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RATIONALE FOR PERFORMANCE OBJECTIVES AND
REQUIRED CHARACTERISTICS OF THE GEOLOGIC SETTING

I. Introduction.

High-level radicactive waste (HLW) is a byproduct of the irradiation of nuclear
fuel in nuclear reactors. In the United States, commercial nuclear reactors are
principally light water reactors, whose fuel consists of pellets of UOZ‘ The -
uranium is a mixture of isotopes that is mostly U-238, but includes about 2 to 3
percent U-235 and trace amounts of other isotopes of uranium. During irradiation,
the U-235 fissions and releases energy. During irradiation, some of the U-238

is converted to Pu-239, which, 1ike U-235, can fission and release energy.

After the fuel has been removed from the reactor, the Pu-239 and remaining
uranium can be removed (fuel reprocessing) and recycled. This has led to the
conceptual development of several fuel cycles. Three fuel cycles have been
considered by the Environmental Protection Agency (EPA) (197%a) in developing
its high level waste standard and the Department of Energy (DOE) (1979) in its
draft Generic Environmental Impact Statement (GEIS) on Commercial Waste

Management.
1. The "throwi&éy“ cycle in which low-enriched uranium as UO2 is irradiated

in a light water reactor (LWR), with direct disposal of the spent fuel as

waste;
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2. Uranium-only recycle in which low-enriched UO2 1s irradiated in an LWR,
the spent fuel is"reprocessed. the recovered uranium is'recycled, and the

plutonium {s stored;

3. Mixed-oxide recycle fn which mixed Pu0, and low-enriched W0, s frradi-
ated in an LWR, the spent fuel s reprocessed and the recovered uranium

and plutonium are recycled

In its final GEIS, DOE (1980) deéleted the uranium only recycle case because of
the low likelihood 1t would ever be impiemented.' Storch and Prince (1979) |
discuss several other potential fuel cycles that are found in the iiterature,

but are not being commercialiy developed at present.

The different fuel cycles‘are significant because they result in different

waste products. The EPA.'to develop its standard, hasvbeen considering the
tnrowaway, uraniumroniy recycle, and-mixed-oxide fueifcycies for characterizing
radioactive waste. The NRC staff has also used these same-cycies, since we consider
their wastes have characteristics that will bound those of wastes from any fuel

cycle likeiy to be commercialiy deveioped

The more important nuclides in radioactive waste result either from fission or
from neutron capture in actinide isotopes Both processes ‘occur during
irradiation of the_fuei in the reactor. When the spent fuel is removed from
the reactor, it consists principaiiy of fission products and actinides in

addition to some activation products fn the fuel assembly structures and fuel
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cladding (DOE, 1979; ADL, 1979a). Each has certain general characteristics
that are described in ADL (19793, 1979¢) and DOE (1979, 1980).

For the most part, the fission.products are relatively mobile in the geologic
environment, have short half-l1ives, and high specific activitias. In consa-
quence of their high specific activities, the fission products generate heat
at a sfignificant rata. In contrast, the actinides tend to be relatively immo-
bile, have long half-lives, and lower specific activities. In addition, they
generate heat at a lower rate than the fission products and, like uranfum ore,

they emit primarily alpha radiation.

In the throwaway cycle, the spent fuel assemblies are the waste. The uranium-only
recycle ‘and the mixed-oxide fuel cycle both involve reprocessing of the spent

fuel. That operation is generally carried out by the PUREX process, which produces
a nitric acid solution containing the fission products and various amounts of
actinides as a waste stream. This waste can be solidified before final disposal

and is called reprocassed high-level waste.

High level radioactive wastas from these fuel cycle will need to be disposed
of in a manner that does not represent a hazard to public health and safaty.
Three Federal agencies have major roles in the national program for disposal
of high-level rddioactive wastes. The EPA is responsible for establishing
generally applicable environmental standards for protection of the general
environment from radioactive material. The standards apply to all uses of

radioactive materials, including disposal of high-level wastes. The Department
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of. Energy has the responsibility to develop the technology and to select the?
sites for safe disposal ofrhigh level wastes. The ﬁuciear Regulatory Commission
(NRC) 1s responsible for developing technical criterfa to be.used in implementing
EPA's standard. The technical criteria‘that the NRC proposes includes the
following performance objectives and required characteristics of the geologic

setting:

§60.111 Performance objectives
(a) Performance of the gealogic repository operations area_throug_

ermanent closure

(1) Protection against radiation ex osures and releases of.radio-
logical material. The geoiogic repository operations area shall be
designed so that until permanent closure has been completed, radiation
JLXposures and radiation levels, and releases of radfoactive materials
“to unrestricted areas, will at all times be maintained within the limits
specified in Part 20 of this Chapter and any generally applicable envi-
ronmental standards estabiished by the Environmentai Protection Agency

(2) Retrievabiiit of waste. The geolegic repository operations
area shall be designed so that the entire inventory of waste could be
retrieved on a reasonable schedule, stzrting at any time up to 50 years
after waste emplacement operations are ccmplete. A reasonable schedule
for retrieval is one that requires no longer than about the same overall
period of time than was devoted to the construction of the geologic
repository operations area and the emplacement of wastes.

(b) - Performance of the geolzgic repository after permanent closure.

(1) Overall system performance. The gesclogic setting shall be
selected and the subsurface facility designed so as to assure that
releases of radicactive materials from the geolegic repository following
permanent closure conform to such generally applicable environmental
standards as may have been established by the Environmentai Protection

Agency.
(2) Performance of thefengineered sistem'

(i) Containment of HLW. The engineered system shall be designed
so that even 1f full or partial saturation of the underground facility
were to occur, and assuming anticipated processes and events, the waste
packages will contain all radionuclides for the first 1,000 years after
permanent closure and for as long thereafter as is reasonably achievable.
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This requirement does not apply to TRU waste unless TRU waste is emplaced
close enough to HLW that the TRU release rate can be significantly affected
by the heat generated by the HLW.

(11) Control of raleases.

(A) For HLW, the engineerad system shall be designed so that, after
the first 1,000 years following permanent closure, the rate of release of
radionuc]ides from the underground facility is as low as is reasonably
achfavable. As a minimum, the design shall provide that the annual
release of any radionuclide does not exceed one part in 100,000 of the
maximum amount of that radionuclide calculated to be present in the
underground facility (assuming no release from the underground facility)
at any time after 1,000 years following permanent closura.

(B) For TRU waste, the engineered system shall be designed so that

. following permanent closure the rate of raeleasa of radionuclides from the
underground facility is as low as is reasonably achievable. As a minimum,
the design shall provide that the annual release of any radionuclide does
not exceed one part in 100,000 of the maximum amount calculated to be
present in the underground facility (assuming no release from the under-
ground facility) at the time of permanent closure.

(3) Performance of the geologic setting. ®

(1) Containment period. Ouring the containment period, the geologic

satting shall mitigate the impacts of premature failure of the engineered
system. The ability of the geologic setting to isolate wastas during the
isolation period, in accordance with paragraph (b)(3)(if) of this section,
shall be deemed to satisfy this requirement.

(i1) 1lsolation period. Following the containment period, the geologic
satting, in conjunction with the engineered system as long as that system
is expected to function, and alone thereafter, shall be capable of isolat-
ing radfoactive waste so that transport of radionuclides to the accassible
environment shall be in amounts and concentrations that conform to such
generally applicable environmental standards as may have been astablished
by the Environmental Protection Agency and thereby will not result in
significant dosas to any individual. For the purposes of this paragraph,
the avolution of the sita shall be basad upon the assumption that those
processas operating on the site are those which have been operating on
it during the Quaternary Period, with perturbations caused by the presence
of emplaced radiocactive wastes superimposed thereon.

§60.112 Required charactaristics of the geologic setting.

(a) The geologic setting shall have exhibited structural and
tactonic stability sinca the start of the Quaternary Period
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,

(b) The geologic setting shall have exhibited hydrogeologic geo~
chemical, and geomorphic stability since the start of the Quaternary
Period. _ : : C '

(c) The geologic repository shall be located so that pre-waste

'emplacement groundwater travel times through the far f1e1d to the
accessible environment are at least 1,000 years.

INTENT -
The design of a geologic repos1tory for disposal of high level wastes must pro-
vide for protection of public health and safety during:two‘periods: '(l)rduring
repository'operations, when the principal concern {nvoIYes exposure of operators
or releases of redioaétive materials to unre;tricted areas in liquid or gaseous
‘effluents, and (2) after repository sealing, when the principa]rconcern involves
long-term migration through groundwaters to the access1b1e environment The

performance objectives of 10 CFR 60.111 apply to both of these per1ods

(1) Releases during cperation .
Several operations n111 be needed brior to disposal ef waste in the geologic

repository. These operations could include Storage of materials, chemical
separation, solidffication of waste packaging and emplecement. Each of these
operations could result in re]eases to the operations area or to the general

environment.

The EPA is preparing a standard that will limit ambient 1evels of radioective
materials resuiting from operation of a high level waste disposal facil1ty

Part 20 of the Commission’ s reguTations wi11 1mp1ement this standard Part 20
already contains limits for doses to the operating personnel. The performance

objective §§60.111(e)(1) requires that the geoIogfc repository operations area
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be designed to operate within the 1imits of Part 20. Since the problems likely
to be encountered during the operational phase will be similar to those dealt
with in similar radioactive materials handling facilities, no special performance
objectives in addition to those contained in Part 20 are considered to be

necessary.

(2) Releasas after decommissioning

The objective of waste disposal is to isolate the waste from the environment
for a long paeriod of time. The EPA is preparing a standard that w111-set limits
on ambient lavels of radioactivity in the general environment from any disposal
system. While the EPA standard has not yet been published in proposad form,

we axpect that it will require quantities of radicactive materials releasad to
the environment over a long period of time to be limited to very small amounts.
The performance objective §§60.111(a)(2) requires that the geologic repository
be designed in a way that provides reasonable assurance that ambient levels of

radicactive matarials will be within 1imits that EPA may establish.

Disposal of radioactive wasta in a manner that will assure safety for many

thousands of years represents a unique problem not previously dealt with in

other NRC or EPA standards. The NRC staff has considered saveral performance
objectives to address this unusual regulatory problem. The remainder of this
chapter prdvides-ihé technicél bases for the performance objectives selected
as well as avaluation- of alternatives considered for siting and design of the
repository to assure effaective long-term isolation of the wastes. Section II

discusses the alternatives considered in selecting a regulatory approach and
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the rationale for the approach selected. Section III describes the alternatives
considered for the major barriers of the waste isolation system and the rationale
for the required barriers. Section IV describes alternatives considered for

the specific performance objectives for the major barriers and required charicter-
istics of the geologic:setting and provides the basis for the numerical valves

that were selected. Section V describes the rationale for requiring the repository
to be designed so that the option to retrieve the wastes is preserved and gives

the basis for the numerical value selected for the perfod this option shall be

preserved.

II. Selection of the Requlatory Approach

A.  Need for Numerical Models

While the EPA standard has not been cast in its final form, its implementation
will require quantitative predictions of radionuclide rgIeases to_the general
envircnment. NAS (1979) notes that this can be done only through the use of
numerical modeling of the repository system because of the very long time -
frame involved. The IRG (19879) also concluded that the degree of long term
isolation provided by a repository can only be assessed through analytical

modeling.

Predictive modeling of the repositbry will require that postulated releases be
traced from thefAéép1y buriea waste through the geologic and hydrologic environ-
ment to those parts &f the general environment that are accessible by people.
Thus, the procedure for repository evaluation wi11“1nvo1ve the determination

of release scenarios, characterization of the geologic and hydrologic environment,
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and numerical modeling of the many physical and chemical processes involved in

the release and transport of radionuclides.

8. Sources of Uncertainty in Numerical Models

Bredehoeft and others (1978), IRG (1979), NAS (1979), Crafg (1979), Davis (1980),
and many others have esach noted uncertainties associated with at least one of
the steps of this procedure for repository evaluation.” The use of numerical
modeling methods 1ntrodu;es errors and uncertainties through the use of approxi-
mative techniques, undiscovered logic errors in compiex computer codes, and

undiscovered errors in algorithms.

B8redehceft and others, LBL (1979), and Davis discuss a second contribution to
ovarall uncertainty: uncertainties that are attendant to site characterization.
Davis points out that uncartainties in the methods usaed to determine data and
uncertainties associated with undetected features will contribute to the overall

uncartainty in repository performance.

A third contribution to the overall uncertainty arises from the uncertainties
that exist in our understanding of the basic physical processes from which the
reléase scenarios that form the basis for the evaluation of performance are to
be constructed (Qayis, 1980)7 In that connection, Bradehoeft and others discuss
the complex perturbations on the geologic and hydrolcgic environment caused by
the presence of the waste and the repository. DOE (1979) also discusses the
uncertainties associated with waste-rock interactions and notes that it is a

major area of concern.
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Bredehoeft and others pofnt out an additional area of concern: the potential

for unanticipated interactions in complex systems. fhey observe that unantici-
pated interactions have occurred in many engineering systems whose compdhents

were thought to be well characterized. They also observe that other investigators
~ have argued that because of the complexity of fdentified and unidentified poss-
ible interactions between processes in the earth sciences, Tong-term prediction

is unreliable and impossible to perform with high confidence.

Taken together, the uncertainties in site characterization, in bisic-physica1
processes, and in the possible interactions in complex systems.-suggest that
' the evaluation of repository performance will be subject to considerable

uncertainty.

In view of the sbove, IRG (1979) recommended that the EPA recognize the large
range of inherent uncertainty involved in determining the'perforﬁance of waste
management systems and permit the NRC to account for it in its implementation
and 1icensing process. In principle, uncértaintfes-in the numerical models,
uncertainties in characterization 6f the site and engineered elements, and uncer-
tainties in basic physical processes can be estimated and bounded. Therefore,

it might be possible to account for them directly in determining whether the

EPA standard will be met. However, a direct accounting of uncertainties has

not been done 1ﬁ.iny modeliﬁg to date. The potential for unanticipated inter-

actions and occurrences cannot be bounded even in principle.
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Compensation for uncertainty that would otherwise confound adequate demonstration
of compliance with the EPA standard is an essential part of the NRC staff's regu-
latory approach. Since any licensing proceeding will invelve the question of -
adequately demonstrating compliance with an EPA standard, the NRC staff has

placad primary emphasis on selecting approaches to facilitate rasolution of this
issue. Other approaches which might prove useful in the long run, but which are
hard to demonstrate compliance has been achieved and could involve years of delay

in a licensing proceeding, have been de-emphasized.

C. Altarnatives

Three alternative approaches to regulating geologic disposal of HLW were considerad
in the development of the technical criteria of 10 CFR Part 60. Each was

examined in light of its ability to compensate for the major uncertainties in

the quantitative prediction of the performance of geologic disposal. The

alternatives considered were:

1. Regulation of repository systems by setting a single overall performance
standard that must be met by the system. The performance standard in this

case would be the EPA standard;
2. Regulation of repository systems by satting minimum performance standards

for each of the major system elements as well as requiring the overall

system to conform to the EPA standard ; and
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3. Regulation of repository systems by setting numerical criteria on critical

engineering attributes of the system.

The NRC staff has examined each of these alternatives from the standpoint of.
1t§ ability to compensate for uncertainty in evaluating compliance with thé,
EPA standard in a ljcensing'proceeding. The NRC staff further examined each
alternative with two objectives in mind: (1) providing as much guidance and
detail as.may be warranted by generic considerations; and (2) avoidipg undue

constraints upon system design.

The alternative of setting a single system performance standard {s often referred
to as the "systems approach.". It has as its principal advantage the fact that
regulation would be through a §1ngle figure of merit, overall system performance.
T:is leaves maximum flexibility for the designer to make trade-offs among compo-
nents of the system. The systems approach can include the concept of multiple
barrier design to compensate for uncertainty in overall system performance (see

for example DOE, 1979).

Unfortunétely, the systems approach as interpreted above is not practical from

a regulatory point of;view; As noted earlier, a quantitative assessment of

the expected performance of a geologic repository is a complex and difficult
task. The results of such an assessment contain the uncertainties described
above. Compensation for uncért;jntigs can be achieved, however, without imppsing
ancillary requirements on the systems approach by introducing conservatism.

Either the measure of performance can be made more stringent than is truly needed,

Enclosure J



4/30/81 13 - Alexander 5/A

or the method of evaluation, or both. Unfortunately, estimates containing worst
case and bounding assumptions necessarily depart from reality and therefore
become Tass certain than the already uncertain realistic estimate. Further,
conservative standiards need a reasonably precise realistic measure against which
to be conservative. Hence, neither method of introducing conservatism affords

a very clear picture of just how much conservatism has been introduced. Hence
neither mathod gives a very clear picture of how much gain in confidence should

be realized from that conservatism.

The second alternative estéblishes major subelements of the repository system,
called barriers, and assigns minimum performance objectives to sach while
maintaining the EPA standard as the measure of overall system performancea.
This alternative has two advantages over the systems approach. First, if the
barriers are chosen judiciously, the uncertainty in the evaluation of repository
performance can be reduced by requiring the barriers to perform in ways which
reduce their relative contribution to the uncertainty. Second, by judicious
choice again, multiple barriers can be prescribed which act independently and
thereby enhance confidence that the wastes will be isolated. As is discussed
in subseqﬁent saections, the NRC staff has secured these advantages through
performance objectives which 1) serve to reduce the effective sourca term for
the repository evaluation, using reasonably verifiable engineering methods
thereby reducing calculational uncertainty, and 2) independently provide
confidence that the Qastes will not reach the environment during the period

when they present the greatest hazard.
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An additional benefit follows from the establishment of major barriers and their
associated performance objectives. Once the barriers and objective are kﬁown,

that knowledge can be used by the DOE as input to the design of the repository.
Design {ssues related to repository performance can be addressed early on,{reducing
the potential for major design changes resulting from the licensing process. |
Yet since only the major subsystems and their performance are specified, design

" flexibility 1is retained.

 The third alternative, use of numerical criteria for certain eng%nee;ing

attributes of the system (a peak canister wall temperature, for example) has

two major advantages. It would provide clear guidance to designers as to exactly
what is required for licensing. Secondly, the criteria can be selected to compénsate
directly for uncertainty by introducing conservation into the acceptable levels

for each significant attribute of the system.

