
used to calculate changes in hydraulic conductivity for various fracture spacings.

9.4.4 Impact of Mining on Hydraulic Conductivity

9.4.4.1 Background Information

Based on the available site information, it appears that one of the potential detrimental results
of mining near the repository could be increased hydraulic conductivity' in the brittle

10 The terms hydraulic conductivity and transmissivity are sometimes used interchangeably in the text as
indicators of altered flow path resistance. Transmissivity is the product of the hydraulic conductivity and
aquifer thickness. In the examples presented here, the Culebra thickness is assumed to be constant so the
transmissivity is a constant factor of 7.7 higher than the hydraulic conductivity (in metric units).
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water-bearing strata above the mining horizons. ,. In the analysis discussed here, the focus is
on the Culebra Member of the Rustler Formation which is the most transmissive unit. The
Culebra can potentially provide a lateral conduit to the accessible environment if
contamination from the repository 1440 feet below reaches the transmissive horizon. ,
According to SNL, the Culebra is a "finely crystalline, locally argillaceous (containing clay)
and arenaceous (containing sand), vuggy dolomite ranging in thickness near the WIPP from
about 7 m (23 ft) .... to 14 m (46 ft) ..... " (SAN92). In its 1992 performance assessment
(PA), SNL chose 7.7 meters as the reference thickness. Using information from 41
boreholes, SNL has calculated that the transmissivity of the Culebra varies by about six
orders of magnitude depending on the degree of fracturing which exists. In the 1992 PA
(SAN92), the median fracture spacing was assumed to be 0.4 m and range between 0.062
and 8 m. Thus, the median number of horizontal fractures through the Culebra thickness
would be 19 and the range would lie between 1 and 124.

If subsidence occurs, it may create a network of both vertical and horizontal strains in the
Culebra. Vertical tensile strains can increase the aperture of existing horizontal fractures;
whereas, horizontal tensile strains can increase the aperture of existing vertical fractures.
Compressive strains would have the opposite effect. Increase in fracture aperture increases
hydraulic cdnductivity. This increased hydrauiic_ conductivity can reduce lateral travel time
of radionuclides to the accessible environment -at the vertical subsurface extension of the site
boundary. ‘ ’

.As noted above, the 1992 PA assumed that flow and transport through the Culebra is through
fractures. In light of this 1992 PA assumption, the following discussion focuses on one
potential theory describing groundwater flow through fractures. The subsequent section
discusses how the fracture aperture increases can be estimated.

Darcy’s law relates the movement of water in a porous medium to the hydraulic gradient and
the hydraulic conductivity. The hydraulic conductivity is a measure of the transmissive
capacity of the medium coupled with the density and viscosity of the fluid (water in this
case). The hydraulic gradient is simply the slope of the water table (unconfined aquifers) or
the potentiometric surface for a confined system. The equation for Darcy’s law is

dh

=KZ
7 dl
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where q is the Darcy velocity (m/yr), K is the hydraulic conductivity (m/yr) and dh/dl is the
hydraulic gradient (dimensionless - m/m). Hydraulic conductivity is actually a property of
both the physical media (the aquifer) and the fluid. Darcy’s law may also be written using
intrinsic permeability (k) which is a property of the medium alone, as shown below:

_kpg dh
= ; T
where:
k = intrinsic permeability (m?)
o fluid density (kg/m’)
p = viscosity (Pa-s)
g = gravitational constant (m/s?)

The advective flow rate for a conservative contaminant (i.e., non-sorbing and nonreactive)
migrating through a porous medium is computed by dividing the Darcy velocity (given
above), by the effective porosity. The effective porosity for a porous medium is the ratio of
the connected void space divided by the total volume of the medium.

In a fractured medium, Darcy’s law still applies, however, the hyd;'aulic conductivity of the
fracture (K;) is more difficult to determine. If the fractures are conceptualized as a series of
paralle] plates (with the fractures being the gaps between adjacent plates), mathematical

equations can be derived to determine the equivalent hydraulic conductivity that would be
used in Darcy’s law.

The porosity of the fracture system actually should be viewed as two components, fracture
porosity and matrix porosity. Using the parallel plate analogy, the fracture porosity is the
number of fractures times the fracture aperture (gap thickness) divided by the thickness of
the aquifer. The matrix porosity is the porosity of the blocks of rock between the fractures.
In a fractured system such as granitic rock, the matrix porosity may be effectively zero
because there is no intergranular void space. However, there is some measurable porosity
space within the Culebra matrix (SAN92).

The hydraulic conductivity of a system of horizontal fractures is determined by the fracture
aperture and the spacing between fractures. Given an equivalent hydraulic conductivity of
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the aquifer (i.e., determined through aquifer testing) and fracture spacing, it is possible to
compute the fracture hydraulic conductivity. The calculation is based upon moving the same
flux of groundwater through the fracture system as through a porous medium. The
derivation of this equation is developed below.

The fracture conductivity equation is derived in two steps. First, the hydraulic conductivity
for a single fracture is defined and then this is related to the flow rate through the fracture.
- The hydraulic conductivity of a single fracture is given as:

_blpg '
Kf_T (1)
where:
b = half-fracture aperture (m)
K; = fracture hydraulic conductivity (m/yr)

This equation is presented in a number of papers by Snow (SNO69) and by Gale (GALS82). -
The equation is often rewritten in terms of the full fracture aperture, as follows:
- _wpg | )
T - -
where:
w = full fracture aperture (b> = w?/4) (m)

The second step in computing the apcrﬁue from an eqﬁivalent porous medium K value is to
equate the flow rates through the porous and fractured systems. The flow through a set of N
horizontal fractures of identical aperture is:

Q- wlpg Ndeh (3)
12p di
where:
Q; = flow rate through the fractures (m*/yr)
L = length of fractures perpendicular to flow (m)
N = number of fractures
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The term (NwL) is the area term in a traditional Darcy’s law equation. The equation for

flow through an equivalent porous medium would be
QkpLE @
dl

where:
K. = equivalent porous medium hydraulic conductivity (m/yr)
D = aquifer thickness (m)
L = length perpendicular to flow direction (m)

As mentioned above, equation 4 may also be written in terms of intrinsic iienneablllty &)

and fluid properties, as show below:
(4b)

kpg dh
==Pepr ==
Q . Pl

To compute an equivalent K for the porous medium, the flow rates through the two systems
Setting equation 3 equal to equation 4 yields:

(porous and fractured) must be equal.
K p=YpeN ON

with common terms cancelmg from the equatmns This equation can then be rearranged to
give an equation of fracture aperture in terms of an equlvalent porous medium hydrauhc _

12K D3

conductivity: ) ,
] | ©)
pgN

.

Finally, to get the equation in terms of spacing between fractures (D; = D/N), the equatlon

becomes:
. .
3 €))

12K, uD,
Pg

.
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After computing the fracture aperture for a given porous medium hydraulic conductivity
(equation 7), the fracture hydraulic conductivity is computed from equation 2 above. It can
be seen from equation 2 that the fracture hydraulic conductivity (K;) varies as the square of
the aperture (w) while the equivalent porous medium conductivity (K,) varies as the cube of
the aperture. |

The following example provides an indication of the magnitude of changes which might be
expected in the Culebra hydraulic conductivity resulting from subsidence induced fractures.
For these calculations, it is assumed that the vertical tensile strain produced by subsidence
results in the opening of existing horizontal fractures rather than the creation of new
fractures. The total strain is accommodated by increasing the fracture aperture. Thus, if,
for discussion purposes, there is a single horizontal fracture in the Culebra and subsidence
from potash mining causes 0.03% ‘vertical tensile strain (which is about 10 times the value
calculated in ITC94 for the Culebra from repository subsidence, see Section 9.4.3.1 above),
the total displacement is 2.3 x 10° m (7.7 m x 0.0003). If 10 horizontal fractures were
present, then the increase in each aperture would be 2.3 x 10* m.