The approach also has several disadvantages. Of the three alternatives, it is
most restrictive of design flexibility. In fact; it begins to force the regu-
lator into & designer role. In addition, criteria must be set on the basis of
existing knowledge to be effective. Therefore, the'approach c£nddt fully accom-

modate the benefits of future research and development work.

During the development of its regulatory approach, the NRC staff received peer
comments from two workshops in additfon to the public comments received on the

Advance Notice of Proposed Rulemaking published in the ngeﬁa1 Register on May 13,

1980 (46 FR 13971). The workshops were sponsored by ‘the Keystone Center for
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- Continuing Education (see Craig, 1979) and the University of Arizona (see Davis,

1980).

The participant at both workshops supported the use of minimum performance standards fo
barriers. The Keystone group emphasized the importance of multiple barriers

to compensata for gaps in understanding of the response of deep geologic forma-

tions to the disposal of high-level radiocactive waste. The Keystone group further
notad that minimum performance objectives can reasonably be placed separately

on the major parts of the system. The University of Arizona workshop‘also supported

an approach based on minimum performance objectives. In its report, the workshop
stated that the multibarrier concept and common sensa approach to the establishment

of performance objectives is a practical way to achieve a viable regulation.

Several commenters on- the Advance Notice of Proposed Rulemaking pointed to_the
strength of the systems ;pproach as interpreted in alternative one as providing
the designer with flexibility to make trade-offs between system elements, provided
that the overall performance standard is met. These commenters argued that a
regulatory approach based on minimum performance standards for individual barriers

is unnecessarily restrictive.

To the contrary, however, the United States Geological Survey (USGS, 1980)

commentad as foliéwé:

"In particular we believe that section 60.111(c), Performance of
Required Barriers and Engineered Systems, represents a sound approach
to licensing. It is sometimes stated that only the performance of
the total waste isolation system is relevant to licensing and per-
formance requirements. But assessing the total system, whether by
models or some other approach, is an extremely complex undertaking

Enclosure J



4/30/81 16 Alexander 5/A

subject to considerable uncertainty as the supplementary information
points out. By requiring each major element in the waste isclation
system to independently meet certain performance objectives, the
proposed rule breaks the problem down into more manageable parts and
&llows for uncertainties in the performance of some components."
No commenters supported the third altefnétive, the use of numerical criteria
for engineering attributes of the system. The NRC staff cthidefs that alternative
two, based on minimum pérformance standards, aéhieves the best balance betwéén
the need to compensate for uncertainties in demdnstrating compliance with thé
EPA standard in the licensing process and the need to’préserve flexibilfty for

the designer.

I11. Selection of the Major Barriers

The staff considered three alternatives for régd1ation of theﬁsystem of barriers:

-

1. Rely entirely on the natural barriers of the site to meet the system perform-

ance standard;

2. Rely entirely on engineered barriers to meet the system beﬁformance standard;

and

3. Rely on & combination of engineered and natural barriers to meet the system

performancg_s;andard.

In considering the aitéfnati@es the staff gave particu1ir emphasis to reducing

or 1imiting uncertainty ih assessment of system performance over the long term.
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The first alternative, that of total relfance on the site for fsolation, has a
straightforward rationale: if a geologic formation has been undisturbed for

many millions of years, there is reason to believe that it will remain undisturbed
fnto the future even if it is mildly disturbed by placing waste in it. In
principle, isolation by the geologic medium can be accomplished by placing the
waste at depth in a tectonically, hydrologically and mechanically stable medium
that is essentially free of and isolated from mobile groundwater. In addition,
the medium would be capéble of absorbing radiation and diffusing heat without
impairing the integrity of the formatian. _

Large areas of the North American continent have been tectonically stable for
millions of years. Moreover, some of these stabie areas contain geologically
old rock salt formations that are deep enough and thick enough to be able to
host a geologic repository. Because salt is highly soluble in water, the very
existence of an old salt formation suggests that it has been isolated from mobile
groundwater for a long time. Other rock formations such as shale or granite

can have low enough intrinsic permeabilities to be able to host a repository

and can also be found in these stable areas.

Certain natural analogues also seem to suggest that geologic formations can be
found that can aeffectively isolate the waste. Most uranium ore deposits in

the United Statéé Qere formed many millions of years ago at sites having peculiar
geologic and geochemical conditions. During the time since formation, radio-
nuclides from these deposits have dispersad only very slowly. Although high-

level radioactive waste contains many radionuclides that are not found in uranium
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~ore, another natural analogue, at Oklo, in Gabon, West Africa, suggests that
such additional radionuciides might be isolated by the geologic medium
(Cowan, 1976).

About 1.8 billion years ago, criticality occurred in a uranium ore deposit at
Oklo. Fission of U~235 in this natural reactor produced the full spectrum of
radionuclides found in high-level radicactive waste. With the exception of
some of the fission products, 1ittle migration of radionuclides appears to have
occurred even though the reaction stopped more than a billion years ago.

These are the types of considerations that originally led to consideration of

geologic disposal for permanent isolation of high-level wastes.

There are two major uncertainties involved with adopting alternative one for
regulation of the system of barriers: (1) construction of the repository and
emplacement of the wéstes disturbs the natural systems in a number of ways that
are difficult to evaluate and that have the potential to compromise the ability
of the site to isolate wastes; and (2) our ability to characterize and rigorously
predict the performance of the large regional hydroclogic and geologic systems

depended -on for isolation 1s relatively limited.

Bredehoeft and others (1978) observe that perturbations Eesulting from the
emplacement of waste will affect the host rock and fncluded water for a long
time. They identify three distinct types of perturbation: (1) stress and
mechanical effects from excavation, (2) chemical effects from changes to the
chemical equilibrium by adding the waste, and (3) thermal effects from the

‘decay heat generated by the emplaced waste.
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The hydrologic flow at a site can be affected by the following: (1) creation

and circulation of convection cells; (2) induced pressure gradients; (3) decreased
viscosity; (4) changes in the bulk permeability of the rocks; (5) changes in

the rock stress field; and (6) changes to solubility characteristics. Each of
these will be affected by the thermal load that will result from waste emplacement

(Bredehoeft and others, 1978; DOE, 1979, 1980).

A number of chemical reactions can occur that are significant with respect to
repository performance: hydration, dehydration, formation of strong'acids,
sorption, solution, buffering reactions, reactions that produce gasses, reactions
that produce volume changes, and the formation of concentrated brines in salt.
Each of these reactions will be affected by the temperature at which it occurs.
Heat breaks down hydratad minerals to release water and hot moving fluids may

alter existing minerals, causing changes in permeability.

In addition to the uncertainties that arise from perturbatfons of the site by
emplacement of waste, there will also be uncertainties in the characteristics
of the site. The characterization of geologic p;rameters can be a difficult
task. Quastions arise regarding the transferability of data from one site to
another. Considerable difficulty often arises in characterizing and guantifying

{mportant geologic conditions or features.
With respect to geomechanical characterization, there are limitations in tasting

and exploration technology. In characterizing the thermal and mechanical response

of the rock mass, the rock's thermomechanical properties, time-dependent properties,
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the distribution and the inf]uence of fractures, potential for movement of gaseous
or liquid inciusions determination of in situ stress the veiidation of laboratory
and in situ experiments and the development of instrumentation for monitoring

present particu]ar difficulty (wWawersik, 1978).

In the groundweter system, fieid techniques for measuring and characterizing
important paremeters such as hydrauiic conductivities in tight rocks, dispersion.
and fracture “low are neither well developed nor well understood, IEC (1979),

Golder (1977).

Sensitivity analyses done by Heckman and others (1979) shou that the geochemicai
system {s a critical site component in {solating waste. However, as discussed
by Isherwood (1978). it is the least understood‘ A wide disperity in our |
knowledge of the geochemistry of radionuc’: des exists EPA ad _hoc (1978). There
are some 30 to 45 sfgnificant radionuciide isotopes in spent fuel or high-levei
waste, Cloninger (1979), Heckman (1979), ADL (1979c). vOf these radionuclides,
the major potential contributors to radioiogicai dose (under more favorabiev
conditions) appear to be Tec-99, I 129, C- 14 Np= 237 and Ra-226 (Hi11, 1979;
ADL, 1979¢). Under less favorabie conditions where path length is short,
groundwater veiocity high or sorption low, other nuc]ides such as Sr-90, Sn4126
U-234, Pu 239 Pu 240, Am=243, and Cm-245 have been identified as being potentially
significant contributors to dose

The appiicabiiity of data obtained in 1aboratory experiments over short times

and using small sample sizes to geologic situations over long time periods and
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path lengths of kilometers has not been demonstrated, Serne (1977). Addition-
ally, little work has been done regarding retardation at elevated temperature.
Thus, 1ittle work i{s applicable to the disturbed zone of a repository. In the
field, the problem is compounded by having to define the behavior of a number
of nuclides, each with respect to a number of rocks, each of which must, in
turn, be taken in context of different groundwatar chemistries. Significant
variations in measured sorption in the same rock, but taken from different

depths in boreholes, have been reported (Erdal and others, 1978).

Members of the NRC staff visited five national laboratories during June, 1980
(see Robbins and others, 1980). During these visits, the staff investigatad
experimental work on geochemical retardation and found little progress in
reducing uncertainties in this area. While it is likaly that geochemical
retardation will contribute to waste isolation, the magnitude of its
contribution will be difficult to quantify ncw or in the foreseeable future,

based on current DOE programs.

In summary, emplacement of the waste will modify the mechanical, hydrological,
and chemical properties of the host rock through a variety of phenomena, some
which are as yet not entirely understood, and some which the data do not now
exist to adequately describe their effacts under expected repository conditions.
Also, which methods should be usad to obtain the site specific data needed to
assess the ability of a site to isolate wastes is still a point of discussion
within the scientific community. Thus, the NRC staff has concluded that the

undertainties associated with the prediction of site performance are likely to
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be so great that it would be difficult to conclude a 1icensing proceeding.\and
that independent criteria are needed to allow the Commission to find that ther

is reasonable assurance that the health and safety of the public are protected.

The second alternative, that of relying on engineered barriers alone to meet

the overall system performance objectives, has the advantage of being less
dependent on site related characteristics, with their associated uncertainties.
Under this alternative, the waste disposai system would be designed,to incorporate
very leach resistant waste forms, high integrity packages capab!é of-containing
the wastes for long periods of time, sorptive backfills capable of retarding
nuc1i&§ migration, and low permeability plugs and seals that prevent intrusion

of groundwater and release of radionuclides.

Engfneered barriers have the advantage that materials can be selected and barriers
can be designed to perform specific functions. Once designed, prototypes can

be set up and tested under conditions that provide increased assurance that

the design objective will be met. Finally, engineered barriers can be fabricate&
and emplaced under rigorous standards of quality assurance to increase confidence
they will perform as designed. On the other hand, with geologic systems, it

is hard to know for sure what the system even is, since much of the information
nust be obtained indirectly. in addition, it is dffficu!t to characterize the
propertieé of tﬁé‘geologicvﬁaterials‘we-;re dealing with, even when they are
accessible for testing. To this {is added the difffculty of predicting how natural

systems will perform to isolate the waste. Therefore, it is possible in theory
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to obtain a relatively higher degree of confidence by replacing the isolation

capability of the site with reliance on engineered barriers.

It is impossible, however, to make the engineered system entirely independent
of the site, since the site provides the environment in which the engineered
system is constructed. Further, there are also uncertainties fnvolved with
assessing the performance of the engineerad barriers under conditions affected
by the emplacement of the waste and over the long periods requiresd fqr isolation

of high level wastas.

The third alternative, that of supplementing the isolation capability of the
geology with engineered barriers that are designed to contain the waste for a
period and then control the rate at which radionuc]idés are released, has the
advantages of both the preceding alternatives. In addition, the use of

engineered barriers can provide the means of compensating for the uncertainty

in our ability to assass isolation of the wastes by the sits.

Others who have considered the problem of geologic disposal have reached
similar conclusions. Bredehoeft and others (1978) point out that the waste
form, the host rock, and the groundwater flow path provide potential barriers.
ADL (1979b) suggests four principal barriers: the waste form, the container
in which the waste form is packaged, the geologic environment, and adsorptive
phencmena in the geologic environment. Ringwood (1978) describes essentially
the same barriers as ADL (1979b), but considers adsorptive phenomena to be a

part of what he calls the geologic barrier.
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‘The NRC staff finds that the physical nature of the problem lends itself to
classification of the major barriers as the waste package, the underground
facility, and the geologic setting. In this scheme the geo1ogié setting is
equivalent to Ringwood's geologic barrier and the waste package fs equivalent

to ADL's waste form and container considered as a system. In'identifying the
“underground facility as a potential major barrier, the NRC staff has recognized
the need for careful excavation of the repository to avoid creation of pathways

to the biosphere and the potential for placement of additional engineered barriers

in the underground excavation before sealing of the repository.

The uncertainties in evaluating the performance of the system caused by emplacement
of the waste are to a large degree time dependent. Many of the perturbations

that are expected to occur are the result of the increased temperature in the

host rock due to radioactive decay heat. Temperatures peak and begin to fall

within the first few hundred years after the waste has been emplaced (ADL, 1S79b).
During the same period total radioactivity of the waste decays by several orders

of magnitude (ADL, 1979a). As the temperature decreases, many of the uncertainties
in near-field behavior decrease as well. The decrease in total radiocactivity

represents a decrease in the source term available to be released as well.

Our approach, for iais initial period of high temperatures and radionuclide
inventory is to contain the wastes within a corrosfon resistant package that
confines the radionuclides within a phy#ica1 boundary. Such "waste packages"
can be designed to provide assurance of their ability to perform to specifica-

tions under anticipated near field conditions. Thus, this alternative provides
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a reasonably verifiable barrier to compensate for geologic:uncertainty during
the period when the specific activity of the waste is high and the perturbations

of the natural systems are large.

Engineered barriers can also be designed to Timit the rate at which radioactive
materials are released from the engineered system after the containment period
and thereby supplement the geologic system in 1imiting the rate of release to

the environment.

The rate at which radionuclides are released to the sita can be limited by using
waste forms and overpacks that l1imit releases from the package to some maximum
rate; by emplacing materials (e.g., backfill) around the waste that have chemical
propertias that retard or inhibit radionuclide transport; or by some combination
of the above. Either way, in principle, the source term to the geolegic system
can be maintained at a low level and can be tested to verify release rates under

anticipataed conditions.

The NRC staff has considered these three alternative approaches to selecting
the major barriers in 1ight of their ability to compensate for uncertainty in

assessing system performance without unduly constraining system design.

Alternative three, that of supplementing the isolation capability of the site
with engineered barriers, is considered by the NRC staff to be superior in that
it allows the flexibility of a combination of, engineered and natural barriers

that compensates for the major sources of uncertainty in the natural system.
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This approach has alsc been adopted by DOE in its program for geologic disposal
of high level radiocactive wastes (DOE 1980). |

In arriving at its conclusion the NRC staff received important guidance from
peer reviews by the Keystone. Radioactive Waste Discussion Group and a panel of
earth scientists convened by the University of Arizona. The sense of both groups
was in agreement with a sﬁbdivision of the repository system into three major
barriers: waste packages, the engineered underground facility, and the geologic
environment. The Keystone group suggested that the entire‘enginéereﬁ system
should be considered the barrfer which 1imits the rate of release of waste.
Following their suggestion, the NRC staff decided to set a long-term release

rate for the underground facility and waste packages working together as opposed
to a release rate for the waste form alone. Both workshops emphasized the

importance of a program of testing and verification to evaluate barrier performance.

IV. Major Barrier Performance

The next fssue considered by the NRC staff was "What minimum performance criteria
should be set for the major natural and engineered barriers in light of the
uncertainties in predicting system performance over long periods of time under

repository conditions?"

For the purpose of assessing repository performance, the multiple barriers are
treated as a series of elements that form the repository system.  For a given

initial inventory, the overall performance of a geologic repository with respect

dro_ drecrdte.
to releases %o the biosfpher:%‘:ﬁm(e? by three characteristics: (1) the
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length of time after closure during which radionuclides are contained, (2) the
time over which radionuclides are released from the sngineered system after
containment fails, and (3) the travel time through the geologic setting for

" radionuclides to reach the biosphere (see Burkholder, 1976; DOE, 1979; Cloninger,
1979). The effects of disruptive events on system performance can be considered

in tarms of reducing these times.

The performance of the individual barriers can also be specified in terms of
these three characteristics. The performance of waste packages or the under-
ground facility {s determined by specification of a containment time and a
fractional release rate that is equal to the reciprocal of the release time.
Site performance is determined by the travel time. Thus, all of the major
barrier performance standards can be specified in terms of an appropriately
chosan containment time, release rate, and travel time.

In order to evaluate reasonable minimum performance criteria for the individual
barriers, we next considered in more detail the properties of the wastes as a
function of time and the uncertainties associatad with containment and isolation

of high level wastes.

As notad earlier, thermal effacts of decay heat generated by the waste are one
of the principalvéauses of dncertainty in predicting the performance of the
repository system. These have also been assessed in our consideration of

performance objectives for the major barriers.
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Several investigators have calculated the temperature distribution in space"
and time that would result from waste emplacement (see for example DOE, 1979;
Wang and others, 1979; ADL, 1979b). Figures 1 through 9 have been taken from
ADL (1979b) to illustrate the following qualitative characteristics of temperature |
distributions of a geologic repository for HLW:

~1.  The magnitude of the maximum temperature at the canister mid-plane and

the time at which it is reached depend on the age of the waste before burial
(Fig. S), the planar heat density (Fig. 6), and the fuel cycle (Fig. 8).

On the other hand, the magnitude of the maximum temperature and the time

at which it occurs are relatively independent of the host rock type (See
Fig.4).

2. The maximum temperature of the repository as a whole is reached during
the period 100 to 500 years after emplacement and near maximum temperatures
persist for a few hundred more years (See Fig. 4). Aged wastes and wastes
with a higher concentration of long-1ived materials (Mixed oxide and throwaway
fuel cycles), reach maximum temperatures at the later times (See Figs. 5

and-8).

3. Maximum temperature gradients in the host rock occur within 100 years for

all fuel cycles and host rocks.
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4. After 1,000 years, both temperatures and thermal gradients in the repository
have peaked and are decreasing for all fuel cycles, and by 10,000 years,

temperatures and thermal gradients are near pre-emplacement conditions.