‘The effect of subsidence on changes in fracture aperture and hydraulic conductivity of the
Culebra for the case of 10 fractures across the aquifer thickness is calculated using the
following assumptions: '

aquifer thickness (D) = 7.7m
viscosity(u) .= 0.001 Paes
density (o) = 1000 Kg/m?
gravitational constant (g) = 9.79 m/s’
equivalent hydraulic conductivity (K)) = 7.0 m/y = 2.24 x 107 m/s
tensile strain = 0.03% = 0.0003 m/m
total displacement = 7.7m x 0.0003 strain = 2.3 x 10°m
The attendant fracture aperture from equation (6) is:
1 .
K12pD |3 )]
w= |
p8N

equivalent hydraulic conductivity -
fracture aperture

density

gravitational constant

number of fractures

viscosity

aquifer thickness

m

[ T I

OU® Z@ > g R
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_ [2.24x107 x 12 x 0.001 x 7.7 5
1000 x 9.79x10

w=595x10°m

For a total displacement of 2.3 x 10 m, the displacement per fracture is 2.3 x 10* m and
the expanded fracture aperture resulting from the tensile strain (W) is

Wonin = 5.96 X105+ 23x10* = 2.9x10*m

To calculate the strain-altered equivalent hydraulic conductivity, K,

3
K, = %%Y where w = w, = 2.9x10™
IL N
(2.9x10)* x 1000 x 9.79 x 10 Bt

12 x 0.001 x 7.7
K, =26x10° m/s = 8.2x10° mfy

1Y

Values of the equivalent hydraulic conductivity for various assumed values of N within the
range used in the 1992 PA are summarized below based on 0.03 % vertical tensile strain:

N (fractures) Hydraulic .Conductivity (m/y)

1 14.8 x 10*
10 8.2x 1¢0?
100 4.4 x 10!

From this hypothetical example, it can be seem that the change in hydraulic conductivity is
nearly four orders of magnitude for a single fracture and 6nly a factor of six for 100
horizontal fractures through the thickness of the Culebra.

In order to provide a more detailed view of the impact of subsidence on repository
performance, a series of modeling simulations were made. First, the strain distribution in
the Culebra as a function of distance from the face of a potash mine was calculated using a
two-dimensional finite element model (the UTAH2 computer code). Then, this strain
distribution was assumed to be accommodated as increases in the aperture of existing
fractures. Details of these analyses are presented in subsequent sections.
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9.4.4.2 Strain Analysis

A preliminary analysis was conducted to estimate the effects of simulated mining of potash
near the WIPP site on the hydraulic conductivity of the Culebra Member of the Rustler -
Formation. Simulation of longwall mining of potash was done using a two-dimensional finite
element computer program, UTAH2. This program has been in use for many years and is
considered quite reliable (PAR78, PAR91). In response to mining, the adjacent rock mass
moves to a new equilibrium position. Maximum surface subsidence occurs above the center
of a mined panel, but diminishes with distance from the pimel center. However, as will be
shown, maximum strains do not occur at the same location as maximum subsidence. Tensile
strains may open existing joints or fractures and fracture opening is assumed to increase
hydraulic conductivity. If tensile strain between existing fractures is assumed to be absorbed
entirely by fractures, then the change in fracture aperture can be calculated. With the
assumption of an initial aperture, the change in hydraulic conductivity can then be estimated
as shown in Section 9.4.4.1.

Finite Element Analysis

The UTAH2 finite element program is a small strain, elastic-plastic computer program that
uses associated flow rules in conjunction with a pressure-dependent yield criterion. Elastic
and strength anisotropy may be independently specified, but one material axis is tacitly
assumed to be normal to the plane of analysis. The form of the yield criterion is J,+1;=1,
where J, is an anisotropic form of the second invariant of deviatoric stress and 7, is an
anisotropic form of the first invariant of stress. The isotropic form is a paraboloid of
revolution about the hydrostatic axis in principal stress space. Essential input data include
the elastic moduli as well as the strength parameters, geologic column, mining geometry,
boundary conditions and the premining stress state.

Material Properties

For the isotropic case analyzed here, the strength parameters required are the unconfined
compressive (C,) and tensile (T,) strengths of each material represented in the finite element
mesh. The elastic parameters are Young’s modulus (E) and Poisson’s ratio (») for each
material. ~ Specific weights (y) of the various rock types present in the model region are also
needed. The data for the four rock types assumed in the model are given in Table 9-4.
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Sandstone, anhydrite and halite elastic properties were obtained from a subsidence analysis of
the WIPP repository conducted by the IT Corporation ITC94). Strengths, with the
exception of halite were also obtained from (ITC94). Dolomite properties and halite strength
are averages of about 20 results obtained from a standard handbook (LLAM78).

Table 9-4. Rock Properties By Type

. Rock Type. . -
Sandstone 3.8 0.21 15.0 5.0 144
Anhydrite 10.9 0.35 13.3 4.6 144
Dolomite 9.4 0.30 13.3 1.2 144

L Halite _ 45 _ 0.25 52 3.1 144__ |

Consideration of strength and elastic modulus properties for the Culebra shows that the strain
at failure under uniaxial compression is 0.14%. Under tension the strain at failure is
0.013%. Rock strength is strongly affected by confining stress, so under multiaxial
compressive stress, the strain at failure should be greater than in the uniaxial case. Tensile -
strength is not considered sensitive to confining stress, so tensile strain at failure would also
be insensitive to confining stress. These estimates of failure strain are based on the :
. laboratory test data summarized in Table 9-4. The rock mass would have different propertles |
depending on fractures that are present in the field, but absent in the laboratory test samples.

Strains calculated using laboratory data will be lower than strains calculated using ﬁeld—scale
properties.

Geologic Column
The geologic column used in the analysis was adapted from the ERDA 9 borehole near the

center of the WIPP site (POW78). Table 9-5 gives the depth, formation, and thickness of
the different strata represented in the finite element model.
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Table 9-5. Strata Depth and Thickness

1. Dewey Lake 0 550
2. Rustler 550- : 58
3. Magenta 608 24
4. Rustler 632 8
5. Culebra 714 26
6. Rustler 740 120
7. Upper Salado . 860 : 507
8. McNutt 1,367 176
9. Potash Seam 1,543 10
10. McNutt 1,553 188
11. Lower Salado 1,741 333
12. Storage Zone 2,074 : 104
| 13. Lower Salado 2,178 . 442
14. Storage Zone T 2,620 ' 110
15. Lower Salado 2,730 ' - 106
16. Castile | 2,836 1,664

As can be seen from Table 9-5, the base of the mesh includes a portion of the Castile to a
depth of 4,500 ft (2836+1664). All strata below the Rustler formation were assigned halite
properties from Table 9-4. The Rustler Formation was assigned anhydrite properties (except
for the Culebra and Magenta which were assigned dolomite properties) and the Dewey Lake
Formation was assigned sandstone properties. This assignment is the same as used in _

. ITC9%4.