Table 1 is from ADL (1979a) and shows the differencas between the general characterist®
of HLW generated by the each of three fuel cycles. Because of these differences,

the time behavior of'the waste characteristics also differ from one fuel cycle

to another.

ADL (19793) has characterized the source term as a function of decay time for
HLW from each of the three fuel cycles. The results of their calculations are

displayed graphically in Figures 10-15. For each fuel cycle, the following
data are plotted:

1. Radioactivity versus decay time (Figures 10-12); and
2. Decay heat generation versus decay time (Figures 13-15).

In all cases the fuel was assumed to have been irradiated in a pressurized
watar reactor (PWR) rather than a boiling water reactor (BWR) because PWR fuel
is irradiated to a higher burnup before refueling. Higher burnups yield
higher fission product inventories per unit of fuel, and therefore provide an
upper bound on the rédioactivity and decay heat rates from a light water

reactor.
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Examination of Figures 10-15 1eads to the following observations:

1. In all cycles for the first few hundred years,'the fission product activity
is the principal contributor to the tota]'radioact1§1ty;' Sr=90 and
Cs-137 are the principal contributors to the fission product activity.

2. The radiocactivity levels, and the decay heat generation are similar for
all three fuel cycles during the first few hundred years. “This is because
fission prﬁduct activity per unit of energy prdduced is 1ar§e1y'1ndependent
of fuel cycle.

3. The actinides become the dominant isotopes after the first few hundred
years. Differences in actinide content in the waste’from the three fuel

cycles then cause significant differences in the properties of the wastes.

4. During the first 1000 years, the radiocactivity, and decay heat generation
rate of the fission products in the wastes decrease by five to six orders

of magnitude and then level off.
5. During the first 1000 years, the radfoactivity, and decay heat generation

rate of the wastes from the three fuel cycles decrease by three orders of

magnitude.
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(1) Waste Package Performance

In 1ight of the above information on repository thermal conditions and
waste characteristics as a function of time, the staff examined a range

of containment times as performance objectives for the design of the waste
package. Our objective is to require the waste package to be designed to
contain the wastes during the period when the perturbations in the near
field due to emplacement of the waste are large and would cause unacceptably
large uncertainty in our ability to predict waste isolation performance.
_OQur intent is that during this period the waste would be contained within
the waste packages. We examined the following alternatives for the waste

package containment time:

(i) 300 years;

(ii) 1,000 years; and
(ii1) 10,000 years.

(i) Containment of the wastes for 300 years, as suggested by DOE in its
comments on our Advance Notice of Proposed Rulemaking, would prevent
releases from occurring until the bulk of the fission products wouild
have disappeared by decay and the heat generation rates will have

decreased by about 2 orders of magnitude for wastes from all fuel

cycles. Containment for 300 years is within the range that DOE is
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considering for repositories in bedded salt and appears to be achievable

at reasonab1e‘cost (Magnani and Braithwaite, 1980).

A minimum containment time of 300 years has the disadvantage, however,

'that packeges fail and releases begin to“occur when temperatures in

tr« repository are near their peak' and when the thermaT gradients
that provide the driving force for convective transport are still

relatively high. Under these conditions of high temperature and high

" thermal gradients, hydrothermal reactions of the waste form and mineral

phase changes of the backfill materials and near-field host rock will
be most severe, and the leaching and transbort o%’radtonuclides through
the underground facility will be most difficultlto evalute. A contain-
ment time of 300 years presents considerable uncertainty in the predic-
tion of the releases from the underground fac11ity which constitute

the source term for the far field transport models due to the effects
of temoerature on leach rate, nydrOIogic f1owpaths viscosity, rock

permeability and geochemistry.

Contafinment for 1, 000 years'uould preuent'releases from occurring
until the fission products w111 have essent1a11y d1sappeared and decay

heat generation rates will have decreased by three orders of magnitude.

.‘More 1nportant1y, containment for 1 000 years has the effect of delaying

releases ontil temperatures in the underground faci]ity are past their
peak and are decreasing and until thermal gradients in the underground

facility and surrounding rock have decreased substantially from the
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first few hundred years. Lower temperature and temperature gradients
allow release rates and radionuclide migration rates to be pradicted
with greater confidence under these conditions. Containment for
1,000 years also requires only extrapolation by a small factor beyond
what DOE has already been considering for repositories in bedded salt

(Magnani and Braithwaite, 1980).

Containment for 10,000 years would prevent raleases from occuring

until the bulk of the fission products and some intermediate-lived
transuranics (e.g., Am=241, half life 450 yr) would have decayed to
neg]tgib]e levels. Heat generation rates would have decreased by

over four orders of magnitude and temperatures and thermal gradients’
in the repository and host rock would have nearly returned to pre-waste
emplacement conditions. Under these conditions, we consider that

many of the transport processes can be modeled with some confidence

and analoges between the transport of actinides and their daughters

and migration from ore bodies are more reasonable. However, design

of a package to contain wastes for 10,000 years requires a considerable
extrapolation beyond those concepts DOE has considered in the past

and for which any tast information exists. Costs for such a package
are uncertain and may not be justified by the reduction in uncertainty

that might be achieved.
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The staff considers that a containment requirement for the waste package of
300 years {s insufficient to increase confidence in long-term performance predic-

tions. If packages fail and migration begins after 300 years, in order to

.. evaluate overall performance, it will be necessary to consider transport from

the waste packages through the disturbed zone under environmental conditions
that will make éalculation of the source term for the tranSpoft through the
geologic setting highly uncertain. 0On the other hand, containment for 10,000
years would delay the onset of radionuclide migration until temperatures and
temperature gradients in the disturbed zone had returned to neaﬁ'pré;emp1ACement
conditions, and the source term for migration could be predicted with much less
uncertainty. The staff considers that if containment for 10,000 years could

be achieved, it would reduce uncertainty in predicfion of long-term parformance
by reducing the source term available for migration; by better control of the

. chemical form of the waste when migration begins; and by delaying the sfart of
migration until tﬁe perturbations in the geologic environment due to temperature
have substantially decreased. At present the amount of the reduction in
uncertainty cannot be quantified and the costs to-achive containment for

10,000 years are very tenuous. However, the staff considers that DOE should

be encouraged to investigate the practicality of a package with a 10,000 year
life. Therefore, we have framed our performance objective for the waste package
such that DOE {s required to design the package to provide reasonable assurance
of containment %65 at least.l.ooo years and as long &s is reasonably achievable
thereafter. We consider that containment for: 1,000 years will substantially
reduce the hazard associated with a release from the package and will increase

our confidence in our ability to evaluate the effectiveness of the disposal
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system to maintain releases to the environment to within the EPA standard. We
further consider that such a requirement is achievable at reasonable cost by a
reasonably straightforward extrapolation of current DOE programs. However, we
consider containment for periods as long as 10,000 years to be a desirable goal
and consider that DOE should continue to develop information on the performance
and costs of packages for long-term containment and to include them in the
repository system if found to be reasonably achievable.” Since specific designs
that would result in a favorable licensing decision are not available now or
11kely to be available in the near future, we do not consider that a detailed
balancing of costs and benefits of longer lived packages can reasonably be

performed now, but should be considered by DOE in its application.

(2) Long-Term Performance Objective for the Engineered System __ .

In order to evaluate reasonable minimum performance objectives for the engineered
system after the initial period of containment, the NRC staff evaluated the

following information.

In the Draft Generic Environmental Impact Statement on Management of Commercially
Generated Radioactive Waste (GEIS) (DOE, 1979), DOE evaluates the lifetime (50 yr)
accumulated total body doses to maximum individuals as a function of time of
release and release rate for spent fuel and reprocassed U0, wastes. The
calculations aré_pérformed for a repository that has a 100-year water transit
time to the environment and employs sorption equilibrium constants (Kds) typical
of subsoils at the Hanford site. The calculations show that for approximately

the first 1000 years after breach of containment, lifetime doses to the maximum
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individua]vare.approximately proportiocnal to the release rate (leach rate).
For individuals eﬁposediene million years after breach of containment, the
release rate showed little effect on lifetime dose because doses were due to
daughters of U-238 which had been entirely released during the previous one

million year peried.

Cloninger (1979) calculated potential dose to individuals who may be exposed
to radioactivity released from a repository in salt via a groundwater leach/
‘transport pathway. A sensitivity analysis was performed of»the waste form
leach rate, the delay prior to groundwater contact with the waste, aquifer
flow velocity and flow pathlength. He concluded that even for a site with
fairly good hydrologic characteristics, there s benefit in providing a leach
resistant waste form or some equivalent engineered system_that will limit the
rate of release of the nuclides into the flowing grouedwater. The results
also show that for a well intrusion event, reduced leach rate causes a

significant reductieq in the lifetime dose commitment to the maximum individual.

The NRC staff has calcuiated the effect of the annual release rate on the fraction
of long-1lived nuclides released from a repository system (white, et ai , 1979).
Limiting the reiease rate frqm the engineered system compensates for uncertainty
in therprediction of long term performance Eyvreducing the source term that is
available for treﬁsport'thrddgh the hydroiogic systems. The calculations show
that annual release,ratesiinrtheVraﬁge'of 1075 to 1077 per year result in a

significant reduction in the fraction of several environmentally significant
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Tong-lived isotopes that could potentially be released from the repository,

which could result in corresponding reductions in population doses.

Based on the above considerations, the NRC staff considered the follewing alter— -

natives for the criterion for the release rate from the:- engineered system after

the containment period:

(i) a range of 1073 to 10 4/yr, which is typical of leach rates of many

borosilicate glasses at low temperature;
(ii) a release rate of 10 3/yr; and
(i11) a release rate of 10 7/yr.

(i) Typical leach rates of borosilicate glasses being tested by DOE are in
the range of 10 % to 10 ® g/cm®/day (Weed and others, 1980). It is expected
that the glasses will crack due to thermal and mechanical stresses during
heating and cooling in the repository to fragments on the order of ten
centimeters on a side. These parameters result in a range of annual release
rates of 10 3 to 10 ¢ of the waste inventory. Dissolution rate of UQ,
fuel pellets in simulated repository groundwaters are also in this range.
Thus, annuai.re1ease rétes after package failure of 10 3 to 10 ¢ of the
waste inventory appear achievablie based on current DOE programs, considering
the leach rate of the waste form as the only engineered barrier contrelling

the relesase rate. However, an annual release rate of 1073 to 10 4 of the
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waste inventory is insufficient to achieve much reduction in the quantities

of long-1ived material that would be released, and we would still be in

- the posftion of relying almost entirely on the geclogy and the far field

- geochemistry to provide isolation for the long-1ived radionuciides in the

(11)

waste.

Leach rates of high-temperature nepheline syenite glasses are 2 to 3 orders
of magnitude lower than borosilicate glass (Walton and Merritt, 1980), as
are leach rates of a number of ceramic and composite materials being

considered by DOE for high-level waste forms. Some newly developed boro-

-s11icate glasses may fall into this range also. In addition, Nowak (1980)

has described commonly available clay backfill materials that have the

potential to delay breakthrough of Pu and other transuranics for 10,000

- to 100,000 years. We consfder that, based on technology currently being

developed by DOE, annual release rates of 10”5 of the waste inventory are

achievable at reasonable cost using combinaticns of waste forms and engineered

barriers. In addition, a release rate after containment fajlure of 1078
of the waste inventory per year, while not adequate to {isolate waste on
its own merit, is long enough that significant decay of long 1{ved species
takes place before release. This 1imit will contribute to reducing doses

to both populatfons and the maximum individual, and will substantially

reduce our relfance on less certain geochemical retardation to limit releases

to the accessible environment.
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(iii)An annual release rate of 1077 of the waste inventory after containment
failure will reduce doses to individuals and releases to very low levels
with 1ittle or no reliance on geochemical retardation. An engineered system
that could meet this criterion would best satisfy our objective of reducing
reliance on being able to characterize and model the behavior of the far-field
geochemical system and placing reliance on known materials whose properties
can be controlled and tested. However, DOE has not yet demonstrated whether

such a release rate is achievable and the costs are very uncertain.

The staff considers that an annual rslease rate after package failure in the
range 10 3 to 10 ¢ of the package inventory is insufficient to achieve our
objectives, since 1ittle reduction is achieved in the quantity of long lived
radioaciive material that would be released, and the repository system would
rely almost entirely on the site to provide long term isolation. The staff
considers that if an annual release rate from the engineered system as low as
10°7 of the package inventory at 1000 years could be achieved, it would
compensate for uncertainty in the calculation of the transport of radionuclides
through the groundwater pathway by limiting the source term to a relatively

low value. Maintaining the release rate at a value this low would result in
decay of most radfonuclides within the engineered system. At present the
amount of the reduction in uncertainty cannot be quantified, and the costs to
achieve a release rate this low are very uncertain. However, the staff considers
that DOE should be encouraged to investigate the practicality of maintaining
release rates at very low levels. Therefore, the staff developed a minimum

performance objective of an annual release rate no larger than 10" % of the
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package inventory and as long as is reasonably achievable thereafter. We
consider that a release rate of 1078 per year is low enough that appreciable
benefit will be gained by radioactive decay before release, and is achievable
at reasonable cost by methods currently being developed by'DdE. However we’
consider a r:.:ease rate of as low as 10 7 per year to be a desirable goal and
consider that DOE should continue to develop information on materials and costs
to achieve such low release rates and should include them in the repository

system if found to be reasonably achievable.

(3) Minimum Performance Objectives and Required Characteristics for the Geologic ... .
Setting —

Engineered barriers designed to minimum performance standards can provide reason-
able assurance that the overall performance objective of the HLW disposal system
will be met for an initial period of time. After containment failure, engineered
barriers can be designed to 1imit the rate of release of radicactive materials

from the repository.

However, ‘once materials are released from the engineered system, the site must
provide whatever additional isolation is needed in order tc meet environmental
standards. Relfance on the geology to provide one of the major barriers to
releases also ihféoduces diQersity into the waste disposal system that can
compensate, in part; for any unanticipated failures of the engineered system,
as well as acting as one of the system barriers. The geologié setting is

characterized by a varfety of parameters that could themselves be regulated.
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Examples of such parameters that could be considered are permeability, inter-
stitial groundwater velocity, and equilibrium sorption coefficients, to name a
few. However, all of these parameters combine to determine two characteristics
of the geologic setting, assuming radionuclides have escaped the engineered
system: (1) the transport time of groundwater from the underground facility

to the accessible environment and (2) the transport time of individual radio-
nuclides from the underground facility to the accassible environment. The
second characteristic ﬂiffers from the first in that it takes into account the
geochemical characteristic of the medium and accounts for retardatioﬁ of the

nuclides by precipitation and ion exchange.

Based on the above, we considered three alternatives for setting performance

objective for the geologic setting:

(i) require the nuclide travel times from the underground facility to
the accessible environment under repository conditions to exceed some

minimum value;

(ii) require the groundwater travel time for the undisturbed geologic

setting to exceed some minimum value; and

(iii1) not specify a minimum value but simply require the geologic setting
to provide whatever margin is needed to complement the engineared
barriars to ensure that the overall parformance criterion for the

disposal system is met.
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In order to implement a requirement of the type that the geologic

setting provides & minimum nuclide travel time, it would be required

that a mode! for the hydrogeologic system be developed that could

predict the behavior of the flow system and the geochémical system
under the thermal field of the repository, and of the far field

geochemical system. Such a model would be subject to many of the

same types of uncertainties that modeling of the entire disposal

system involves. A performance objective of this type would not
achieve our regulatory objective of bounding or eliminétinﬁ
uncertainty in the analysis and increasing confidence in the

performance of the system.

A requirement that the undisturbed geologic setting provide a minimum
travel time to the accessible environment avoids the need to model

the thermal effect or the hydrologic system and the geochemical impacts
of nuclide transport. It requires only the measurement of parameters
and modeling of aguifer flow that is commonly done in water resource

analyses. Computer codes for these types of ana1yses are commonly

" used by the USGS and in the of1 1ndustry.  Some uncertainty will result

because the number of boreholes for measuring permeabilities and hydrau-

1ic heads will be 1imited because of the desire to preserve the integrity

of the site, but the uncertainty will be less when compared to measuring

geochemical parameters and modeling nuclide transport. The objective
of this requirement is that for the long term when the site plays a

major role in isolation, the perturbations due to emplacement of the
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waste will have died down, and the site can be realied on with greater
confidence to provide isolation. In order for this to be a useful
approach for regulating repository performance, the geologic setting
must be stable to provide confidence that waste will continue to be
isolated. Also a complementary requirement is needed on the engineered
system. This requirement is that the underground facility not provide
a preferential pathway that bypasses or short circuits the hydrologic

flow system, providing a direct pathway to the accessible environment.

A requirement that the geologic setting provide whataver margin is
needed to ensure that the overall system performance criterion is

met is an implicit performance requirement, since this would always

be required. It is subject to the same uncertainties as alternative
(i), since it would require an assassment of overall system performance.
Also, this alternative does not in any way bound or reduce uncertainty
in predicting the performance of the system and does not increase

confidence that the overall performance objectives will be met.

Based on the above reasoning, we have selected alternative (ii) as the framework

for establishing performance objective for the geologic setting. We next

considered what the minimum travel time should be.

Travel times of a hundred years or less would require considerable reliance on

the geochemical system to ensure that the overall performance objective for

the system is met. While geochemical retardation is expected to be a strong

factor in providing waste isolation, there will be considerable uncertainty in
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the magnitude of its contributfon. This uncertainty results from the fact that
it {s very difficult to know how much geochemical retardation will occur. There
is currently no agreement~ambng the scientific communify on how such an evaluation
can be made. A rigorous, agreed on correlation between laboratory data and
real site performance doesn't yet exist. This would likely be a major source

of contentfon in a licensing proceeding. A travel time of only one hundred
years does not provide -any margin to compensate for uncertainties. Also, from
groundwater dating studies, travel times well in excess of 100 years are known
to be achievable in a variety of hydrogeologic environments and Qe w5u1d not’
.consider a travel time for an unperturbed site as low as 100 years to be
suitable for & repository. We, therefore, considered longer times, viz 1,000

and 10,000 years.

A travel time for groundwater from tHe repository to the accessible environment
of 10,000 years would be sufficient for many shorter-lived nuclides to meet

the system's overall performance objectives with no reliance on site geochemistry.
For several long-lived nuclides, e.g., Pu-239, Tc-99,=sdme reliance on geochemical
retardation would be required, but considerable margin would exist between
equilibrium distribution coefficients (Kds) measured in the laboratory and actual
site geochemistry performance required to meet the release limits of the EPA
standard. We are uncertain, however, to what extent such a groundwater travel
time is aéhievahié. We do ﬁot want to rule out otherwise good repository sites
by unnecessarily restrictive requirements. However, this could be used as a

goal. .
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Groundwater travel times from repository depths to the accessible environment

of 1,000 years are achievable in many hydrologic systems. For a groundwater
travel time of 1,000 years, sorption equilibrium coefficients of 100 m1/g or
lass are sufficient to prevent most of the principal contributors to dose from
reaching the accessible environment. Sorption equilibrium coefficients measurad
in the laboratory for the actinides and other nuclides that are principal contri-
butors to dose are in the range of 102-104 ml/g, so that some margin is provided
to compensate for the uncertainty in actual values of Kd under repository
conditions. Because of the greater confidence in our ability to meaéure
hydraulic rather than geochemical parameters, and the conservatism that is
introduced, it seems prudent to select the watar travel time rather than Kd to
meet the overall performance standard. Therefore, we have framed our site
performance cbjective so that the travel time from the repository to the
accessible environment be at least 1,000 years and we intend that DOE consider

during site screening that sites with longer water travel time are preferred.

If sites with long enough water transport times are selected as potential
repository sites, some of the major uncertainty in site evaluaticn can be
resolved. Licensing issues will then mainiy be restricted to ensuring that
the proposed repository does not disrupt the hydrologic flow pathways such
that shorter travel times to the environment are created, and the adequacy of
engineered barriér§ dealing with disruptive events and natural processes that

could result in shorter flow pathways.
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V. Retrievability

In its Ticensing procedures for disposal of high-level radicactive waste in
geologic repositories, the NRC has adopted a step-by-step approach that

consists of four stages:

(1) Site characterization, during wh1ch detailed studies of alternative
candidate sites are conducted prior to selection of one of the sites for develop-

ment as a repository.

(2) Construction authorization, during which NRC reviews a license
application prior to construction that contains a detailed designh and analysis of
the performance of the repository based on the site specific information

obtained during site characterization.

(3) License application, when an applicatien for a 1icense to receive waste
at the facility is reviewed again prior to operation. At this time, the repbsitory
design and performance assessment are updated in 1ight of new information obtained

about the site during construction of the repository.

(4) Decommissioning, or permanent clesure, at which time an application
to terminate operations and seal the repository is submitted. The application
will again contéin'updated dnalyses of the pebformance of the repository in
light of: (1) information obtained about the site during the operation of the
repository; and (2) data collected about the performance of the engineered system

to verify that performance is within design limits.
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This step~by-step approach and continuing re-evaluation is consistent with earlier

recommendations of NAS (1979) and IRG (1979).

NAS (1979) has recommended that repository development "... be a continuing
process that includes evaluations of site suitability and satisfactory repository
performance before construction, reevaluations during construction and prior

to emplacement of wastes, and a final assessment before emplaced wastes are
committed to disposal. Corrective actions, including removal of emplaced wastes
and site abandonment, should be available options until final qualification

and closure of the repository."

At the decommissioning stage, the Commission will determine whether the DOE's
comprehensive program of testing, monitoring, and verification indicate that

the repository will work as planned. Unless the repository is designed to
preserve the option to retrieve the waste starting at any time prior to permanent
closure, an action reserved to the Commission could be foreclosed, and an unsafe

condition could be transmitted to future generations.

A number of the public comments on the draft criteria published with the NRC's
May 13, 1980 Advance Notice of Proposed Rulemaking addressed the issue of
retrievability. Several commenters suggested that retrievability be maintained
for a period of time after waste emplacement sufficient to conduct a monitoring
program of repository behavior. Most of those commenters suggested a period

of 10 to 15 years to be satisfactory for this purpose. One commenter (AIF)

suggested that retrievability be required only during the emplacement period
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and until all or a part of the waste disposal facility is defined as a permanent
repository. Several commenters interpreted the draft criteria to preclude

backfi11ing of the mined areas until decommissioning.

Along with the commenters, the NRC staff consfders that the option to retrieﬁe
the wastes must be preserved long enough to complete a program‘of honftoriné
and verification of‘repository'performance. "The design must also ensure that

~ the option is preserved long enough to permit a decision to decommission the
repository or take corrective actions based on the evaluation of?the-results

of the verification program, including the time required to retrieve all or
part of the wastes, {f shown to be necessary by the results of the monitdrfﬁg
program. Since some of the assumptions and issues, that will need to be verified
and. resolved by the monitoring program may not be identified until the underground -
facility is excavated, it is not possible to specffj;prior to construction
the content of the verification program or how long it will iaké. ‘We expect
the verification program to evolve throughout the cperating lifetime of the
repository.

On the other hand, important design decisions will need to be made prior t§
submitting an application. Some of these design decisions will affect the length
of time available to take corrective action or conduct retrieval, 1f found to

be necess#ry. %;; example,.tﬁe thermal loading of the waste in the emplacement
areas will affect the temperature of the host rock and the stability of the
underground structure. The items will have a large effect on the ability to

retrieve the wastes, since the structure could become too unstable or the rocks
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too hot to safely recover the wastes. Therefore we concluded that a retrievability

period must be chosan early in the design process to permit the design to go

forward.

The staff considered how long might be required to carry out a monitoring and
verification program that would provide the information to support a decision

to decommission the repository or to decide that some corrective action need

be taken. One of the key parameters that needs to be monitored is temperature.
Temperature is an important variable affecting package corrosion ratés, fluid
flow rates, geochemical reaction rates, stress in the rock mass and brine migration
rates in salt. For conceptual repository designs being considered by DOE in
slat, granite, shale and basalt, maximum rock temperatures in the underground
facility occur at approximately 35 years after emplacement for reprocessed wastes
and at 75 years after emplacement for disposal of spent fuel. By 100 years

after emplacement, near-field rock temperatures have started to slowly decrease

for both waste types in all four media.

Also, estimates of repository resaturation times for granite, basalt and shale
range from a few years to the order of 100 years (EPA 19800). Finally,
experimentally determined (Roedder and Belkin, 1980) and calculated (Cheung
1980) brine migration rates indicate that measurable quantities of brine would
accumulate in emﬁ]écement holes in a salt repository in a few decades. Thus,
within a period of about 50 years after termination of waste emplacement, it

is possible to obtain field measurements of the geochemical, hydrologic and
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- geochemical environment in the underground facility under what will likely be
the most severe repository conditions that will affect the waste packages and

engineered barriers.

4 monitoring period of only 10 to 15 years after emplacement, as suggested b§ ,
some of thg commenters, may not be sufficient to provide the information needed
to make a decision to decommission. The design must also allow for the time
required to thoroughly investigate problems that may be jdentified dgring the
monitoring program, to evaluate the results of the program, and io take corrective
actions, fncluding retrieval of part or all of the waste, {f found necessary.

The design of the facility must provide access for the time necessary to carry
out these operations or else the ability to conduct these activities may be:
precluded. Therefore, we have required that the repository be designed so that
the waste could be retrieved on & reasonable schedule starting at any time up

to 50 years after waste emplacement is compliete. We consider & resonable
schedule 1s one where the waste could be retrfeved in the same overall time

that the repository was constructed and wastes were emplaced. We do. not intend
to preclude a decision to decommission the repository before 50 years has elapsed,
if sufficient data are available to support an earlier decision, and if the
people charged with the decision to seal the repository are satisfied. However,
we do not want the underground facility design to be such that retrieval would

be so expensive or difficult or entail such high cccupational exposures that

the option is foreclosed and needed corrective actions cannot be taken.

Enclosure J



4/30/81 51 Alexander 5/A

Two commentars (AIChE, DOE) incorrectly inferred that the reguirement to design
the repository to preserve the option to retrieve the wastes would pass an expense -
and a responsibility on to future generations that should be borne by the present
generation. These commenters have misinterpreted our requirement. We only
require that the design of the repository preserve the option to retrieve the
wastes for future decision-makers. The persons in charge at the time emplacement
is compliete will have the opportunity to decide whether to decommission and

seal up the repository or to continue to monitor its performance. We only require
that the design be such that they have this option. We consider that if NRC's
requlations do not require that the option be preserved, there is a potential

to pass on to future generations an unsafe repository for which corrective actions
could be taken only at enormous costs both in dollars and in occupational radiation
exposures that far outweigh the costs to design the repository to praserve the
option to retrieve the wastes. Maintaining the option to retrieve thea wastes

does not entail keeping the mined areas open, although DOE may choose to do so

in some geologic media. A design in which the emplacement rooms were backfilled
and sealed, but corridors and shafts were kept open and surface handling facilities
were maintained could be acceptable, provided that the rooms could be remined

and the wastes removed, if necessary. Remining of the backfill should not be
precluded because of high temperatures or because it was needed for structural
stability. Trade-offs between keeping rooms open and ventilated, backfilling,

and areal heat densities are design options that DOE must consider in meeting

this requirement. Tﬁe proposed rule does not require that retrieval be the

reverse of emplacement. We can foresee no situation where protection of the

public health and safety would require the waste to be removed very rapidly.
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Rather, we envision that as the results of years of data collection and ana1ysis,
a decision is made that the site or design is not adequate to isolate- the wastes
for the long term, and corrective actions would be required.  These operations
could be performed over a period of yéars or decades without an imminent health
&nd §afety hazard. Therefore, the proposed rule reqdirés that if a decision to
retrieve is made, the design should be such that the inventory of wastes could
be removed in about the same number of years in which it was emplaced. We intend
- for DOE to have considerable flexibility in the design of the reposi;ory in -

-meeting these requirements.

A repository designed to permit retrieval of the waste has advantages in addition
- to the limiting case of preserving a Commission option to order abandonment of
the site at as late i stage as decommissioning.' From the time waste.emplacement
starts until decommissioning any of a variety of eventualities may require
corrective actfon. Examples might include repair or replacement of cannisters
that prove to have manufacturing defects, changes to more effective backfill,

or perhaps installatfon of additional barriers in the tunnels. Design of the
repository for retrievability of the waste assures that it will remain practical

to take corrective actions should they become necessary.
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Case

(1) Throwaway
Cycle

(2) Uranium Only
Recycle

(3) Mixed-Oxide
Recycle
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Table 1 (From ADL, 1979)

HIGH-LEVEL WASTE CHARACTERIZATION

Fission Product
Characterization

A1l fission products
and daughters

Al11 fission products
and daughters

Less

Some percentage of
1. Gaseous Elements

(Xe, XKr)

2. Volatile Elements
(I, Br)

3. Tritium

Same as (2)

Actinide
Characterization

Alexander 5/A

All actinides and
daughters

A1l actinides

and daughters
Less bulk of U
recycled. Pu
separated and
stored for future

usae (may be stored

contaminated with

fission products),
or may be made part

high=level wastes.

Same as (2),
except bulk

of Pu as well

as U is recycled.

Comments S
1. Potentially
most radiotoxic
high-lavel

waste per unit
fuel weight of
any LWR 00, or
mixed oxide
cases. (1-3)

Decay heat rate
per unit fuel
weight highest
of any of the
LWR UQ, or mixed
oxide cases (1-3

Least rafotoxic and
least heat-producing

1.

waste of cases (1-3).

Waste produced
from reprocessed
U0, assemblies
different (and
less radiotoxic
at longer
cooling times)
than that producec
from reprocessed
mixed-oxide
assemblies.

Potential radio-
toxicity at longer
cooling times fron
equilibrium mixed-
oxide cycle waste
per unit fuel weic¢
approaches that
of case 1.
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GLOSSARY OF TERMS

Accessible Environment - means those portions of the anvireoment directly in

contact with or readily available for use by human beings. It includes the
earth's atmosphere, the land surface, surface waters, and the oceans. It also
includes presently used potable aquifers and those which have been designated

as underground sources of drinking water by the Environmental Protection Agency.

Anticipated Processes and Events - means those natural processes and events that

are reasonably likely to occur during the period the intended performance objective
must be achieved and from which the design bases for the engineered system are

derived.

Barriar - means any material or structure that prevents or substantially delays

movement. of water or radionuclides.

Containment - means the act of keeping radiocactive waste within a designated

boundary.

Decommissioning or permanent closure - means final backfilling of subsurface
facilities, sealing of shafts, and decontamination and dismantlement of surface

facilities.

Enclosure J
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Disposal - means the fsolation of radioactive wastes from the biosphere.
Disturbed zone - means that portion of the geologic setting that is significantly
affected by construction of the subsurface facility or by the heat generated by

the emplacement of radioactive waste.

Engineered system - means the waste packages and the underground facility.

Far field - means the portion of the geologic setting that lies beyond the

disturbed zone.

Geologic repository - means a system for the disposal of radicactive wastes in

excavated geologic media. A geologic repository includes (1) the geologic

repository operations area, and (2) the geologic setting.

Geologic repository operations area - means an HLW facility that is part of a

geologic repository, including both surface and subsurface areas, where waste

handling activities are conducted.

Geologic setting or site - {s the spatially distributed geologic, hydrologic,

and geochemical systems that provide {solation of the radicactive waste.

High-level radioactive waste.or HLW - means (1) irradiated reactor fuel, (2)

liquid wastes resulting from the operation of the first cycle solvent extraction

Enclosure J
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system, or equivalent, and the concentrated wastes from subsequent extraction
cycles, or equivalent, in a facility for reprocessing irradiated reactor fuel,

and (3) solids into which such liquid wastes have been converted.

HLW facility - means a facility subject to the Ticensing and related regulatory

authority of the Commission pursuant to Sections 202(3) and 202(4) of the Energy
Reorganfization Act of 1974 (88 Stat 1244).

Host rock - means the geologic medium in which the waste is emplaced.

Hydrogeologic unit - means any soil or rock unit or subsurface zone that has a

distinct influence on the storage or movement of ground watar by virtue of its

porosity or permeability.
Isolation - means inhibiting the transport of radicactive material so that
amounts and concentrations of such material entering the accessible environment

will be kept within prescribed Timits.

Medium or geologic medium - is a body of rock characterized by lithologic

homogeneity.
Overpack - means any buffer material, recaptacle, wrapper, box or other structure,

that is both within and an integral part of a waste package. It encloses and

protects the waste form so as to meet the performance objectives.

Enclosure J
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Radiocactive waste or waste - means HLW and any othgr radioactive materials._other = -

than HLW that are received for emplacement in a geologic repository.

ite - means the geologic setting.

Site Characterization - means the program of exploration and research,_beth in-
the laboratory and in the field, undertaken to establisih the geologic conditions
and the ranges of those parameters of a parameters of a particular site relevant
to the procedures under this part. Site characterization includes a program of'
borings, surface excavations and borings, and in situ testing at depth needed to
determine the suitability of the sitg for a geologic repository, but does not
include preliminary borings and geophysical testing needed to decide whether site

characterization should be undertaken.
Stability - means that the nature and rates of natural processes such as erosion
and faulting have been and are projected to be such that their effects will not

Jeopardize {solation of the radioactive waste.

Subsurface facility - means the underground portions of the geologic repository

operations area including openings, backfill materials, shafts and boreholes as

well as shaft and borehole seals.

Transuranic wastes or TRU wastes - means radioactive waste containing alpha
emitting transuranic elements, with radicactive half-lives greater than one year,

in excess of 10 nanocuries per gram.

Enclosurg J
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Tribal organization - means a Tribal organzation as defined in the Indian

Seif-Determination and Education Assistanca Act (Public Law 93-638).

Underground facility - means the underground structure, including openings and

backfill materials, but excluding shafts, boreholes, and their seals.

Unrestricted area - means any area access to which is not contralled by the

1icensee for purposes of protection of individuals from exposure to radiation

and radioactive materials, and any area used for residential guarters.

Waste form - means the radioactive waste materials and_any encapsulating or

stabilizing materials, exclusive of containers.

Waste package - means the airtight, watertight, sealed container which includes

the waste form and any ancillary enclosures, including shielding, discrete

backfill and overpacks.

Enclosure J
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‘NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555
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May 26, 1981

OFFICE OF THE
COMMISSIONER

MEMO TO: Cheirman Hendrie

Commissioner Gilinsky
Commissioner Ahearne

- 'FROM: Peter A. Btadford

SUBJECT: SECY-81-267 10 CFR PART 60 - 'DISPOSAL OF HIGH LEVEL

RADIOACTIVE WASTES IN GEOLOGIC REPOSITORIES: TECHNICAL

CRITERIA"

The following are some suggested revisions to the subject

draft rule, Another set of more narrow and specific changes
will follow tomorrow.

1,

I would prefer to include Enclosure J as part of the document

that we publish. It seems incongruous to request public

comment on & rule of this sort without providing the reasoning

that justifies the fundamental choices to the prospective
commenters. However, if publication of Enclosure J is too
cumbersome, then the supplemental information needs to say
more than that "the rationale for the performance objectives

UNITED STATES o _ : /4 .rlc( Z

and environmental impact assessments supporting this rulemaking

are also avajilable in the Commission's public document room"
(page 3). 1Instead, it should state that the rationale and
the EIA have been published separately and are available
without charge to those writing to a named official at a
specific address.

I1f the foregoing suggestion is adopted, then I think that
the justification as given at pages 12-13 of Enclosure J
could be clarified. Specifically, I would propose striking
the last line of page 12 and the first eight lines of

page 13 and replacing t' =m as follows:

"The advantage of multiple independent barriers is

that, by ensuring that each one contributes some

measure of the necéssery isolation independently

from the others, they provide a redundancy that

gives greater assurance of isolation than would a

single performance standard. A single standard does

not require the designer to take a ntage of the —
conservatisms that are inherent id redund barriers
even when, as here, no one of the barriers is required

to be capable of meeting the EPA standard by itself.”

,Z¥é%%ﬁ%}t$7‘ Z(g-
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6.

‘arguably be incorrect.