''" The thickness assigned to the Castile does not include the entire unit, rather it is based on assumpnons
regarding the necessary modeling depth required to minimize boundary effects.
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Mining Geometry

The mining panel was assumed to be 10 ft thick'?, 3,000 ft long and located near the
middle of the McNutt. However, the center of the panel is assumed to be a line of
symmetry, so only 1,500 ft is explicitly represented in the mesh. As a rule of thumb, the
influence of an excavation extends "one diameter" from the excavation walls. At one
diameter, the stress concentration about a circular hole decreases to within about 15% of the
initial stress state. The "diameter" that characterizes non-circular holes is the long dimension
of the hole. In this case, the "1-D" guideline suggests that panel excavation may noticeably
influence the state of stress 3,000 ft away. Thus, about 3,000 ft was added to the panel
depth (1,543 ft) to obtain a vertical mesh dimension of 4,500 ft. The horizontal dimension
of the mesh extends 5,250 ft beyond the panel edge and is thus 6,750 ft. The mesh and
panel are shown in Figures 9-5 and 9-6 where the scale is 900 ft per inch. There are 4,050
elements and 4,216 nodes in the mesh. The element aspect ratio is 5 or less.

- Premining Stress State

The premining' stress state was attributed to gravity alone; no tectonic stresses were assumed.

The vertical stress is then simply the average unit weight of rock times depth. Under |
complete lateral restraint, the horizontal premining stress is a constant, K,, times the vertical

stress. The constant depends on Poisson’s ratio, », and is therefore different for each rock

type. In fact, K, = »/(1-»), which ranges from about 0.2 to 0.5 based on the values in Table
94.

Boundary Conditions
The centerline of a panel was a line of symmetry; no displacement was allowed normal to
this line. Zero displacement boundary conditions were also specified normal to the mesh
bottom and far side. A zero normal displacement is often represented by a roller. The top
of the mesh coincided with the ground surface and was unrestricted except at the sides.

12 This thickness was selected as a conservative value based on mine workings in the area (Section 9.4.3.2)
and to reflect the possibility of mining on multiple levels.
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GROUND SURFACE

Figure 9-5. Finite Element Mesh Used for Strain Analysis Mesh 4,500 ft by 6,750 ft.
Scale: 1 inch = 900 ft.

Figure 9-6. Half Width (1,500 ft) of Mined Panel. Scale: 1 inch = 900 ft.
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Displacement boundary conditions were also specified on the excavation surface. The panel
roof was specified to "sag" 9 inches per load step; the floor was specified to "heave" 3 |
inches per load step. Thus, 1 foot of closure occurred during each load step at every pair of
nodes along the panel except at the panel edge where traction boundary conditions, equal but
opposite in sense to the premining stresses, were applied.. The amount of seam level closure

is controlled by the number of load steps specified, but is physically limited to a maximum
of 100% of the mined thickness (10ft).

A second physical constraint on seam closure is the amount of subsidence observed at the -
surface. The number of load steps was adjusted to meet these constraints. Specifically,
seam level closure (relative displacement between roof and floor) is 70% when 7 load steps
are applied. The corresponding surface subsidence calculated at the panel centerline is
52.5% of the seam thickness. When 9 load steps are applied, seam level closure is 90%,
while surface subsidence is 67.5% of seam thickness. This range of surface subsidence is
considered reasonable for full-extraction potash mining.

Fracture Conductivity Change

. As described above in Section 9.4.4. 1, the parallel plate model for fracture flow states that
average flow velocity is proportional to the square of the width (aperture) of the fracture; the
volume flow rate (discharge) is proportional to the cube of the aperture (equation 3).
Fracture hydraulic conductivity, K, is used here to relate flow velocity to hydraulic gradient
and is thus proportional to the square of fracture aperture (equation 2). The relative change
in hydraulic conductivity is (K, - K)/K,, where K, is the premining fracture hydraulic
conductivity. A purely geometrical calculation gives the relative change. Thus, the relative
change in fracture hydraulic conductivity is (W*-w,2)/w,2, where w is the fracture aperture
after mining (i.e. W) and w, is premining fracture aperture. This ratio is independent of
the units used for hydraulic conductivity such as feet or meters per year.

The post-mining aperture is simply the premining aperture plus the change in aperture Aw,
induced by mining. This change is the strain, €, integrated over fracture spacing, D, that is,
Aw = Dg. Fracture spacing was assumed to vary between 3 and 300 inches (ca. 0.08 m and
8 m); initial aperture was assumed to vary from 10 to 102 inches®. Strains are obtained
from the finite element simulation of longwall potash mining.

B In metric units these apertures are equivalent to 2.5 x 10 to 2.5 x 10* m. This range of apertures
would be associated with equivalent hydraulic conductivities varying from about 6 m/y to about 60,000 m/y. In
SAN92, reported hydraulic conductivities (converted from transmissivities using an aquifer thickness of 7.7 m)
within the WIPP Land Withdrawal Area ranged from 0.026 to 4,400 m/y.
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Results

Two simulations were done. The first case was associated with a subsidence factor (S) of
52.5% (maximum surface subsidence as a percentage of mined panel height); the second case
was associated with a subsidence factor of 67.5%. The results are similar in trend, but differ
quantitatively. -

Case 1.

Horizontal and vertical strains in the Culebra formation are shown in Figure 9-7 for this case
(S = 52.5%). The data are strains which are calculated at the centroid of the model
elements in the Culebra. Tensile strain is positive in Figure 9-7. The horizontal axis begins
at the left edge of the finite element mesh, that is, at the center of the mined panel. Mining
extends 3,000 ft, 1,500 ft of which is incorporated into the mesh. Figure 9-7 shows tensile
strain in the vertical direction over the mined pahel (between 0 and 1500 ft) and horizontal
tensile strain beyond the edge of the panel (beyond 1500 ft). The peak vertical tension is
about 0.055% (550 micro-in./in) and occurs 1,075 ft from the panel center (i.e., 425 ft
inside the panel edge). The peak horizontal tensile strain occurs 175 ft outside the panel
edge and is 0.0085% (85 micro-in/in). The horizontal tensile strain initially decreases with
distance from this peak and then rises to a broad secondary maximum of about 0.0047% (47
micro-in/in) at 4,275 ft from the panel center after which it decays slowly with increasing
distance. '

The horizontal strain changes from tension outside the mined panel to compression inside as
seen in Figure 9-7, The peak horizontal compression occurs inside the panel and gradually
decreases to a minimum at the panel center where the slope of the plot is zero. This trend is
indicative of a panel that is sufficiently wide relative to depth to cause maximum subsidence.
The panel has super-critical width in subsidence terminology. Critical width is usually given
in terms of the angle of draw: W, = (2H)tan(5). If the angle of draw is 35° e.g., then
critical width is 1.4H where H is the overburden thickness. N

Vertical tensile strains would tend to open horizontal fractures, while horizontal tensile
strains would tend to open vertical fractures. Compressive strains would tend to close
fractures. The magnitude of the vertical tensile strain near the center of the mining panel is
about the same as the horizontal compressive strain outside the mining panel and away from
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Figure 9-7, Subsidence-induced Culebra strains for subsidence factor of 52.5%. (Panel extends +/-1,500 ft from origin)




the rib. So the change in hydraulic conductivity of horizontal joints over the panel is about
the same as the change in vertical joint conductivity for a substantial distance outside the
mining panel (neglecting peaks near the rib).