T

The rule does not give any indication of what events NRC
considers to be likely or unlikely. 1In order that there may

- be meaningful comment, examples should be given of "antici-

pated processes and events" and unlikely processes and :
events. On page 4 of the Supplementel Information, the last
sentence should end with the phrase "consistently with the

EPA standard Eof-uniikt%y—events—‘—

G~ (.,7.14.‘./ X MWA .4.»-‘-

In Enclosure J, page 12, the characterization of alternative
1 for the regulatory approach as the "systems approach®

is quite misleading., That term as used by the IRG referred
to an approach to site location and characterization and to
repository design, not at all to the regulatory approach.

The systems approach as used by the IRG and DOE is compatible
with either regulatory option 1 or 2. Because the desirability
of adopting a systems approach to repository design and
siting has now been widely accepted, the Commission ocught not
to claim that its regulatory option is not consistent with
the systems approach, particularly since that claim could

-

As I now understand it, the statefftnt on page 45 of Enclosure J
that "it seems prudent to (select the water travel time rather
than K4, to—meetthe overall performance standard" is not quite
ght, That is, primary reliance may be on water travel time
but we are looking to the geochemistry as well., Wouldn't it
be better to state that (1) we expect the geclogic setting

at least to meet the EPA standard assuming that the waste
package and the engineered systems function as designed, (2)
that we expect at least a 1000-year travel time and a factor
of 10 from the geochemistry, and (3) that here, as with the
waste package and the engineered systems, ALARA principles

apply.

4

60.102(e), last sentence, page 31: "Decisions in the

licensing process take future events and processes into
account,”™ is quite unclear. I suspect it actually adds
nothing new to the paragraph and would best be dropped.

Williem J. Dircks,.
Samuel J. Chilky/
Dennis Rathbun
Leonard Bickwit
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May 28, 1981

COMMISSIONER

MEMO TO: Chairman Hendrie

Commissioner Gilinsky
Commissioner Ahearne
-

252@?
FROM: Peter A, ra ford

SUBJECT: SECY-81-267 10 CFR PART 60 - "DISPOSAL OF HIGH LEVEL

1.

2.

RADIOACTIVE WASTES IN GEOLOGIC REPOSITORIES: TECHNICAL
CRITERIA"

Below are additional comments on Part 60: . -

It is unclear what procedures would be used and who it is
that would decide thet waste must be retrieved. 1 would
suggest a brief section noting that waste may be retrieved
upon NRC approval of a DOE application or upon order by
NRC,

Page 60, Section 60.141(d): The second sentence should

be changed as follows: "If significant differences exist
between the measurements and observations and the original
design bases and assumptions, the need for modifications

to the design or in construction methods shall be determined
and these differences and the recommended changes reported
to the Commission.”

- Page 33, Section 60.111(b)(2)(ii)(A): The second sentence
should be changed as follows: "As a minimum, the design
sheall provide that, assuming anticipated processes and
events, the annual release from the engineered systems
into the geologic setting of any radionuclide does not
exceed...."

Page 53, Section 60.133(b)(ii): The first sentence should
be changed as follows: "At the time of permanent closure,
and for as long thereafter as reasonably achievable, sealed
shafts and boreholes will inhibit transport of radionuclides...."

Page. 35, Section 60.112(c): This section should be changed
as follows: "The geologic repository shall be located so
that pre-waste .emplacement groundwater travel times through
.the far field to the accessible environment are at least
1,000 years and for as long thereafter as is practical and
consistent with other safety features.”

W Zff-




10.

13.

cc:

Page 23, Section 60.10(d)(i & iii): 1If there is no
difference between "to the extent practicable®™ and "to
the extent practical,™ only one should be used.

"page 41, Section 60.124: I understand it is the staff's

intent that a, b, and ¢ must be demonstrated in order to
rebut the presumption that the geologic repositéory will not
meet the performance objectives. This should be made
explicit by inserting the word "and® after both Sect'ion

(2) and (b).

Page 43, Section 60.130(b)(3): This section should be
changed as follows: "The structures, systems, and components
important to safety shall be designed to [resist] withstand
dynamic effects that could result from equipment failure,
missile impacts...." )

Page 43, Section 60.130(b)(4): This section_should be

changed to read: "The structures, systems, and components
important to safety shall be designed [to reduce the potential
for impairment of their ability] to perform their safety
functions during and after fires or explosions in the geologic
repository operations area.” The bracketed language should

be omitted.

Page 47, Section 60.132(&)(1): This section should be changed

as follows: “"The underground facility sheall be designed so

as to perform its safety functions assuming [take into account]
interactions among the geologic setting, the underground
facility and the waste package.”

Page 51, Section 60.132(i)(3)(i): This section should be
changed as follows: "Backfill placed in the underground
facility shall (be compatible with] perform its function
assuming anticipated changes in the geologic setting.”

Page 53, Section 60. 133(b)(1) I suggest that this section
remain as it was originally written so that it would read:
"Shafts and boreholes will be sealed along their entire
length as soon as poss’'rle after they have served their
operational purpose.”

Page 26, Section 60.21(c)(3): The omitted language “"with
particular attention to the alternatives which would provide
longer"” should be reinserted. ‘

william J. Dircks
Samuel J. Chilk

‘ Dennis Rathbun

Leonard Bickwit
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NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555

May 28, 1981

OFFICE OF THE
SECRETARY

MEMORANDUM FOR: William J. Dircks, Executiyg,Director for Operations

FROM: _ Samuel J. Chilk, Secretary

’ !
SUBJECT: STAFF REQUIREMENTS - BRIERINE ON SECY-81-267 -
10 CFR 60, DISPOSAL OF HIGRYLEVEL RADIOACTIVE WASTES
IN GEOLOGIC REPOSITORIES: TECHNICAL CRITERIA,
10:05 A.M., WEDNESDAY, MAY 20, 1981, COMMISSIONERS'
CONFERENCE ROOM, D.C. OFFICE
(OPEN TO PUBLIC ATTENDANCE)

The staff continued their briefing of the Commission on the proposed rule on
Technical Criteria for High-Level Waste Repositories. Vol

The Commission asked the staff to rev1ew the definition of high-level waste
facility and the footnote on page 20 of the proposed rule to make sure that
the definitions are consistent. The staff should also include in the State-
me?t of Consideration a review of the type of facility to be covered by the
rule.

Chairman Hendrie requested the Staff to review the requirements in Subpart E
to determine if some of the language {i.e., pg. 33, (2)(i) "...the waste package
will contain all radionuclides for the first 1,000 vears. “) places an
impossible standard of proof upon DOE. The requirement shou]d be a reasonable
assurance (or other similar language) that all radionuclides will be contained.
Ihe ;taff]shou1d provide a recommendation as to how this idea can be expressed

n the rule

Chairman Hendrie requested the staff to review their intent with regard to
calculation of doses to members of the public and report back to the Commission
with a recommendation as to whether “...and will not result in significant
doses to any individual® can be eliminated from 1ines 7 and 8 of paragraph
(3)(11) on page 34. The staff should also review the division of responsi-
bilities between EPA and NRC with respect to dose standards to see if the

NRC has the authority to act in this area.

Commissioner Bradford indicated he would prepare a2 memorandum to the other

Commissioners to cover various points he wanted to raise. (This was
subsequently issued on May 26, 1981.) :



William J. Dircks -2~

Commissioner Ahearne asked the staff to consider asking for public comment
on how the EPA Standards for doses to the public from the HLW repository
should be treated in the NRC rule.

The Commission reached no decision at the méeting. The Chairman indicated -
that further consideration would be given to the proposed rule at a meeting
at a later date.

(Subsequently, a meeting was scheduled for Tuesday, June 2, 1981.)

cc: Chairman Hendrie
Commissioner Gilinsky
Commissioner Bradford
Commissioner Ahearne
Commission Staff Offices
Public Document Room
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Mr. John B, Martin, Director
Division of Waste Management

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Martin:

The Department has been following the recent series of Commission briefings
relative to issuance of the 10 CFR 60 technical criteria as a proposed rule
with great interest. As you know, the Department commented on the draft
criteria as they were published in the advance notice of rulemaking on

May 13, 1980. Our comments, provided in a letter dated July 15, 1980 and
discussed in many meetings between our respective staffs, raised both
general and special concerns. We are pleased to note that -many of our
comments have been addressed by your staff in the draft rule as it now
exists. However, we have not been able to reach agreement on certain major
fssues and now feel it imperative to elevate those of a2 fundamental

and major policy nature to the attention of NRC management.

Our principle objection to the draft regulation is that, given the present
state of knowledge, it is premature to set quantitative numerical values as
performance objectives, and particularly to constrain portions of the
total system without 2llowing for decistons which trade off component
performance for total system safety. We urge that your staff adopt an
approach that {s similar to and consistent with that of the EPA which 1is
based on total system performance. Further, we believe your rule should be
numerical only as can be supported by explicit technical data, again related -
to total system performance. Specifically, we object to the annual
fractional release rate and waste package containment time. The inherent
difficulties in demonstrating compliance with the criteria specified in the
May 13, 1980 draft continue to exist and have been exacerbated by the
deletion of the term "reasonable assurance" from the present draft. We
understand that the Commission has requested that the staff address this
omission in the proposed rule prior to publication. We believe that
explicit statement of the reasonable assurance test for compliance is
critical to ensure that actions taken under this regulation will be
subjected to a reasoned judicial review. Further, designing licensable
components (e.g. waste packages) will require that engineers have technical
evidentiary tests or standards of compliance as part of & complete set of
design criteria. The numerical limits on waste package lifetime and
repository release are particularly troublesome in terms of the feasibility
of establishing compliance tests and timely availability of such tests for
design purposes.
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The continued application of the one part in 105 annual release rate appears
to have little direct correlation to exposures that could be anticipated at
the accessible environment and. has been indiscrimately applied to all
{sotopes. By placing limits only on those radionuclides that present a
demonstrable hazard to man, for example, we would avoid having to expend

our limited research resources on (1? isotopes that are of low toxicity and
(2) elements that are present in such low quantities ‘as to present negligible
radiological hazard. Instead, those resources could be focused on improving
our compliance with "as low as reasonably achievable" releases of significant
nuclides. Preliminary calculations by the Department; based on the 1isting

. of isotopes provided in EPA's draft 40 CFR 191, Appendix B, indicate that
only the nuclides Pu, Np, Am, and “other alpha emitters*, present any
potentially significant hazard to the public from 2,000 to 10,000 years
post-disposal. - o

Although 2 number of the design and construction requirements have been
modified in the present draft, the Department still feels such criteria
would best be set forth in regulatory guides as a basis for licensing
review. .

Your recent proposed amendment to the Procedural Rule raised a new difficulty
which we have not had opportunity to discuss. -The Department would now be
required to calculate exposures for inclusion in the Safety Analysis

Report, but no guidance is provided as to (1) what acceptable exposures may
be, (2) what assumptions and site-specific mitigating factors may be

applied, and (3) what level of precision may be acceptable to the Commission.
Consequently, it is felt that the licensing process may be unnecessarily
protracted by debate over the related system safety objective.

The Department proposes the following changes to the draft rule:

o Specify general system performance objectives related, for example,
to exposures 1imits or curie release 1imits to the accessible
enviromment. Delete performance criteria for components of the
;efository system (waste package, waste form, etc.) as suggested

elow.

o Replace the specification of a 1000 year waste package with a design
objective that the Department provide reasonable assurance that the
"waste package will contain the wastes until temperature perturbations
in the vicinity of the wastes allow acceptable predictability of

repository and host rock function. .

o Modify the specification of the one part in 105 release rate for all
radionuclides to curie releases or to fractional releases of only
those radionuclides which have a potential for reaching the accessible
enviroment in biologically significant quantities.

o Provide for inclusion of site-specific mitigating factors (such as
geochemical retardation factors, ground water travel time, etc.) in
the calculation of overall system performance,

RS
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While we recognize that comments may be exchanged after the technical
criteria are published as a proposed rule, we submit that the wide range of
technical positions involved and the current state of the proposed EPA rule .
suggest that extending the period of “advanced notice* status for 10 CFR 60
would assure a profitable exchange of ideas among all parties involved.

The Department feels that the present rule should provide general performance
objectives rather than specific quantitative 1imits which may need to be
restructured as the technology develops. Regulatory Guides and other
mechanisms are available to provide such detailed guidance in a format that
is easily updated.

We appreciate the consideration you have given our comments in the past and
look forward to & successful resolution of the above issues. DOE staff are
avaflable to meet with you &t any time to explore our concerns in more

. detail.

Siﬁcerely,

Lol Wegra

Sheldon Meyers

Acting Deputy Assistant Secretary
for Nuclear Waste Management
and Fuel Cycle Programs

Office of Nuclear Energy

cc: ¥W. Dircks, NRC
J. Davis, NRC
R. Minogue, NRC
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NUCLEAR REGULATORY COMMlSSION .
WASHINGTON, D.C. 20555

June 1, 1931

MEMORANDUM FOR: Chairman Hendrie

FROM:

SUBJECT:

Commissioner Gilinsky
Commissioner Ahearne

IS
Peter A. Bradford

SECY-8];267 - 10 CFR PART 60 - "DISPOSAL OF HIGH- -
LEVEL RADIOACTIVE WASTES IN GEOLOGIC REPOSITORIES:
TECHNICAL CRITERIA"

As a result of further conversations with the staff, my May 26 and
May 28 memoranda on this subject should be modified as follows:

1)

5)

6)

Item 5 in the May 28 memorandum should be dropped. It will

be replaced by a paragraph in the rule justification to the
effect that ALARA principles have not been applied to natural
features because these features are not susceptible to modifi-
cation once the site has been selected. The concept that the
NRC encourages the best possible mixture of natural features
appears in both the procedural rule and in the proposed
technical rule on pages 36-41.

Item 12 in the May 28 memorandum should be dropped.

With regard to item 1 in the May 26 memorandum, it will suffice
to publish the suggested sentence. The publication of enclosure
J in the Federal Register is not necessary.

In item 2, the phrase "inherent in redundant barriers" should
become "inherent in independent barriers." I do not see a
difference myself, but the staff feels that the word "inde-
pendent" is more consistent with the last two lines of the
sugoested modification. ‘

Item 3, third sentenc- the>modification to the.end'of the
section entitled "Dic .ptive processes and events" should read
" . consistently with the EPA standard as applied to such
events."

Item 5, the troublesome sentence on page 45 shculd be revised
along the following lines: "Because . . . . it seems prudent
to quantify the water travel time rather than Kd, at least
until the EPA standard is final."

Elogreere—2py
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A new final sentence to that paragraph should state "It is
conceivable that site geochemical parameters may need to
reduce some of the radionuclides by an additional factor of
10-100 to meet the EPA standard, but no-requirement can be
quantified in rule form at this time.

The other concerns in iteﬁ 5 of my May 26 memo are inoperative.

I think that I am accurate in saying that the staff does not object
to the other items in these two memoranda, although item 4 in the May 28
memo extends the ALARA approach into an area where they are not -sure
that it is worth the effort. The staff also agrees with the first five
points in this memo, and, I hope, with the sixth.

cc: W. J. Dircks, EDO
L. Bickwit, 0GC
D. Rathbun, OPE
S. Chilk, SECY
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OFFICE OF THE
COMMISSIONER

MEMORANDUM FOR: . Chairman Hendrie
Commissioner Gilinsky
Commissioner Ahearne

= S,
FROM: Peter A. Bradford
SUBJECT: ' SECY-81- 267 - 10 CFR PART 60 - "DISPOSAL OF HIGH-

LEVEL RADIOACTIVE WASTES IN GEOLOGIC REPOSITORIES:
TECHNICAL CRITERIA"

Attached are the modifications I think should be made to the June
1, 1981 version of Part 60. . I understand that all of these modifications
are acceptable to the staff The changes are:

1) Page 46, Enclosure J (attached)
2) Page 5, Enclosure A (attached)

3) The staff will supply language before the next meeting to
the effect that ALARA principles have not been applied to
natural features because these features are not susceptible to
modifications once the site has been selected.

4) The staff will supply language before the next meeting which
gives examples of processes and events which NRC considers to
be unlikely. :

As 2 result of this morning's discussion, I suggest we handle the
reasonable assurance issue on page 29 by adopting the suggestion of
Commissioner Ahearne. This suggestion as I understand it is attached.

I have not taken this issue up w1th the staff.

I would urge that we meet aga1n Friday, June 5, on this matter to
see if we can at least agree in '~inciple. The Office of the Secretary
is requested to track responses.

cc: W. J. Dircks, EDO
L. Bickwit, 0GC
D. Rathbun, OPE
S. Chilk, SECY—"
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Alexznoer 5/&

Géoundweier travel times from repository cepiths to the accessible environment
¢’ 1,000 years are'achievab1€ in many hydrologic systems. For & groundwater
treve time ©f 1,000 years, sorption eauilibriun coefficients of 100 mi/g or
jess are ﬁu‘ficient tc prevent most of the ~=incipel contributors to dose from
regsning the sccessible environment. Sorption equilibrium coefficients meaéured
in the ]abofatcry for the actinides and other nuclides thzt &re principel contri-
butors to dose are in the ranpe of 102-10¢ m1/g, so thzt some margin.is‘provided.
¢ comdenszte fer the uncerteinty in actuzl velues of Kd under repository
congitions. 'Becausb cf the prezter confidence in our ability to measure
hvdrevlic rather thgn geochemicz1 parameters, &nd ihe copservgtism that is

introguced, it seems prudent to select the weter treve) time rether than K¢ tc

2e IDe perameter tc be reouletes. [meet-the-crersidi-performence-stancere:)

Therefore, we heve framec our site performance objective so that the travel time
fror the repository te the accessible environment be 2t least 1,000 yeers and we

intenc the: DOI consider during site screening thzt sites with longer wazter trave)

Time Ere preferredX— '\r\ser‘\' OCP('&Q\'\(O{

1f sites with long enough water transport times azre selected 2s potentia)
repository sites, some of the major uncertainty in site eveluetion can be
resoivec: - Licensing issues will then mainly be resiricted to ensuring that
the proposed reposiiory does not disrupt the hydrologic flow pathways such
thet shorter travel times to the environment are crezted, and the adequacy of

engineered,bérriers deaIindzwfth disruptive events and natura) processes that

could result in shorter flow pathways.

Enclosure J




INSERT TO PAGE 46 OF ENCLOSURE J

It is likely that site geochemical parameters may need to reduce some of
the radionuclides by an additional factor to meet the EPA standard, but
no requirement can be quantified in rule form at this time. Gross

estimates of this factor range from 10-100 and even beyond depending on
what values are in the EPA standard and depending upon further analyses.




& ‘incding that the issuance ¢f 2 license wiil nct constitute a- un-ezsones’e

risk tc the he2'ti™ ang safetv ¢ the public. The durpsoe 0% <z subsa=:

is tc set oul derfc-mance obiectives and site and design crise-ie which,

3 . R N .
0 S"E 1 W3 MNE—T Pouebles

;%r the Lommission tc find that is no unreasonable rick. it mues have

reasonable assurance on the basis of the record before it the: these

obiectives and criterie will be met.

(&) ‘Suboart E of this part 2lso lists findinos that mus: be made

in subport of an authorization to construct a2 ceologic repositorv operations

arez. In particular, §60.31(2) reaquires a finding thzt there is reasonable

assurance thet the tvpes and amounts of radiocactive materials described in

the applicetion can be received, possessec, and disposed of in & repository

0‘ the desion proposed without unreasonable risk to the health and sefetv of

the puslic. As stated in that paragraph, in arriving a2t this determination,

wne Commission will consider whetner the site and desion comoiv wit the .

Critefia conteined in this subpart. Once gagein, while the criteria may be

‘written.in unqualified terms, the demonstration of compiiance mav tzke

uncertzinties and gaps in knowledoe into account, provided that the

Commission.can make the specified findino of reasonable assurance.
(a) {TRis-subperi-stetes-the-performence-objectives-te-be-echieved

end-the-technicei-criteria-¢e-be-met-by-the-BEE-in-orcder-for-the-Eommis-

séen-tc‘make-zﬁeffindings-:e!ied-for-in-Subpert-B-of-this-per:.]

° . LY Poclaciea A



pv DOE in its license appliceticr. If the prccess or event is unlikely, ther

the overall system must stiil {imit the re?e;se of raQionu:?ides{f
s arPD\.Ld BUVA  ATTS
with the EPA standard fer—unliielv-—gwents- '

], _censiste

Multiple Berriers

‘The proposec technical criteria were'dé@eloped noi onily with the
understanding thet EPA's generally applicabie envi}onmente1 stancare
would need to'be_imp1emented.'at least in part, by performing czlcule-
tioﬁs to predict performance, but 2lsc with the knowledge that some of
those calculetions would be compiex &nc uncertain, Natural systems are
difficult to characteri;e and any understanding of the site will have
signﬁficar: limitztions ancd uncertainties. Thcse properties which pertein
e isciatior ﬁf Hiw are diffiCU1t to meésure anc the measurements wnich
are made will be subject to several sources ¢f error and uncertzinty.

The physica1 and chemical processes which isolate the wastes are themselves.
var{ed end complex. Further, those processes zre especially difficult

to unoerstand in the &re: close to the emplaced wastes beéause thet area

is pnysically and chemically disturbed by the heat gener&tec by those
wastes. |

rowever, a geologic repository consists ¢ encineered features as
well as the nztural geo?ogic.environment. Any eva1u$tion of repository
performance, therefore, will consider the waste form and other engineering
which ‘is elementz) to the repcsitory as & system. By partitioning of
the engineered systemtinio two major barriers, the wzste package and the
undergro;nd faéiiity. and estab1ishfng performance objectives for each,

the Commission has sought to exploft the ability to design the engineered
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CHAIRMAR HENDRIE: The meeting will be in order.

Why don*t we start by asking the staff to relate
the contents of their paper, wvhich was last night's arrival,

and is the thickest of the recent additions_to the

.literature on this subiject.

ERe DIRCKS: let me mention another arrival that
Jack 1is going to distrihute. It is a letter tha; he
received from Shelly Meyers with some last minute
suggestions.

CHAIRMAN HERDRIEs Shelly wvants to come back, does
he? |

MR. DIRCKS: He has come back in spirit.

He has a list of suggestions here that he wvants
incorporated. I will let Jack give you his opinion of it,
and I think, in reviewing it, there are not too many
additional nev issues in there. I think that we have
revieved some of these in the past.

Jack, vhy don*t you provide a capsule summary of

thate.
MR. MARTIN: I think a capsule summary, as Bill
said they are not newv issues, they-would really rather not

have any numbers placed on the waste package performance.
They would really rather just have an overall figure of

merit for the total system, as comment number one,

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) §54-2345



1 essentially. ‘

2 But then, if wve insist on having some numbers on

3 the vaste package, they would rather thatmge,ﬂopld'pqﬁlthe

4 reasonable assurance'haékJin“thete,‘wh;gh'ggmngye donee.

5 Rlso, on the fractional release that that be revorded so

6 that it does not include all thg.nucliggs;,dgst.the ones of
7 concern, vhich ve talked about-a'conblé‘;; §é§tin§s ago, and
8°to fix that as vell.

9 So I believe that ve have gone a long way to

10 resolving the dstails of vhat ve can resolve, but ve wvould
11 rather stiék vith the nultiple barrier and defense in-depth
12 approach rather than the single ficure merit for the overall
13 system. Of course this has been debated and discussed for
14 the last two years.

16 COEEISSIONER AHEARNEs Jack, you say that you have
16 put the reasonable assurance back in?

17 ER. HARTIK: Yes, sir. We have also fixed the

18 part about limiting the -- We previously had a leach rate of
19 one part and 10 ts the 5th of individual nuclides. We had
20 some discussion a couple of meetings ago of, shouldn't ve

21 1imit that to the ipportant nuclides, and not get dovn to

22 atonic quantities of release. Ve have fixed that as vell by
23 liniting that requirement of those nuclides that are at

24 least a tenth of one percent of the total Curie release,

25 vhich essentially boils it down~to'about a dozen long~lived

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., 8.W., WASHINGTON, D.C. 20024 (202) 554-2345
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plutonium, Neptunium, Technetium.

COENISSIONER AKEAENE: What have you actually
eliminated when you did -- The tenth of a percent is'the
curie release in the wvaste package itself; is th#t correct?

¥R. MARTIN: It is the release from the engineered
system, depending on hov the engineers did it. It is the
ran~made portion of the vaste package, the backfill. If
they choose to nﬁke an engineered system of the excavated

repoSitorr itself. It is the release from that manmade part

to the --

COMEISSIONER AHERRNE: Geological site?

¥R. MARTIK: Yes.

COEEISSIONER AHEARNE: Are you saying that if they
vere to propose an engineered system wvhich has some unique

capture sections for one of these long-lived matérials, they
could then not have to‘w0try about that particular
nateriai?

¥R. MARTIN: Tﬁat is correct. That is vhat ve are
trying tb encourage byvrevtitinq it the vay wé did. What
they vere concerned about is, let's take very short lived
things, theoretically they are still there in very small
quantities, and they don't wvant to spend a lot of time
researching and proving that tritium is still, because for
all practical purposes it is gone. So by doihg it our vay,

ve eliminate everything except the americium 241 and 243,

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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neptunium, the three plutoniums, technitium 10, and uranium
234, |

So thers are about a dozen isotopes that are still
to be concerned, and I thinkvthat that takes care of their
problen.

COMMISSIORER AHEARNE: Do you have any comment on
their alternative proposal for the vaste package, the
temperature perturbation argument?

'MR. MARTIN: We considered that, and decided not
to go that wvay because one of the things that ve are trying
to do in this rule is to add some certainty to the licensing
process, and having a rather vague statement like that
doesn‘’t really settle vhat the design requirements are, it
Just leaves it to be litiﬁated later.

That wvas similar to other suggestions about vhy
not design the vaste package so that they are no more
hazérdous than a ore body at some certain point in time. We
rejeéted that for the same reason, because it just doesn't
settle vhat the design requirements are until very late in
the game.

COMEISSIONER AHEARNKE: They seem to have some
nisimpression, I bellieve. Their last bullet on page 2 could
be read as saying that you would not allov the site specific
mitigating factors in a calculation of overall systenm

performance.

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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It is my understanding from what you said beférei
in the calculation of the overall systenm performanée, in
order to meet,rsay, EPR standards, they are going to have
take that. |

- HR. XARTIN: Absolutely. The only part that ve
are holdin§ fast on is that wve do wvant a multiple barrier‘
srstem; vith some defense in-depth, and not leave what
defense in-depth you have as an ill-defined thing to be
defined by the applicani. |

CHRIRMAR HEKRDRIE: “"Your recent proposed amendment
to the Procedural Rule,” says Shelly in the middle of page
2, “"raised a new 3ifficulty ve have not had an opportunity
to discuss."” Did we discuss it?

MR. MARTIN: We did discuss it ad infinitunm ﬁt the
last meeting, and this was your point as to why ve have
these éxtra requirements on doing analyses that are not in
the EPA standard. We have resolved it by deleting it all,
and moving up paragraph No. 2, which also says that the’ .
design and comstruction reqﬁiteméﬁis look too involved, |
can't you put some of that in Reg Guides. We agreed that
probably some of that ought to be in Reg Guides, and we have
a statement in the introduction asking for comment on that.
Ve prohablf can back off on that a little bit.

'CHAIBHRN HERDBIB: I nust say that I got caught

short last night. I got yesterday's paper, but I did not

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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have 81-266 with me, so I had to work from the less than
complete propositién, although most of the pages from about
28 on are there, I guess.

It looks to me that once you get passed 61-21, nov
ve have mdiitional requirements for the geologic setting.
We have got a batch of favorable ones, a batch of
unfavorable ones. I couldn‘t decide whether those set
bettét‘in the rule or were covered in the rule bf a general
sﬁatenent, ;nd then appeared in the staff document.

You say, "Each of the following may contribute to
the ability to meet the performance objectives,”™ and it is
okay.

In addition'to having the 112 characteristics,
vhich pertain to stability and water travel time chiefly,
"the setting shall exhibit an appropriate combination of
these cénditions,' conditions that follow, "together vwith
the engineered system, the favorable conditions present are
sufficient to provide reasonable assurance that the
performance objectiveéiwill be met.” With that kind of an
introduction, I am not quite sure hovw to read ahy one of
these favoraﬁle ones or, taking the reserve side of it, the
adverse ones.

If sort of the bottom line with regard to one of
these is, are the performance ohjectives‘net, or at least a

reasonable showingy made that £he performanée objectives are

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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net, then that might be because of one of these elements, or
in spite of it, or without regard to it, in which case do 1
still regard one of these elements as counting either

favorably or adversely vith regard to the additional

‘requirements for the setting. Do all of them a2pply? That

is, the site has to shov all of the favorable ones and none
of the adverse ones.

I sort of gathered from the first paragraph
language that that vas not the case, and that it wvas not 100
percent in and 100 percent out sort of situat;on.

ERS. COEELLA: That is right.

CEAIRNAN HERDRIE: On the other hand, it is not
very clear vhat a passing score card would look like in
order to satisfy 60.122,

As I say, even vhen I understand that, I am not
sure exactly what I do with-these things in 1light of the
proposition that these thing together with the engineered
systen, the favorable conditions present are sufficient to
provide reasonable assurance that perfofnance objectives
vill be net.

Tell me how thgse things fit‘in the context of the
rule, and 40 we really have quite the right words at the
start of the section? .

MRS. COMELLA: The staff had spent a great deal of

tire dealing wiﬁh the question of whether or not one could

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-234S
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come up iith site acceptability requirements vhere, if they
vere present, yes, you knew you had an acceptable site; 1if-
they‘were absent. or if the adverse conditions wvere étesentc
you knev you had an uracceptable site.

After a qrea£ deal of discussion internally and
externally with'othef experts in the a:eﬁ. it vas determined
that really ve vere not in a position to come up vith site
acceptablility requirements, but we cohld identify coﬁditions
vhich if present would 1n§réase confidence that that site
appeared indeed to be suitable to host a repository, amnd ve
could identify characteristics wvhich if present certainlx
required further 2xamination to see whether indeed they
eliminated a site.

This section 122 vas an attempt to identify the
favorable ones, which if present wouli enhance the quality
of the site, and others, vhich if present could make it ‘
unsuitable. That is what it is there for. We recognize
that the site selection process would involve balancing,
looking at vhat was there and vhat was not there in an
attempt to arrive'at the site vhich would host the
repository. | |

Jack, do you want to add aniihinq?

ua.'naerN: WNe wére basically faced vith a
dilemma. On the ome hand, just about everybody who has

looked at the siting gquestion has urged that we have & set

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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of definitive siting criteria to go find sites, and that
they be decided before and not after the fact. -

AHheu ve looked at all the sitinq criteria that ve
have come up vith, and the Amgrican Physical Society has
come up ﬁith, and the other groups that have looked at this,
every definitive set of criteria seemed to us to have a
couple of features that might well reject an acceptable
site. / |

So, instead, we hit on an alternate approach,

‘which I right add has not gotten nuch cormment, it seems to

be favorably viev, where we have more of a balancing
approach, wvhere ve list the favorable conditions that you
ought to find fairly definitively =-- you ought to have
these; theﬁ ve list the conditions that you ought to ivoid,
and if you have them, they raise the presumption that the
site is rejected. | |

Then tovards the end, ve provide a conflict
resolution section on page 42, I think, that shows that if
you can.really nake a case that you, in fact; understand
this condition, like tectonic instability, for example, and
in fact can make a case that you have enough favorable
conditions to offset that situation, then the site will
still be considera2d acceptable.

This schemne works or should vork, of course,

because in the procedural rule ve have required that there

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) §54-2345
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1 be a number of sites to look at, so it is really linked

2 gquite closely, and if there were only one site to look at,
3 this might be rather cumbersome. But it is the only vay vwe
4 could think of to resolve the guestion of not having siting
§ criteria that rejected sites that might be acceptable, yet
6 provided some definitive -- |

7 We feel that this appr&ﬁch. coupled with the fact
8 that ve are going to have at least three sites td loock at,
9 vill reguit in 2 good site and not reject any that nicht be
10 acceptable. As I say, this approsch has not received any
11 negative comment that I can think of from anyone.

12° CHAIREAN HEEDRIE: What do you do vith a site that
13 does not have three of the ten favorable coqditions?

14 MBS. COEELLA: Are you asking whether all of the
16 favorable conditions have to be present to some degree or

16 another?

17 CEARIRMAN BENDRIE: More or less.
18 MRS. COMELLA: They don°'t all have to be presente.
18 COEXISSIONRER AHERERNE: 1Is there any statement

20 anyvhere that is sort of a converse of vhat happens if you
21 have adverse conditions? |

22 HRS. COMELLR: You mean a presumption of

23 acceptance if they are all present?

24 CONMISSIONER RAEEARKE: Yes.

25 -  KRS. COMELLA: Ko, there isn't.

ALDERSON REPORTING COMPANY, INC,
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COEBISSIONER AHEARNE: Similarly there is no
statement that would say that the absence of some of all or
1 large number of the potentially favorable conditions would
be --

MRS. COEKELLA: --regarded as an adverse condit;on?

COMEISSIONER AHEARKE: Yes.

EKRS. COMELLA: Ko. That is a very interesting
point. Ko, that is not there, but perhaps it should be.

COMEISSIONER AHERRNE: I was not suggesting it.

¥RS. COKELLA: Ko, I was not responding to it that
vay. I wvas saying that pe:hapé this is something that cénld
be given some thought.

CHAIRKAN HENDRIE: You see, some of the favorable
conditions are such that they do seem reasonable to me.

“(2) The nature and rates of tectonic processes that have.
occurred since the start of the Quaternary Period,” hov far
back is that?

¥R. EARTIN: About two million years. It is
basically the time period since mountain building stopped
and nothing much has happened except the Ice Rges. It is a
pretty uninteresting geological time.

| CHEAIREAN HENDRIE: -- are such that vhen projected
they vould not affect or would favorably affect the
isolation capability of the repository.

Because yoh»have phrased it, "would not affect,”
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as vell as "favorably affect,” the option which is 1éft is
that those processes, if projected, would affect unfavorably
the ability of ths site to isolate vaste. Indeed, in that
case, it is not so cléar that you can make the case requiﬁed
under 60;111, or indeed whether hndet section whether that
is a very important consideration. So that one is okay,
good.

Let'é get dovn to some of the others. “Eineral
assemblages that, vhen subjected to anticipated thermal
loading, vill remain unaltered or alter to mineral -
assemblages having increased capacity.” I am not sure
vhether this‘is the same kind df thing or not, if they alter
under thermal loading to be unfavorable, I guess one has to
say how unfavorable before you know if you have got a no
goe.

You say that these ten-odd possidble favorable
conditions in the site, if one or more of them are not
present, that means you don't cross the site off under this
paragraphe On tﬁe other hand, if they are all there, you
still don't check the site off under this paragraph.

¥R. EARTIE: Because you still have the adverse
conditions to get through.

CHAIRKAN HENDRIE: You have the ﬁerfornance
criteria and all kinds of other sectionms.

KR. MARTIK: You see, it is important to

ALDERSON REPORTING COMPANY, INC,
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understand vhy these are here. Almost all of them bear on
your ability to predict the site performance. The
performance criteria are essentially for just normal design
assuned conditions, but one still has to do some sort of =
prediction into the future as to how the site is going to

act, and that is the backdrop for these sorts of

requirements. .
If one does not have a stable site, it gets very
troublesomnz to predict the future. If one has nineral

assenblages that alter in some vay that is not understood
very vwell, then that confounds prediction. So they are
really complerentary to the performance objectives, and
provide for each of demonstrating the performance obJjective
and meeting the EPA standards.

COMMISSIOKER GILINSKY: By the vway, vhat happened
to the population densities?

BER. MARTIN: That was one of the Chairman’s
conments that ve complied vith and struck.

CHAIRMAK HENDRIE: They struck that.

COBﬁISSIONEB GILINSKY: What was the idea behind
that? |

CHAIRMAN HENRDRIE: The idea is that if ve are
going to talk about geologic time§ and so on, it makes
relatively little sense to talk about population densities.

MR. MARTIN: We did get at it by another vay,

-

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) §54-2345



10
11
12
13
14
16
16
17
18
19
20

21

24

25

18

saying that you ought to keep avay from areas that are'
attractive for resource exploration, and that sort of thing,
vhich is really a sutrqqaté, it seemed to us, for popdlﬁtion
density, if the thing is very unattractive.