Figure 9-8 shows the change in vertical fracture apertures (opening or closing) in the Culebra
as a function of distance from the panel center for three assumed joint spacings (3, 30 and
300 inches). Because vertical fractures or joints respond to horizontal strain, joint closure
occurs over the mined panel where the horizontal strain is compressive. Vertical joints tend
to open outside the mined panel. The magnitude of aperture change increases significantly
with joint spaéing. Vertical joint opening which occurs outside the mined panel ranges from
nil to almost 0.03 inches near the rib. |

Figure 9-9 shows the aperture change for horizontal joints (which respond to vertical strain).
The peak aperture changes at a 300-inch joint spacing are cut off in the plot. Horizontal
joint opening which occurs above the mined panel ranges from nil to well over 0.04 inches.

Figure 9-10 is a semilog plot of the relative increase in hydraulic conductivity of vertical
fractures, spaced 3 inches apart, that is induced by horizontal tensile strain outside the mined ‘
panel. The relative chénge depends on the initial fracture aperture; 3 apertures ranging from
10" to 10 inches are assumed in the construction of Figure 9-10. Only fractional increases
occur below the x-axis in Figure 9-10 (i.e., changes are less than an order of magnitude),
while orders of magnitude increase are shown above the x-axis. Figures 9-10b and 9-10c
present similar results at joint spacings of 30 and 300 inches. Generally, the relative
increase is greater for smaller, more widely spaced joints or fractures.
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Figure 9 8. Aperture Change in Vertical Joints for Fracture Spacings of 3, 30, and
300 inches and Subsidence Factor of 52.5%
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Figure 9-9. Aperture Change in Horizontal Joints for Fracture Spacings of 3, 30, and
300 inches and a Subsidence Factor of 52.5%
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Figures 9-11a, b, and c show the relative increase in hydraulic conductivity of horizontal

Joints over the mined panel. Joint spacings of 3, 30 and 300 inches were used for Figures 9-
11a, b and c, respectively.

Case 2.

Horizontal and vertical strains in the Culebra formation are shown in Figure 9-12 for this
case (S = 67.5%). The peak vertical tension is about 0.071% (710 micro-in/in) and occurs
inside the panel as seen in this figure. The peak horizontal tensile strain is about 0.0053 %
(53 micro-in/in) and occurs 225 feet beyond the panel edge. With distance, the horizontal
strain becomes compressive, then reverses to tensile, and reaches a secondary maximum of
0.0053% (53 micro-in/in) at 4,375 ft from the panel center. A gradual decrease occurs '
thereafter. The trends in vertical and horizontal strain are similar to Case 1. However,
increasing the subsidence factor increased the peak vertical tension over the mined panel but
decreased the peak horizontal tension outside the mined region. The secondary peaks outside
the mined regioh changed very little.

Since the horizontal tensile strain did not decay with distance as much as expected (see
Figure 9-12), the strain analysis was repeated with a larger mesh 9,000 ft by 13,500 ft. As

shown in Figure 9-13, with the larger mesh, the horizontal tensile strain decayed to 7 micro-
in/in at 7,025 feet from the panel center. '

Figure 9-14 shows the change in vertical fracture aperture (opening or closing) in the
Culebra formation as a function of distance from the panel center for three assumed joint
spacings (3, 30 and 300 inches). Vertical joint opening which occurs outside the mined
panel ranges from nil to about 0.015 inches which is a smaller range than in Case 1 because
of the smaller peak horizontal tensile strain.

Figure 9-15 shows the results for horizontal joints which respond to vertical strain. The peak -

aperture changes at a 300 inch joint spacing are cut off in the plot. Horizontal joint opening
which occurs above the mined panel ranges from nil to well over 0.04 inches.
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Comparison with Case 1, at a 30 inch joint spacing, shows greater horizontal joint opening in

this case (somewhat more than 0.02 inches compared with somewhat less than 0.02 inches in
Case 1).

Figure 9-16 shows the relative increase in hydraulic conductivity of vertical fractures, spaced
3 inches, that is induced by horizontal tensile strain outside the mined panel. The gap in the
plot occurs as the horizontal strain outside the panel changes from tension to compression
and then back to tension with distance from the panel edge. The magnitudes of the relative
change in hydraulic conductivity of the joints are similar to the previous case. Figures 9-16b
and 9-16¢ present similar results at joint spacings of 30 and 300 inches. As before, the
relative increase is greater for smaller, more widely spaced joints or fractures. Relative
fracture conductivity changes for horizontal joints are included in Figures 9-17a, b, and c.

Conclusion

Simulation of full extraction mining of 10 ft of potash at a depth of about 1,500 ft near the
WIPP shows large vertical tensile strains over the mined panel and slowly decreasing
horizontal tensile strains beyond the panel edge. Although generally in the elastic range, the
strains, when integrated between assumed fractures, lead to displacements that are 51gmﬁcant
relative to existing fracture apertures.

9.4.5 Consideration of Other Mining Impacts

In addition to subsidence-induced increased hydraulic conductivity of the Culebra, several
other potentially detrimental scenarios were postulated in Section 9.4.2 above. These are
discussed in the context of the information presented here.

9.4.5.1 Solution Mining

As described earlier, solution mining of langbeinite is not technically feasible because the
evaporite minerals which surround the ore are more soluble than the ore itself. Attempts to
solution mine sylvite have not met with success because of the characteristics of the ore

body. Thus, it appears unlikely that this technique will be applied to potash ores in the
region around the WIPP.
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9.4.5.2 Change in Flow Direction of Water—Beanng Members if a Vertical Hydrauhc
Connection Is Created By Subs1dence

As discussed in the Section 9.4.2, if a hydraulic connection did occur, the result could be a
shifting of flow in the Culebra toward the southwest. According to information presented by
Reeves et al. (REV91), the current travel path is toward the southeast and entails a distance
about 3,600 m from the center of the waste area to the southern boundary of the withdrawn
area. If subsidence produced a hydraulic connection between the water-bearing members of
- the Rustler Formation and flow shifted toward the southwest, then the travel distance could
be shortened to 2,415 m which is the shortest distance from the southernmost panel in the
waste area to the southern boundary of the land withdrawal area. This would represent a
33% decrease in travel distance to the accessible environment. However, this shift would
also move the contaminant travel paths into zones of lower hydraulic conductivities which
would result in longer travel times to the accessible environment (REV91).

9.4.5.3 Formation of Subsidence-Related Surface Depressions Where Water Could
Accumulate and Alter Local recharge Characteristics

As noted in Section 9.4.3.2, the maximum observed surface subsidence over existing potash

mines in the area is 1.5 m. ‘Using what are believed to be Conservative factors (from

~ Sections 9.4.3.1 and 9.4.3. 2) in equatron 1, mcludmg an extractxon ratio 90%, a mine height

of 2.6 m (8.5 ft), and a subsidence factor of 0. 67, the calculated surface subsidence would be

1.6 m. Subsidence of this order is less than the quoted surface relief in the area of 3 meters.

- Thus, topographical depressions where significant surface water could accumulate and alter
local recharge are not hkely ‘

9.4.5.4 Increased Hydraulic Gradient If Slgmﬁcant Flow From Water-Bearmg Strata into
Mine Workmgs Occurs .

Flow of water from the Culebra and Magenta Members of the Rustler Formation into open
shafts has been observed for all four shafts at the WIPP site (CAU90). Leakage into shafts
for various area potash mines has also been reported (CAU90) Quoted leakage values for
the open WIPP shafts are:

construction and salt handling shaft - 0.019 to 0.11 Us (599.0-3469.0 m’/yr)
waste handling shaft - 0.019 to 0.038 /s (599.0-1198.0 m*/yr)
exhaust shaft - 0.026 to 0.030 I/s (820.0-946.0 m*/yr)

air-intake shaft - 0.030 to 0.056 1/s (946.0-1766.0 m*/yr) :
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Flows of this magnitude would not persist if the shafts can be adequately sealed after mining
operations have ceased or once the formation is dewatered. The Bureau of Land
Management does not currently have in place specific regulations for sealing abandoned mine
shafts in the KPLA. Rather, abandonment procedures are initiated by the mining companies
and the sealing plans are developed on a case by case basis with the BLM (GRI96, CRA96).
For example, a current operation involves local removal of the shaft liner and replacement
with a concrete plug which extends from the top of the Salado Formation to the bottom of
the Culebra Member of the Rustler Formation. The plug is 16 to 30 feet in length. The
water bearing formations above the plug will be sealed by grouting to prevent the buildup of
water on the top of the plug. Procedures for future sealing operations may be different.
There is no available evidence as to the longevity of these types of seals. It is reasonable to
assume, however, that even degraded seals would somewhat impede flow into the shafts.

Since it is not clear that currently contemplated shaft seals will prevent leakage for long
periods, it is necessary to consider the impacts of leakage on hydraulic gradients and travel
times to the site boundary. To investigate the potential impacts that mining operations may
have on groundwater gradients and subsequent contaminant migration rates, a two-
dimensional modeling analysis was performed. The analysis assumes that the system is
confined and under steady-state conditions. The model also assumes that all groundwater
flow is horizontal and occurs within the matrix (i.e, unfractured flow). The Culebra is
represented as a homogeneous and isotropic porous medium at a constant thickness of 7.7 m,
and an effective porosity of 13.9 percent. A series of simulations were performed in which
the hydraulic conductivities (K) were varied from 7 to 500 m/yr to reflect their potential
impact on altering contaminant migration rates (Table 9-6).

Since the rate at which radionuclides are transported by groundwater is directly proportional
to the hydraulic gradient, any perturbances to the gradient will have a commensurate effect
on migration rates. Furthermore, depending upon location, the presence of mining shafts in
the vicinity of WIPP could have either a beneficial or detrimental effect on the performance
assessment. Shafts located upgradient from a hypothetical human intrusion (i.e., borehole)
would tend to lower or even possibly reverse the hydraulic gradients, thus, reducing the
contaminant velocities and subsequent radionuclide releases at the WIPP land withdrawal
boundary. Alternatively, shafts located downgradient from an intrusion would result in
increased gradients towards the shaft which would tend to accelerate groundwater velocities.
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Table 9-6. Summary of Results for Mine Shaft Leakage Scenario

7 12400.0 0.16 " 9800.0 0.2 161.0
20 4350.0 0.459 3430.0 0583 460.0 |
50 -~ 1750.0 1.14 1370.0 1.45 ©1150.0
500 A 175.0 11.4 137.0 14.45 11500.0

The shortest distance from the southernmost panel of the WIPP repository to the WIPP land '
withdrawal boundary is due south, approximately 2400 m. The ambient groundwater
gradient also has a strong southerly component. Therefore, for this modeling exercise, the
hypothetical mine shaft is located 2000 m downgradient from the waste disposal area. This

distance was selected to maximize the effects that would occur if the groundwater gradients

were affected by mining; in that the mine shaft is not so far away as to have little effect on
flow, yef it is not so close as to create a zone of influence in which contaminants flowing
past the mine shaft would actually travel slower due to the diminishing gradient effects that
will occur downgradient of the mine shaft. : )
To maximize the effect that the mine could have on the hydraulic gradients, the drawdown at
the mine was set almost at the base of the Culebra at 7.7 m, leaviiig a seepage face of 0.1 m
at the shaft. The flow rate due to this drawdown was then computed by the model (Table 9-
6). For example, where K = 7 m/yr, the calculated flow rate is 161 m*/yr. Because the
drawdown was maximized, this value represents a reasonable upperbound for the volume of

- water that would flow into the open shaft at a Culebra transmissivity (hydraulic conductivity

multiplied by unit thickness) of 53.9 m%yr.

The hydraulic gradient was also computed at selected points upgradient of the hypothesized
mipe shaft and compared to the ambient gradient of 0.0032 under current non-mining .
conditions. Since the functional relationship between drawdown and transmissivity can be
linearly extrapolated to any value of hydraulic conductivity, the overall effect on gradients
that is imposed by varying hydraulic conductivities is virtually identical. To illustrate this
relationship, the ratio of the gradient under mining conditions to the original gradient of

0.0032 was computed and is shown on Figure 9-18.
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Change in Culebra Gradient Due to Mining
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Figure 9-18. The ratio of the hydraulic gradient imposed by mining to the ambient gradient.
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To investigate the effect that this change in gradient would have on migration rates, a
particle—tracking analysis was performed. This type of analysis moves a particle at the same
velocity as the groundwater and the rate is not affected by dispersion, diffusion, or
retardation. The results from this travel time analysis are presented in Table 9-6.

In each case, the contaminant would travel approximately-27% faster over the 2000 m
distance when the hydraulic gradient is affected by a mine shaft placed in a location chosen
to represent mining’s maximum expected effect on the hydraulic gradients. The increase for
each of the simulations 27% above velocities calculated at ambient gradients and is shown in
column 5 of Table 9-6. This increase is small when compared to changes in S/elocity due to
potential increases in the hydraulic conductivity. As required by the rule, hydraulic
conductivities will be increased by up to a 1000 fold above their current measured values.
To place this travel time change caused by the mine shaft in perspective, groundwater
velocities for each of the simulations have been recalculated using hydraulic conductivities
that range from 2 to 1000 times their original values and are shown in Table 9-7. In each
example, the lowest values for the recalculated velocities fall well above the velocity values
that are increased by 27% due to the change in gradient. This velocity comparison indicates
that increases in hydraulic conductivity over the range specified by EPA have far greater
potential effects on groundwater velocities than increases in the velocities caused by altered

~ hydraulic gradrents due to mine shaft leakage. In light of the EPA requirement that DOE
perform analyses that are more stringent in evaluating mlmng effects than those associated
with an mcrease in gradrent it is reasonable to assume that the consequences a 27% decrease
" in travel time will have on the overall performance assessment will be captured by those
additional analyses

Table 9—7 Groundwater Velocities at Hydrauhc Conductlves the Range
from 2-1000 times those values presented in Table 9-6.

14.0-7000 0.32-161.0
40.0-20,000 0.92460.0
100.0-50,000 2.30-1151.0

1000.0-500,000 23.0-11510.0
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9.4.5.5 Damage to Borehole or Shaft Seals by Subsidence

From the information supporting Figure 9-4, it can be shown that the closest approach of the
sylvite reserves (a grade x thickness product of 40) to waste shaft is slightly over 2,500 feet.
The top of this sylvite ore zone (the 10th) lies about 1,900 feet below the surface (GRI9S).
Based on a 45° angle of draw, the impacted area from mining the BLM lease grade reserves
would be about 600 feet from the waste shaft at the surface and at proportionately greater
distances below the surface where maintenance of the shaft seal is more important (e.g.,
through the Rustler Formation). Alternatively, if one assumed the most pessimistic angle of
draw (58°) reported for the area in ITC94, the maximum extent of the impacted area would
be 3,040 feet and the disturbed zone would intersect the waste shaft at about 340 feet below
the surface. The juncture is still some 200 feet above the tdp of the Rustler Formation and

thus shaft seals should not be affected at any critical location in transmissive members of this
formation. .