COMMISSIORER GILINSKY: What is going to keep this
out of the cities?

CEAIRKAR HENDRIE: Expense. It is very expensive
to put a repository in the city. _

COEMISSIONER RAHEARKE: But wvhat is going to keep
cities out of it? I think Joe's point is that when you
start talking about a thousand years --

COXMISSIONER GILIRSKI; Ve don°t have to have it
that long. It could be one hundred years.

CHAIREAN HENDRIE: Remember the argument that I
nade to you the last time. When there are two periods of
time which are of interest here. The period of time in
vhich the present social institutions continue and there is
a societal memory, and so on, and in this period, it meakes
very little sensee.

From the standpoint of keeping people from
intruding into the repository, one of the best places to
have it, as I pointed out.to you, is under Manhattan. You
could not build it under Manhattan as a practical matter
because of the expense of procuring the right-of-wvay, then

providing the protection needed for material to come in and
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the operation to go on, and so, it all would be prohibitive.

So as a practical matter, yoﬁ are not going to
build it under ¥anhattan. On the other hand, if you want a
place eﬁere human intrusion will be noticed and monitored,
at least through the survival of the present society, By
George that is the place. There are people, and things go
on aroﬁnd the clock.

On the other hand, once you get out to geologic
tiges, you are saying, don’t build it here, muttering about
low population density in 1985 jhst has no meaning vith
regard to where cities will be sited.

COXKISSIONER BRADFORDs What about saying,
reasonable assurance of lowv population densities for -- I
don’t. know what the right number is -- one or tvo hundred
years, or at least the period in which the thing is being
loaded up. '

CHEAIREAR HENDRIE: I see no reason to set up a
standard vhich --

| MR. EARTIN: Another point of reasoning ve hﬁd on
deleting that is that it is certainly one of the factors
that will be balanced and veighted in the NEPA evaluation.
So that was another thing that led us to not agonize too
nuch on taking this out, as if vill be taken into account in
that form, and maybe that is a better vay to consider this

Onhee.

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W,, WASHINGTON, D.C. 20024 (202) §54-2345



10

1

12

13

14

15

16

17

18

18

N

8

24

17

COMMISSIONER BRADFORD: But how does it get in
there, Jack?

CHAIRMAK HENDRIE: Because the environmental costs
are higher if you deal with a population where you have to
move a lot of people around during the time that you are
building and operating the facility, and up throuqh
closure. r
' COMEISSIOKNER BRADFORD: I am assuming that, in
fact, evén-medium size communities are unlikely to be the
direct host. That is, no one is going to take the park in
the center of a city of even 50,006 as a repository site.
The real question is whether there is a concentrztion of
population of some size a relatively short distance avay, in
a direction that one should vorry about.

I vould think that there is some wvay to say that
either the presence of such a group is an unfavorable
characteristic, or the absence is = fﬁvorahle one. ’

COEMISSIONER GILINSKY: You are.qoinq to have a
lot of surface activity at one of these sites at léast‘for
sonme years, and do ve really vant to do that in the middle
of Manhattan. |

COENISSIONER BRADFORD: It is not really the
middle of Hanhattan.

CHAIRMAN HENDRIE: If you provide me the

transportation corridor and deed Central Park to me, and so
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on, and eliminate various other things, the Manhattan just
nay in fact be an ideal piece of granite, I don‘'t know. But
as a practical matter, you know that you are not going to do
that.

From a health and safety standpoint, although the
curie'levels are large, they are in forms that Jjust don't
travel easily. You are going to have this stuff vell tied
up, and you don‘'t have driving as there potentially are in
the reactors.

From a public health and safety standpoinﬁ,
population density to my mind just does not cut much here.
What you are concerned about is having a reasonable vorking
areas and control over them, and one should have those, so
it is not a.safety problen.

COEMISSIONER GILINSKY: Where does the requirement
on the vorking corridor come in here?

CHAIRKAN HENDRIE: The transportation aspects vwill
have to be considered in the environmental impact
statement. There are certﬁin cogés associated with these
things.

COMEISSIONER GILINSKY: I must say that I £ind it

very odd that in these hard and fast requirements of

23 favorable condition that we don't include lov population

24

25

density. That seens very peculiar to me.

CHAIRMAK EHEKDRIE: Because low population density.,
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as far as you can control it in this regulation and by the
siting of the repository has essentially no meaning over the
lifetime of the repository.

COHEISSIOKER GILINSKY: I think that it has z lot
of neaniﬁq vhen you are £filling up the repository.

COMMISSIONER BRADFORD: Let me suggest a
formulation here that wve did the other day on an unrelated
gatter, vhich is that on sonetﬂinq like this, I feel that
there ought to be some mention of lowv population, at least
fbr purposes of getting comments, that ve juSt cite |

Coamissioners Gilinsky and Bradford are interested in

comments on the lov population density standard here, and

the Coxmission therefore requests comrents on those as
well.v

COMMISSIONER RAHEARKE: I would just as soon gay
that the Comnmission is interested in cbmments on thate.

ER. EARTIN: We could get comments on having a
paragraph that vouid‘inplenent it. It might be
interesting. -

Shall ve go ihronqh the rest of the paper?

CEAIREAK HEKNDRIE: VWhere do I leave these
favorable conditions? How do I understand from this ghat
not all of them'are prerequisites? ,

MR. KARTIN: We do have an introduction on page 37

that does discﬁss an appropriate accommodation.
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¥RS. COMELLA: There is a discussion in the
supplenentary information on page 14 as well of the
favorable ﬁnﬁ unfavorable characteristics.

| CO!EISSiORER AHEABRFE: Which version?

EBS. COMELLA: I vas going to say the top one. It
is the original 267, and I don‘'t believe vwe have nade any
changes to that particular section. Under siting
requirements, there is a very brief diécussidn there.

CHAIRMAN HENDRIE: “"Cannot be made absolute
requirerents, and so on.” It may be that the words in the
supplementary information as vell as the phrasing of the
language in 60.122 can solve the problem, but I guess it is
not so clear from the vorids themsélves to me that that is
the case. That tells me that it is the staff's attempt, and
perhaps it vill serve as legislative history on this, I
don't knowe.

Over on the unfavorable ones, here the presence of
any one of these takes out a site.

How do I shov that there is no potential for
nining at a site?

MES. COMELLA: Part of that vonid arise out of.
your resource assessment and some of the inferences that one
vould drav from that, I would think.

CHAIREAN HEEDRIE: I am looking at (3) under

adverse conditions in the geologic setting, changes in the
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hydrogeology, groundvater withdravwal, extensive irrigation,
and subsurface injection of flulds, underground pump
storage, undergrouhd military activity, or mining.

You can certainly prevent mining or underground
military activity during the period in which there is
continuity of the records, and continuity of human
institutions, and so on. ‘I don't read the adverse condition
to be so limited.

Vhat are you going to do with a contention that
people are going to want to mine granite from this location,
starting a thousand years in the future because by that time
they vill have discovered some great use for granite?

I Xkeep vondering if the proposition we have in
hand here constructs a framevork which, vell meant --

MR. MARTIK: You have to read the first sentence
of the requirement which is "Potential for human activity to
significantly affect the geologic repository through changes
in the hydrogeology."™ You may be able to make a showving
that even if mining takes place, it vould not bring about
unfavorable hydrogeologic conditions.

CHAIRMAN HENDRIEs Do you think you could show
thatf

if can get a contentioh accepted that some future
generation will vant to nine granite from a repository, do

you think you have & chance of proving, wvell, that will not
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change the hydrogeology in ways we can't foresee, hence.,
cause unfavorable conditions?

' ¥R. MARTIN: No, but.I think this sets this up to
deal wvith it in the best possible vay. It would seem to me,
let's say, 1f there vere mninable types of resources in the
area, and let's take a more realistic cﬁse that there is oil
or something nearby in the area, hov does one deal with
that? That vas our problem, wve just coulﬁ not ignore it and
leave it to happenstance.

So, instead, ve listed it as, okay, face up to the
b:oblen. If you have got that kind of a situation, it is an
adverse condition, and you are going to have to show either
that it doesn*'t affect the repository or it is more than
conpensatel by these other more positive attributes; in
accordan;e vith the formula a couple or three pages further
along.

I think that this is the dilenmﬁ on almost all of
these siting issuves, wvhether it be resource competition, or
hydrolo&ieal. I can think of one site Qhere there are
hydrological problems with, and another one where there is
volcanic activity. We just did not see that we could ignore
them, and instead ﬁe tried to set up a set of machinery to
recognize and tésolve the problem if possible, and also
bearing in mind that we have a number of sites to work

with.
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CHAIRYAN HENDRIE: What worries me is that in
setting up to deal with it, so called, you set up a machine
vhich is intrinsicilly incapable of coming to a positive
finding.

COEXISSIORER BRADFORD: But isn't that the point
that has been made in tvo other respects. One you made. the
other day with regard toc the needrto specify that vhat ie
are talking about is reasonable assurance. Jack has also
rade it fepeatedly in individual choices throughout the
rule, keeping in mind the gquestion of vhether the criteria
he is setting are in fact inhefently provable.

In other words, will not be able, either now or
vhen the Comrissisn closes on the final rule, to sit here
and guarantee the rationality, I duess, of our successors.
But if somebody comes in with a contention having to do with
the likelihood of a §ranite mine in a thousand, that
contention, like any other than can be formulated around any
one o£'the provisions in here, is going to rﬁn into the
reasonable assurance rubric, and then the specific
criteria. TIf it turns out to be 2 sufficiently likely
event, then the site is not going to pass muster. If it
turns out to be sufficiently unlikely, it is.

But this one item here doesn't seen to me to give
rise to that problem any more than ﬁn unlikely contention on

the vage package or on the 10 to the minus S5 statuse.
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CHAIRKAN HENDRIE: But the wvay this is set up
doesn‘t quite set it up the way I would prefer to set it
upe I wvould prefer to see some language along thé lines in
here that there is a presumption that mrining ¥ill not occur
unless there are identifiable resources that have the

econoric value in the present society and can be reasonahir

projected to have economic value in future societies

sufficiently unique so that you vould mine this site.

That is, if you vant to come in and argue with me
that people will find a use for granite, and they will vant
to dig it up he:é. and you leave the rule so that it Jjust
says the potential for mining is an adverse condition that I
have to somehov overcome by showing that I have
characterized it adequately -- Rhat do I do if it is
granite, and vhat else do I kpow, including the extent to
vhich the coniition may be present. Granite ell over the
repository, is it still undetected? Ko, it is detected.

I am nov at the mechanism for dealing with this
difficulty. ' o |

ER. MARTIN: ¥We go on to the next page to deal
vith the mining thing explicitly, and essentially resolve
that problem by sgyinq that you should not have resources
that are of any greater value than you can find elsevhere.

Maybe what we could do is just scrub mining on

page 39, and leave it to be dealt with under the middle of
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page 40, item (3).

CHAIRMAKNK HEKNDRIE: It is a possible out.

KR. MARTIN: What ve had over here, ve were not
focusing on mininy per se, ve were talking about mining, and
devatering activities. Often they mey devater several
huﬁdred thousand qalloné a day, and if this is going to
upsets the hydroloqicai basin anp cause some screvy.
hydrological problem, that is vhat ve are getting to there,
and not.aétual penetration into the raﬁository, vhich is
dealt vith over here.

HR. WOLFs: It is possible to fix it in that
(2)(3), you écnld stick in that it is not limited to
reasonable foreseeable events such as, if that is the
concern.

CHAIRXAR HERDRIE: I guess the beéi thing to do is
to leave it to think about it.

As I go through and through this thing, it seéms
to me that I keep running up against places vhere I am
afraid the vords Eonstruct a barrier that we are not going
to get over.

KRS. COMELLA: One of the problems here is that it
begins to get at the human intrusion problem, vhich is a
very difficult probiem to grapple with because of the )
question, howv do you deﬁl vith 1t? 1If it is mining,

presumably it is deliberate, but is it in the face of
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knovledge or the absence of knovledge.

We have tried to lay out a policy discussion of
the question of human intrusiosn because I think really one
has to come at it from that way, and it begins on paqehg of
the supplementary information. Pethaps a vay of coning at
this vould be to focus specifically through asking for
coament on how ve have come at the resolution of the human
1ﬁtrusion problen. |

I think that it is going to be there in any
hearing bec#use it could potentially be an Achilles® Heel in
how you deal with it. Someone can alvays raise a "What if,”
ani that is one of the "vhat if’'s”™ that is so hard.

CHAIRMAR HENDRIEs Of course, in a regulatory
climate, what I would suggest is that one say, “"Wait a
minute, the alternative to puftinq this stuff down in this
repository is to have it sitting around iﬁ 70 or 100 fuel
pools .for thousands of years, is that better? No, it is
better to put it down in the earth with some care."

Having done that, and having £hus made as good a
provision for it as we can at the present time, never nind
intrusion. They ¥ill either intrude or they von't, and they
vill either intrude substantially, or a delicate probe and
ther get back out. | |

R1ll ve can éar is, ve provide as good archiving as

is reasonable, and the monument on the property is as
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reasonable. We will have dealt then for future generations
by and large better than they have dealt in the past for

us. But you can't do everything, and putting the stuff in
the ground is sufficiently better than leaving it laying
around on the surface, so that you are just going to have to
live with human intrusion possibilities.

I arm not sure but what in.fact the regulation
vouldn't be a gool deal healthier if one took that attitude,
and to lay it out for comment.

MES. COMELLA: I think that ve have done something
along those lines, perhaps you would want to focus comment
on that, because that was alvays there, the probability of
human intrusion, one might as wvell set it at one, and then

say, "Hov do you deal with this in the regulatory

perspective?”
I think the arguments that you have laid out are
the vay to go, and I think that we have done something along

those lines in the supplementary information.

COEMISSIONRER AHERRKE: Perhaps you could write it
pore explicitly then, and a§k for the comment.

MRS. CO¥ELLA: Would you like that?

CHAIREAE HERDRIE: I think it would be 2 help in
the document, if it is qoind to serve.

There are a batch of plﬁces here in this proposed

rule for comment, wvhere ve really need comment. I get the
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real feeling in talking to people outside the agency that
once this thing Qées out for comment that there are all
kinds of things that are cast in concrete, and that it is a
pro fofma step. That neither we nor anybody else will be
able to retreat from measures proposed in this thing, and
that is very difficult;

ER. MKARTIN: T think the track record of going out
for comments for the agency is that unless there are
alternatives, usually what goes out for comment ends up
being the final version. | |

CHAIRKAN HEKDRIE: I think that is why in part
people feel as they do. Whereas there are a batch of
propositions of which this one of human intrusion is but
one, vhere the Commission needs in the vorst vay a
substantially greater interaction than it has had.

I think that it vould be helpful to throwv a
paragraph or two pointing out‘fhat vhile the proposed rule
deals with human intrusion by requiring showvings about it in
all its various forms, and reasonable assurance that will
not upset anything, that tpete is rather another point'of
viev that could be taken. ‘

That is, ve just won't argue about it. It is not
an arguable point in the licensing of this proposition
because of the rather unigque characteristic of this

licensing action compared, I guess, to most others that I
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know about, except maybe the TNI II clean up. That, By God,
almost anything you do along this line is a whale of a2 lot
hetter}than not doing anythinge.

COMNISSIONER BRADFORD: Except that if you start
approaching the rule that vay, none of the other criteria
stand up very long either. I don't disagree with the point
you mnake. )

CHAIREAK RHENDEIE: That is right, you could drive
this far.enouqh and say, Boyf any hole in the ground is
better than no hole in the ground, so never mind these
c:iteria.‘ That would run off the table of reason on the far
side quite as vigorously as ve may be beginning to get on to
i£ on the near side. )

COMXISSIONKER BRADFORD: One place the;point vill
get picked up again is in the HEPA statement. That is one
of the alternatives will not to imblace the vaste in a
long-term repository. Certainly all the points thaé you are
gaking will get made in that context.

| CHAIEMAR HENDRIE: Yes.

COMMISSIORER AHEARFE: I think it wvould be useful
tc make it a little more explicit in raising that as a
potential.

Certainly one of the most unique features of this
is, ve are sitting in & very tiny slice of time, and ve are

trying to describe sites by what has happened over previous
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millions of years, and ve are trying to predict what will
happen to sites over tens of thousands of years, and we are
sitting in this very minuscule portion of that.

CHAIRHAR HENDRIE: It is even true vith regard to
the engineered system vhere we vant to talk about a |
thousand-year container, and vhat will be presented by vay
of the avallable evidence is corrosion data in elevated
temnperature conditions, whiéh presumably give some elevated
rate of tha corrosion data, and people are going to have to
vave hands over ﬁ thousand years on this one.

If you wvere deciding vhether there ought to 5e
vaste, you might say, well, the higher standard prevails,
othervise ve vill not have wvaste. I am sorry, that is not
the situation, ve have got wvaste, and a lot of it. So doing
reasonable things with it is much better than not doing
anything,

I think that in the supplementary information it
wvould be very helpful tbchll out that kind of an
alternative approach to human intrusion, and the approach
that would be reasonable to take would be, of course, to
require good, vigorous archiving, monumenting, and marking
of the site, and so on.

Common sense vould suggest you ought to do
everything that you can to encourage people not to dig into

it, but having done so, then I am not sure how much good it
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does to argue at the hearing about people’'s speculations, on
the one hand, that th&sevmeasures vill be inadequate in the
future, and other people's speculations that they vill be
adequate. I Jjust don't knowv that it gets you anyplace, and
you micht.be better off to do without it.

Jéhn, you had a stab. I had a stab. Peter, do
you have something? |

| COMMISSIORER BRADFORD: I do, Aside from the

various meros that I have been iaininq down oﬁ you in the
last couple of weeks, there are couple of things that are in
the paper that came in last night, one of which is on page
28 of the draft, and page 2% of the paper that came in last
night. | |

I have no problem with the proposition that what
is required in all cases is reasonable assurance, and that |
reasonable assurance as you get out into the ten thousandth
year vwill be something very different thanm it means vhen you
arz2 in the reposito:y loading periocd.