If all the BLM lease grade reserves within the repository were mined out, a number of
boreholes would be undercut by the mining operations and the sealed area of the borehole
subject to subsidence-induced strains. Some of these impacted boreholes are shown in Figure -

9-4. However, the borehole seals between the repository and the mine workings should not
be affected by the mining operations™. : "

Thus, it is not expected that mining would breach shaft seals at any critical point along the
sealed length and would not affect borehole seals between the repository horizon and the
mine workings (about 430 feet). Consequently, pathways would not be opened to the

repository by a mining related seal failure mechanism which would facilitate release of
radionuclides.

9.4.5.6 Increased Hydraulic Conductivity of the Salado Formation Due to Excavation-
‘Induced Stresses

As discussed in Section 9.4.3.1, the maximum increase in the hydraulic conductivity of the
Salado Formation due to stress redistribution around underground openings is expected to be
about an order of magnitude and this altered conductivity decreases rapidly as one moves
away from the mined opening. At a distance equal to six times the width of the opening, the

' Inside the withdrawn area, only four boreholes associated with the WIPP Project (WIPP 12, 13, DOE 1,
and ERDA 9) and two earlier oil and gas holes reached or exceeded the depth of the repository.
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altered conductivity is only twice that of undisturbed salt. Even with changes of this
magnitude, the salt would remain highly impermeable. In addition, creep should cause the
salt to revert to near the undisturbed state. ‘

9.4.6 Summary

Extensive potash mining operations are being conducted in the vicinity of the WIPP site with
current mine workings less than 1.5 miles from the site boundary (DOE95). Existing potash
leases abut the site boundary around much of its perimeter (SIL94) and its is expected that
 current mining operations will be extended to the land withdrawal boundary.

Reserves and resources of both sylvite and langbeinite exist within the land withdrawal
boundary. Based on current BLM lease grade standards (four feet of 4% K,O for langbeinite
and four feet of 10% K,O for sylvite), the langbeinite reserves are within 3,490 feet of the
waste repository footprint and sylvite reserves are within 1,330 feet of the footprint. These
. reserves cannot be exp101ted currently because the WIPP LWA pI‘Oh.lbltS mmmg within the
withdrawn area. . ‘
At some time in the future, after active institutional controls are no longer practicable and, if
passive institutional controls have failed to warn about the buried hazards, it is a conceptual
possibility that rmmng of the ore remaining w1thm the withdrawn area could occur. Such a
‘hypothetlcal mmmg operanon would probably reqmre development of a new infrastructure
since existing reserves outside the withdrawn area would hkely have been depleted prior to
~the fallure of mstmmonal controls.

The most likely detrimental impact of such future mining would be increased hydraulic
conductivity ‘of the Culebra Member of the Rustler Formation resulting from subsidence-
induced fracturing of the relatively brittle dolomite. This fractufing (or widening of existing
fractures) could reduce the lateral transit time for radionuclides to the accessible
environment. The increased hydraulic conductivityb is of no consequence unless a hydraulic
connection exists between the Culebra and the repository 1,440 feet below. Based on current
WIPP scenaries, the hydraulic connection could be created by an inadvertently drilled
borehole which intersected the repository. Thus performance assessment will need to address
the probability and consequence of such a combination of events. Based on studies reviewed
here, it does not appear that other mining-related scenarios will have significant detrimental
effects on the natural and man-made barriers prote'cting the repository.
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Simulation of full extraction mining of 10 ft of potash at a depth of about 1,500 ft near the
WIPP shows vertical tensile strains over the mined panel and slowly decreasing horizontal

' tensile strains beyond the panel edge. Although generally in the elastic range, the strains,

when integrated between assumed fractures, lead to displacements that are significant relative

to reasonable fracture apertures. This, in turn, can increase the fracture hydraulic
conductivity of the Culebra.
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10. Active Institutio.nal Controls

10.1 INTRODUCTION

10.1.1 Regulatory Requirements Relevant to Institutional Controls at WIPP

In recognizing the many uncertainties inherent in the analyses for the containment criteria, as
established in Subpart B of 40 CFR part 191, EPA developed assurance requirements to
guarantee that the implementing agencies act cautiously and take steps to reduce such
uncertainties. The following six assurance requirements are stipulated in §191.14:

Active Institutiorial Controls

Resource Disincentives
Waste Removal

[ ]

¢ - Monitoring

e  Passive Institutional Controls
e  Barriers

[ ]

[ ]

Active institutional controls are defined in §191.i2A(f) as:

"Active institutional controls means: (1) Controlling access to a disposal site
by any means other than passive institutional controls; (2) performing
maintenance operations or remedial actions at a site, (3) controlling or cleaning
up releases from a site, or (4) monitoring parameters related to disposal
system performance. "

Active institutional controls operate sequentially in conjunction with passive institutional
controls to protect and mark the WIPP site. Passive institutional controls are defined in
§191.12(e) as: ‘

"Passive institutional controls means: (1) Permanent markers placed at a
disposal site, (2) public records and archives, (3) government ownership and
regulations regarding land or resource use, and (4) other methods of
preserving knowledge about the location, design, and contents of a disposal
system."

Active institutional controls are applied after “disposal,” (i.e., after all shafts to the

repository are backfilled and sealed (§191.02(1)), when the waste has been permanently
isolated with no intent of recovery. According to §191.14(a), "active institutional controls
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over disposal sites should be maintained for as long a period of time as is practicable after
disposal; however, performance assessments that assess isolation of the wastes from the
accessible environment shall not consider any contributions from active institutional controls
for more than 100 years after disposal.” In Appendix C of 40 CFR part 191, guidance is
provided for implementation of institutional controls that states "the implementing agency
will assume that none of the active institutional controls prevent or reduce radionuclide
releases for more than 100 years after disposal. However, the Federal Government is
committed to retain ownership of all disposal sites for spent nuclear fuel and high-level and

transuranic wastes and will establish appropriate markers and records, consistent with
§191.14(c)."

Based on thie active institutional controls requirement of 40 CFR part 191, EPA included the
following compliance criterion under §194.41(a) of the 40 CFR part 194 regulations:

"Any compliance application shall include detailed descriptions of proposed
active institutional controls, the controls’ location, and the period of time the
controls are proposed to remain active. Assumptions pertaining to active
institutional controls and their effectiveness in terms of preventing or reducing
radionuclide releases shall be supported by such descriptions. "

Examples of active institutional controls émployed for the purpose of restricting site access
include (EPAS8S):

¢ a [maintained] security fence and other barriers,
e  security guards

*  routine patrols

e  electronic surveillance

Examples of passive institutional controls include signs, markers, deed restrictions, land-use
controls, records, and legal documents. Passive institutional controls should warn those who
atfempt to enter the disposal site vicinity of the hazards associated with activities that would
disturb the subsurface. Furthermore, passive institutional eontrols require comprehensive
actions that will increase the likelihood that knowledge and information about the disposal
site and its contents are passed on to future generations.
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10.1.2 WIPP Site Characteristics
10.1.2.1 Site Description

The WIPP site is located in Eddy County, in southeastern New Mexico. The site is 26 miles
east of Carlsbad on a relatively flat, sparsely inhabited plateau with little surface water and
limited land uses. The land is primarily used for grazing. Other land uses within five miles
of the WIPP boundary include potash mining and oil and gas exploration and development
(SAN92).

The WIPP is a controlled site of 10,240 acres, which has been withdrawn from all forms of
entry, appropriation, and disposal including, without limitation, mineral leasing laws,
geothermal leasing laws, material sale laws, and mining laws as described in the WIPP
LWA. Areas designated as subdivisions within the WIPP site boundary include Zones I and
II. Zone I is an area of 35 acres surrounded by a chain link fence. Zone I encloses all the
major surface facilities. Zone II overlies the maximum extent of underground development
and encompasses an area of about 277 acres. The WIPP site boundary provides a minimum
of a one-mile wide buffer area of intact salt beyond Zone II (DOE93).

10.1.2.2 WIPP Facilities

The WIPP site contains surface and underground facilities interconnected by four shafts.
The surface structures accommodate the personnel, equipment, and support services required
for the receipt, preparation, and transfer of transuranic radioactive waste from the surface to
the underground. The underground facility is constructed in a bedded salt formation 2,150
feet (655 m) below the surface. Existing underground facilities include the TRU waste
disposal area, the experimental area, and the underground maintenance and support area
(SAN92).

10.1.2.3 Waste Characteristics
DOE will use the WIPP to receive and dispose of TRU waste. TRU waste are those wastes
containing radioactive elements with an atomic number greater than 92, a half-life greater

than 20 years, and a concentration greater than 100 nanocuries per gram, excluding high-
level waste and/other specific waste types. Some of these wastes are co-contaminated with
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hazardous constituents, making them mixed wastes. The wastes will be shipped in specially

designed transportation containers and will be packagéd in 55-gallon drums and/or standard
waste boxes.

10.1.2.4 Operations

- Following receipt and inspection, the waste containers, will be downloaded into-the
subsurface repository. Ultimately this repository will consist of eight “panels,” each of
which will contain seven separate disposal “rooms” and interconnecting drifts. After an
entire panel is filled, it may be closed to isolate it from the rest of the repository.

DOE expects that waste emplacement will begin in 1998 and continue for a 25-year period .
until the regulated capacity of the repository of 6,200,000 f® of TRU waste has been
reached. This capacity restriction must also include TRU waste derived from any
decontamination activities during the disposal phase and decommissioning.

10.1.2.5 Closure/Post-Closure Activities

Current DOE plans indicate that prior to closing the waste disposal area, surface facilities
will be decontaminated. Contaminated material that cannot be sufficiently cleaned to be
released as uncontrolled material will be emplaced within the waste disposal area.

The final activities within the repository will be the closing of the waste disposal area and the
sealing of the shafts. Upon completion of this activity, the remaining surface structures will
be dismantled. All surface structures will be removed, except for the concrete Hot Cell
structure and a sufficient quantity of salt tailings to support construction of the permanent
marker berm. Disturbed land will be regraded and planted to return the site to as near its
briginal condition as is practicable. At completion of the closure phase, DOE will implement
the WIPP active institutional controls program.

10.2 ACTIVE INSTITUTIONAL CONTROLS PROPOSED FOR THE WIPP SITE

As part of the active institutional controls program, DOE has developed a set of design

criteria that describe how the active institutional controls will be implemented. These criteria
are summarized below:
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o A fence line shall be established to control access to the repository’s footprint
area (the waste disposal area projected to the surface). A standard wire fence
shall be erected along the perimeter of the repository surface footprint. The
fence shall have gates placed approximately midway along each of the four
sides. '

d An unpaved roadway along the perimeter of the barbed wire fence shall be
constructed to provide ready vehicle access to any point around the fenced
perimeter, to facilitate inspection and maintenance of the fence line, and to
permit visual observation of the repository footprint to the extent permitted by
the lay of the land. This roadway shall connect to the paved south access
road.

o To ensure visual notification, the fence line shall be posted with signs having,
as a minimum, a legend reading "Danger-Unauthorized Personnel Keep
QOut" and a warning against entering the area without specific permission of
DOE, or other local authority such as the Eddy County Sheriff’s Office.’

o Contractnal arrangements shall be developed to ensure that periodic inspections
and necessary corrective maintenance are conducted on the fence line, its
associated warning signs, and the roadway.

o Through direct DOE staffing support and/or contractual arrangements,
procedures shall be established to provide routine periodic patrols and
surveillance of the protected area by personnel trained in security,
surveillance, and investigation. '

. Processes will be developed for monitoring and controlling the long-term
testing requirements of the permanent marker system.

o Processes will be developed for implementing the periodic monitoring
requirements of the disposal system’s monitoring program.

*  Recommendations will be developed for modifications to the active
institutional controls appropriate for access control and surveillance upon
installation of the permanent marker system.

o Guidelines will be developed for recommending mitigation actions to be taken
to address any abnormal conditions identified during periodic surveillance and
inspections.

' DOE is suggesting use of the Eddy County Sheriff’s Department to conduct periodic surveillance of
WIPP active institutional controls. This surveillance wouid be conducted pursuant to a contract between the
DOE and the Sheriff’s Department. '
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o Reports of activities associated with the post-disposal active access controls
shall be prepared in accordance with regulatory requirements for submittal to
the appropriate regulatory and legislative authorities.

Details on meeting these criteria were submitted as, "WIPP Active Access Controls After

Disposal Design Concept Description.” Summarized below are additional noteworthy items
delineated in the report.

. Access control. Access to an area approximately 2,780 feet by 2,360 feet will
be controlled by a 4 strand (3 barbed and 1 unbarbed in accordance with the
Bureau of Land Management specifications) wire fence. A single gate will be
placed approximately mid-way along each side of the fence for access. The
western gate shall be 20 feet wide; and the remaining three gates shall each be
16 feet wide. Around the perimeter of the fence, an unpaved roadway 16 feet
wide will be cut to allow for patrolling of the penmeter Patrolling of the
perimeter is based upon the need to ensure that no mining or well drilling

activity is inadvertently initiated which could threaten the integrity of the
repository.

o Surveillance monitoring. Surveillance monitoring will consist of drive-by
patrolling around the fenced perimeter, two to three times per week. During
the course of the patrol, particular note shall be taken of fence integrity, gate
integrity, and locked conditions of each gate. Surveillance should also include
visual observation of the entire enclosure area for any signs of human activity.

o Maintenance and remedial actions. Anticipated maintenance and remedial
action issues during the active control period are minimal and should
encompass issues such as fence/road maintenance, evidence of vandalism,

potential erection of drilling equlpment grass fires, unauthonzcd entry in
prohibited areas.

o Control and cleanup of releases. DOE intends to complete the _
decontamination process and disposal of derived radioactive waste prior to
final closure of the waste disposal area and sealing of the shafts.

o Long-term monitoring. Details describing the establishment of a network of
elevation benchmarks and the development of a data baseline from which to
evaluate disposal system performance is described in the Long Term
Monitoring Design Concept Description (DOE94). (NOTE: Disposal system
monitoring is addressed in §191.14 as a separate assurance requirement;
therefore this topic is discussed in detail in Chapter 11).

10-6



10.3 INSTITUTIONAL CONTROLS AT OTHER FACILITIES

For comparison, a review was conducted of active institutional controls proposed or
implemented at other facilities and their corresponding regulations. (It should be noted that,
although the focus of this chapter is active institutional controls, in practice and in the
regulations there may not always be a clear delineation between active and passive controls.)
DOE and Department of Defense (DOD) facilities that contain special nuclear material,
NRC-licensed nuclear reactor facilities, low-level waste disposal facilities, uranium mill
tailings disposal sites, and Superfund sites were examined. This review focused on those
institutional controls specifically designed for protection against human intrusion because they
have the most relevance to the WIPP.

10.3.1 Facilities Containing Special Nuclear Material

A number of DOE and DOD facilities must protect special nuclear material. The access
controls at these facilities represent the extreme end of the controls continuum that could be
considered for application at the WIPP. Typically, these controls include continuous
monitoring by armed guards, double rows of chain link fence topped with barbed wire,
motion detectors, infrared deteétors, and visual surveillance using remote TV cameras.
These controls are designed to prevent intentional intrusion into critical areas where the
special nuclear material is stored, and to ensure the material is not stolen or sabotaged.
These controls also prevent inadvertent intrusion. Many of the specific control elements in
place at these facilities resemble the proposed controls for WIPP. For example, the fact that
the TRU waste will be over 2,000 feet below the surface should be at least as effective a
control as the fencing arrangement at DOE special nuclear facilities such as Pantex.

' 10.3.2 Retired Nuclear Reactor Facilities

When a nuclear reactor has reached the end of its useful life, it must be decommissioned in
accordance with the requirements established in 10 CFR part 50. NRC regulations define
"decommissioning" as the process of reducing residual radioactivity to a level that permits
release of a facility for unrestricted use and termination of an NRC license. In effect, this
definition means that, after the radioactivity exceeding NRC limits for unrestricted use has
been removed, no further institutional or administrative controls are required.
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. Licensees may request and have been granted exemptions to the unrestricted use requirement.
One interim decommissioning alternative that has been used by several retired facilities is
termed safe storage (SAFSTOR). Safe storage is defined as those activities required to place

~ and maintain a nuclear facility in such condition that future risk from the facility to public

safety is within acceptable bounds and that the facility can be safely stored for as long as
desired.

During the SAFSTOR period, irradiated fuel assemblies and in-core fission chambers are
stored in the spent fuel pool. The onsite storage of spent fuel requires the continued
operation of numerous plant systems, such as (1) service systems, (i.e., ventilation, spent
fuel pool service, fire protection, and electrical), (2) waste disposal systems, and (3)

monitoring systems, (i.e., stack gas radiation monitoring systems, process water monitoring,
offsite environmental monitoring stations, etc.).

Active institutional controls at reactor facilities in a safe storage condition are extensive and
a:e,"theréfore, not limited to protection against unauthorized entry. A permanent plant staff
for the operation of necessary plant systems, pre\}entative/corrective maintenance of
structures, systems, components, and equipment, and onsite/offsite environmental monitoring
‘must be maintained during the SAFSTOR period. During SAFSTOR, a licensee is required
to maintain a full-time, onsite security force to prevent unauthorized access or deliberate
intrusion into the facility. Additionally, a system of multiple locked physiéal barriers and
warning signs/signals must be maintained to control access into areas where exposure to
radiation is possible (NRC94).

10.3.3 Low-Level Radioactive Waste Di;posal Facilities

The Nuclear Regulatory Commission established regulations under 10 CFR part 61 to cover
all phases of land disposal of low-level radioactive waste (LLW). A LLW disposal facility
licensed under 10 CFR part 61 consists of the land, buildings, and equipment required for
the near-surface disposal of LLW. These regulations also require the use of a waste
classification system, where high-activity Class C wastes are to be placed deep in the ground
(at depths below 5 meters) or behind barriers to limit human intrusion.

Six commercially-operated LLW disposal facilities, located at Beatty, Nevada; Maxey Flats,
Kentucky; West Valley, New York; Richland, Washington; Barnwell, South Carolina; and
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Sheffield, Illinois, have been licensed and operated in the United States. These facility were
licensed prior to the promulgation of 10 CFR part 61 and use shallow land burial designs.
The Richland and Barnwell facilities continue to operate as disposal facilities for LLW,
whereas the other four sites have closed.

Under the Low-Level Radioactive Waste Policy Act of 1980 and the Low-Level Radioactive
Waste Policy Amendments Act of 1985, states are responsible for the disposal of commercial
LLW generated within their respective boundaries. Since this legislative directive, several
states and regional compacts are in various stages of planning and licensing new LLW

- disposal facilities. All new facilities will be licensed under 10 CFR part 61 or compatible
Agreement State regulations. In addition, Envirocare of Utah, Inc., has applied to NRC for
a license to construct and operate a facility to receive, store, and dispose of uranium and
thorium byproduct material.

Institutional control requirements for LLW land disposal facilities, as cited in §61.59,
specifically address control of access, environmental monitoring, surveillance, minor
custodial care, and administration of funds to cover the costs for these controls. The primary
institutional control to protection against inadvertent intrusion is physical security (e.g.,
barriers, fences) to limit site access. Other active controls include periodic inspection of the

- site, maintenance of disposal unit covers, revegetation of the disposal area, and maintenance
of the security fence. For example, the site stabilization and closure plan for the LLW
facility operated by U.S. Ecology Inc. in Richland, Washington, has propesed the following
active institutional controls as part of their Site Stabilization and Closure Plan (USE95):

. At closure, security around the facility will be maintained by the existing 8
foot high galvanized chain-link fence, which is topped with three strands of
barbed wire.?

° Two times each year, during the 5 to 54 year post-closure and maintenance

period, a crew of two men and foreman will spend three days each visit.
performing miscellaneous maintenance.

. Annually, during the 55 to 100 year post-closure period, a crew of two men
and a foreman will spend three days performing necessary maintenance. Also
during this period, the fence surrounding the facility will be replaced.

2 This fence is much more robust than that proposed for the WIPP site; however the waste at Richland is
shallow lying and hence more prone to disturbance by surface activities.
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Although 10 CFR part 61 specifies that institutional controls cannot be relied upon for more
than 100 years, some of the new LLW disposal facilities are proposing the use of active
controls for longer than 100 years. For example, a minimum of 100 years of active controls
is proposed for new facilities in California and Nebraska (KAR95); and the license

application for a new facility in Illinois contained a 300-year active institutional control
period (NRC93).

10.3.4 Uranium Mill Tailings Disposal

Uranium mill tailings are a byproduct waste that results from the 'proccssing of ore to extract
uranium. Historically, uranium mill tailings have been stored in large surface

impoundments. The principal health concern is exposure to radon-222, a radioactive decay
product of uranium.

Long-term stabilization and disposal regulations were developed under the Uranium Mill
Tailings Radiation Control Act of 1978 (UMTRCA) by EPA and NRC and set forth in 40
CFR part 192. In addition, the NRC developed specific licensing and design criteria, which
are addressed in 10 CFR part 40, to implement EPA’s environmental standards.

In accordance with existing regulations, uranium mill tailings must be stabilized for 1,000
years, to the extent reasonably achievable, and, in any case, for at least 200 years without
active maintenance. Therefore, controls for stabilization and safe isolation of the tailings
primarily rely on site characteristics and engineering designs.

Site closure activities, which are intended to reclaim and stabilize the site to such a degree
that no active, ongoing maintenance is required, typically consist of the following:

¢  dewatering the tailings ponds,
*  implementation of a ground water remediation program,

e filling the impoundment area with a sufficient quantity and type o