* I don't think I would include the specific phrase,
‘:iqorous proof of their satisfaction nay not alwvays be
achievable.” I domn°'t think you lose anything if you-take,
that out,-and Just leave the séntence as it is. I have 2
sinilar problem in the next paragraph, but let me stoﬁ vith
that one. .

COKEISSIONER AHEARKE: I guess I would have salid,

»
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*rigorous proof of their satisfaction will not be
achievable." A

CHAIRMAN HERDRIE: I think that it is guaranteed.
COMMISSIOKER BRADFORD: The point is, as to some
of the propositions, I take it that you would demand a
fairly high degree of proof.

COXEISSIONER AHEARFE: But rigorous proof will
never be achievable in the technical sense of proof. You
vill not get thati

CHAIREAN HENDRIEs I think vhere you are going to
have rigorous proof will be in things like, does the ngerall
government own the site, or doesn’t the Federal government
ovn the site.

COKEISSIOKRER BRADFORD: There is something about
saying that he won't be able to achieve rigorous proof, it
seens to me almost to be an invitation, I don‘t know, to
sloppiness, or slipshodness in the proofs offered.

I don°'t disagree with the p:oposition. but I Just
aonft feel right adbout putting out a rule that says that we
understand that --

COEHISSIOKER AHEARNE:¢ I would have no problem
vith deleting from "while”™ uvp to "achievable," but for the
opposiie r2ason. To me the statehent 1mplies that there are-
sone of them that the goal is to'qet rigorous proof,‘and

although in some cases you can’t, in general you want to,
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and I don't think you can get it.

I vould have no problem.with saying that for the
Commission to find that there is no unreasonable risk,' you
nust hﬁve reasonable assurancee.

CEAIREAN HEKDRIE: I would like to supply you some
expanded vords for argument.

COEEISSIONER AHEARNE: Okay.

CHAIRMAN HENDRIE: I have been trying to revrite
that éection to carry tvwo thoughts. Firsﬁ, instead of going
through and putting reasonable assurance in subsections of
the proposition, why -the choice was to have sort of an
inclusive statement here as to vhat ve can conclude is
assurance criteria, And ve would all understand th;t.\

Then secondly, the more I contemplate the hearing
circumstances, and so on, and tty to think zbout vhat I need
for reasonable assurance on the proposition that a given
isotope won't leak at a rate greater than a hundred thousand
per year at year ten thousand, etce.

COMEISSIONER BRADFORD: That is the point I wvas
trying to make earlier. Ny understaﬁdinq of this is, and
stop me if I am wrong, that the staff in setting these
criteria have kept.provahility'very nuch in mind, that is, e
thousand year travel time is apparently a relatively
provable travel.tine, even though one might like ten

thousand or a hundred thousand.
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CHAIRMAN HEKDRIE: I-think that the thousand year
travel time is probably, of the subpart performance
requirenents, the most clearly demonstrable.

COMMISSIONRER BRADFORD: 1Isn't it true in the other
cases as vell, you don't have criteriz in here that you |

expect vould be unprovable, at least among the major

eriteria for the package, the engineered system?

ER. MARTIN: I think that is correct. We have
been very much motivated by picking those things that would
lend themselves'to some sort of basis whereJVe could aftive
at a consensuse. Is it rigorous in the seﬁse that one would’
prove an electrical circuit is going to work:‘no. Bigorous,
I use that word guite often, 1t is the kind of word ve would

vant to use on proving the overall -- It will not be the

16 type of rigorous wvork that most engineers are used to

16
17
18
18
20

21

24

25

doing.

| NRS. COEELLA: I think proof frequently implies
something that is incontrovertable in the.seqse of certitude
vhen yoﬁ finish you finish your derivation, and that is
simply not vhat we are talking about here.

COEHISSIONER BRADFORD: What you are.really saying
is some phrase like, réasonable assurance in light of the
nature of the evidenéé and time periods'involved is vhat the
Cozmission must have. .

ER. V MARTIN: Yese.
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COH&ISSIONEB‘BRADFORD: I vould prefer a phrase
such as that. I guess I could swallowv the rigorous proof
phrase if it vere féllowed by some other phrase, and maybe
this is what your proposal does, vhich says, "However, the
applicant is expected to do-the best he can.”

CHAIERMAN HENDRIE: I will tell you vhat, I have
sone draft vords, but I prefer to{scratch a little bit more
and get them out to you rather than read them off the back
of the shept for comsideration.

What I vas aiming for wvas trying to construct a
standard of proof, or a standard for findinqs for these
long-term things. It just seems to me that the level of
assurance that you are going to have for a thousand year and

many thousand year propositions is Just inevitably going to

be less than, for instance, will & pressure vessel stand a

nunber of stress cycles from a fatigue standpoint expected
in a 40-year life tinme. |

The problem of the thousand and many thousand year
events and performance, and so on, just seems to me to have
intrinsically a lover level of certainty about it. I am
afraid- that unless ve angicipate that in the }ule, recognize
it and try to provide for 1it, that ve eﬁd up formulating a
rule, with the best possible intention in the world, which
then becomes an inpossiblé barrier. |

As I say, this is & licensing situation in vhich
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the ﬁhblic safety is best served by licensing on the best
effort basis that ve can make to be sure. But it is not
like other things where not licensing represents a safetr‘
base with regard to a given project -- it is safe fron
thereon, while it is getting less safe, thg question is, how
ruch can ybu stand.

It seems to me that if ve don’'t build in the
avareness of that circumstanée in the rule, wve may be |
constructing a2 maze from which there is no escape.

COEMISSIONER BRADFORD: There is nothing in the
procedural rule on the standard of proof.

COEMISSIONER GILINSKY: I don‘'t think so.

KR. MARTIN: We have some reasonable assurance, it
is reasonable risk.

CHAIRMAN HERDRIE: For the comnstruction
authorization, don't you?

¥RS. COMELLA: Yes.

CRAIREAR HENDRIE: When you refer to subpart B.:

MRS. COEKELLA: That is correct.

CHAIREAR HERDRIE: Where it says that there rust
be reasdnable assurance that you can handle the stuff and
tuck it avay., and that everything will come out all riqﬁt.

| MRS. COEKELLA: Then at vaste implacement, it is
affirmed, but in a different nahner. It is after looking at

vhat has gone on iuring the construction period, and
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comparing it against what was intended, then that is wvhat
the basis for that decision is, i1f I recollect correctly.

COMKISSIONER BRADFORD: I think that it is
importadt to keep that in mind because wve don't vant the two
rules to get cross-ways with each other as to what the
standards wvould be. |

¥RS. COXELLA: It is a very succiﬁct expression,
1f I,reneﬁbet; I don’t think that there vas a great deal of
élaboration of it, if any, in the supplementary inforration
either. |

MR. WOLF: As I understand any adjudication under
the APAA in ﬁccordance vith both Commission decisions and‘
court decisions, the ultimate standard of satisfyinq the
criteria is a shoving by iye proponant of the order by a
preponderance of the evidence that whatever sﬁandards you
have specified have been met. I think that that
preponderance of the evidence underlying the basic principle
do2s apply in this adjudication as well as in others.

CEAIRMAN EENDRIE: How would you judge the
preponderance of the evidence 1f for each geologist vho
thinks the release rate vill be at or less than a part at a
hundred thousand per year, there is an equal and opposite
geologist who thinks it is not. The credentials for these
people, you knov, they vent to appropriate universities, and

vorked in appropriate fielids.
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What are you going to do with a container where
for each metallurgist is prepared to say that the corrosion
datﬁ accunulated over these accelerated tests lead him, in
his best professional judgment, to think the container will
last for a thousand year:. For each metallurgist of that
kind there is an equal and opposite one who says that his
professional judgment is ihat it vill not last for a
thoﬁsand years. HNow, vhere is the preponderance of the
evidence?

COMHISSIONER BRADFORD: But if it really were true
that the scientific community vere split right down the
glddle as to vhether the repository was going to work as ie
thought it should, then I think it would be pretty hard to
go forvard with licensing at that point in time, one might
vant moﬁe work to be done. But I don't think that that is
vhat you are likely to see.

I thipk you may find, within the context of a
case, thaﬁ,one side has a geologist or getallurqist or two
vho také issue vith the applicant’s finding. I would be
surprised if wve vould have an application that got all the
vay intp the licensing process with 50 percent of the
scientific community thinking that it would not work.

CHAIREAF HERDEIE: But you don't quite get a
chance to get the whole scientific community duly educated.,

and then nmake everybody vote yae or nay. You get, on the
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one hand, the contractor's and consultants' people of the
Department that vill find in favor, and, on the other hand,
you get people who want to go tﬁe other way, and are willing
to come &and take the time to bring papers and testify.’

The ability of the board to hear from experts
after the first ten of tventy on each si&e must run dovn, I
wvould think, and I would expect that it wvould be no great
shakes to produce twenty each vay.

¥R. EARTIN: I think that is exactly the kind of --

CHAIRMAN HEKDRIE: It is hardly 50 percent of the
scientific community, but a relﬁtively snall number, like a
fev tens of expert geologists, metallurqists, or
vhat-have~you. I would expect that without a great deal of
trouble you could produce those kinds of numbers each way.

COEXISSIOFNER BRADFORD: But don‘’t you assume, for
these purposes, that there will have been staff reviev, and
ACRS review. I can’t imagine that this particular boafd
von't have a geologist among its three member. In essence,
the Connissioh vill have to go at, chev up, dlgest, and
bring to form .of that evidence mhch es it does other
disputed evidence in its proceedings noﬁ.

COEKISSIORER AHEARERE: I wvould also guess that the
Energy Department, if they are smart about their abproach.
vill do a peer reviev process of vhatever basic submission

they are making, and will have collected a reasonable amount

ALDERSON REPORTING COMPANY, INC, )
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345



10
1"
12
13
14
15
16
17
18
19

20

R

24

25

Lo

of support from the general scientific community for the
packaging and the engineered barriers that they are
proposing.

ER. MARTIK: I think that the problem that the
Chairman is worried azbout is just exactly wvhat ve have
oriented this rule to avoid. It is to keep away from‘thoée
areas that lend themselves to that sort of 50 percent
agreeing and S0 don't, andvthere is no in world ve knovw to
resolve it. But instead, direct attention tovard those
areas that are relatively more provable.

I think that it is a very good observation, and it
reelly gets to the heart of what we have been trying to
avoid. -

| COXEISSIONER BRADFORD: I guess you have Just said
better the peoint I vas trying to make earlier. It is not
that all the criteria that you have chosen are necessarily
susceptible to proof, so much as you have based the specific
criteria in the areas that aré, and stayed away from the
ocnes that seemed to be quagmires. ‘

HR. EARTIN: That is right, and it is best\to
recognize the quagmires in the beginning, rather than vait
for years and get the vhole proposal based on something that
is inherently not provable.

CHAIRKAK HENDRIE: I must say that I vish there

vas more agreement out there in the field as to which the
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11cénsability of the proposition improves, because there is
a constituency out there that feel that the staff approach
nﬁkes it intrinsicaliy less licensable by a substantial
nargin. I will be drat if I can figure out vhich side is
right.

¥hat I vould like to see is & rule that improves
the changes that you can license ; repository, because I anm
absolutely convinced that the desirable course for mankind
is to stﬁrt tucking this stuff avay, rather than leaving it
laying around.

COEMISSIONRER BRADFORD: But theré is a point vhere
you carry that proposition too far. You wind up vith a tdle
that is so bland, and so clearly Jjust a four-lane highway to
a license,'that both the potential host state and the
general public between nov and then is certain that the
process 1s without credibility, and does not protect thém
very much. Then, you actually havé a harder time getting a
facility licepsed in a useful vay, than you vould vith a
rule that péople can have more faith from the outset.

CHAIRMAN HENDRIE: True. In fact, i1f there vere
no licensing process, and oﬁe vas simply the head of =&
project to do a good workman-like job of putting it awvay,
yod would take very extensive precautions. What ve vould
like to do is to see those things imbedded in an appropriate

rule here.
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But the intrinsically different nature of the
licensing action here, from a public policy standpoint, is
something that I think wve need to have in mind as ve look at
these provisions.

"I keep hearing from folk outside the agency who
seen to feel that, as Shelly suggests in his letter, that wve

ouqht to stick with the overall performance requirerent,

meet the EPR standard, and not be so definite about the

subsections, about the thousand-year container, and the
hundred part, and therhundred thousand per-year leak rate.

In principle, I suppose, they vould also object to
the thousani year travel time, but people don’'t seenm
bothered by that, because I think most peoﬁle think that any
reasonable set of geology gill have a thousand year travel
time. So, it is sort of a freebe, and I guess people don't
complain ahdut that.

The other two there is great groaning about, and I
have a lot of trouble sorting out whether the staff has read
the situation co:recily, aﬁd th;f-the licensibility of a
reasonable repository proposition is, in fact, enhanced by
taking these sub-requirements that say, to have & good |
container, the design objective is a thousand years, and
then the other subsections.

Or, whether, as the other side argues, that that

is an unnecessary and burdensome over-constraint, and that
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vhile it wvould be fair enough to say, "look, we want the
repository to have some subsections to it, the containerc_
the overpack, the engineered system, the geologic setting,
and so on, and the contribution of each of those to
isolation of the vaste should be considered,” and so on.
What you ought to do then is simply have the overall EPRA
requirement as the iiceﬁsinq requiremént.

I must say, I have a lot of trouble telling vhich
gets us: there in the best shape.

COKEISSIONER GILIKSKY: We talked about this
several times. It seems to me that since the requirements
still don't get you all the vay, you still have sevetni
orders of magnitude to account for.

COMMISSIONER RAHEARNE: Kot for all the isotopes.
Some of fhes easily get you there. Some isotopes it will,
and some it won't.

CHAIREAK HENDRIE: The shorter-lived stuff, I
think 1f you meet -- For some of the isotopes, the
thousand-year cohfainer meets the EPA standards. For other
isotopes, yoﬁ need that plus the lov leakage, I guess.

COENISSIONER AHEBRHE@ It is a mixed bag.

CHAIRMAN HERDRIEs For others I guess, in addition
to the water travel time, one or tﬁo orders of magnitude
hold uvp in the rate of some isotopes getting out.

ER. FARTIN: I think the vhole thing comes down to
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2 question of the single merit of a figure, and that, of
course, is the vay to go. On the other hand, that leaves
conpletely open the questioﬁ of multiple harriets.'defehse
in-depth, and then one is in the positibﬁ of vaiting a few
yeérs until ve get an application to find out vhether the
right barriers have been picked, whether the repository that
ve all vant to license is, in fact, based upon technical
vork that is defensible and you can reach a consensus Oh.
| Ne have elected to try to use a reasonable
approach, identify vhat'thosé rultiple barriers should be as
at least a minimum, to enshre some diversity to the systen,
and try to steer the department tovards those things which
are more inherently provable, and away from quagnires.
| I guess, from my standpoint, to weit for a fevw
years to see if they move in the riqht'direction is, at
leest in my mind, relying on hope, primarily.
COXEISSIONKER AHERRNE: You also may have to vait a
couplg of years for the EPA standards to come.
ER. MARTIK: Thét is tiqht. ~

H¥BS. COMELLA: For instance, on the question of

the barriers that ve have identified, wvhen you look at a

repository systen, any repository system is going to have
those particular features.
The vaste is going to be put in a hole in the

ground, and now do you do with that? You can engineer it in
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such a wvay to take advantage of the fact that you can buy
something by thinking about how you comstruct that hqle in -
the ground. You have to get the waste dovn there, so the
inplic?tion is that you are going to have SOHe forms and
packaging if only to get the waste down there implaced. So
it is a very natural éomponent of any‘tepository systen. We
thought about what do you buy from enhancing that in some
vay, so that it makes the problem of regulation more
practical.

Again, the site, you have to choose the site, so
think carefully about what ihe site is, and wvhat sort of
properties the site might have, so that not orly do you hﬁve
2 good site that vill contribute to isolation, that is a
technical aspect of it, but a site that will letlthe
regulatory agency understand what it is contributiqq.»

That is sort of the vay we have come at the
problem. How can, given the fact that these barriers are
going to b2 there, how can wve use that in arfiving at an
understanding of hov the repository is going to function, so
that in fact ve can arrive ét>a licensing decision.

COEMISSIORER GILINSKY: I was going to say, since
there are still some orders of maqnitnde_that you have not
defined, sone geochemistry, or vhatever, it doesn't seenm
likely to me that one is qoinq to be backing avay from these

standards, particularly when you have to demonstrate the
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1 finel results with some confidence.
2 Sp I think that you will be driven to relying on
3 the kinds of things that are more definahle and more
- 4 analyzable, such as fhe container, and the ;epository
§ characteristics. .
6 We talk about vhether this is an over-constrained
7 system or not, and it doesn’t seer to me that it is an
8 over-constrained system. In setting the minimum i
¢ requirements, it doesn't seem to me that they have been set
10 unreasonably high.
1 I can't inaqiné, vhenlyou are talking about 2
12 thousand-year package, that one is going to vant to go to a
13 ten~-year package. There may be some adjustments you may
14 vant to make coﬁceivably if you were not constrainted in
16 this wvay, buf is there a lot of difference between a five
16 hundred-year pgckaqe and a thousand year package.
17 CHAIREAN HEKDRIE: I would not think so, frankly,
18 betwéen a five hundred year and a thousand _hundred year
18 package. )
20 The kiﬁd of agonized complaint that I hear is that

21 some of the package people think they are not going to be

R

able to prove that their container will container all the
23 radicnuclides through the first thousand year. What they
24 say is, "look, wve are going to be able to come in with sort

25 of the generalized experience of materials engineering over
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the past 40 years,” and say, "ve knov some things about
ours.”- And then we will have some specific corrosion tests
in ;haracteriétic repository, like saturated media, and
these vill have the characteristic of so many mils for the
first year, and then the rate drops to some equilibrium.
The will have done them at various temperatures. And they
vill vave hands over vhat the acééleration rate of the
temperature neans, and give you a lot of explanationS'ahbnt
the thefnoiynanics_constants that neither you nor I will
understand;

When you get all througch, there are very concerned
about their ability to make an adjudicatory environsent
proof ?hat they have got everything tied up, all
radionuclijes for a thousand years.

There zre all kinds of variabilities that are
there that they are vorried azbout, the range of the
corrosion data, a thousand years is a2 long time. The fact
that vhen one says, all-radionuclides, one envisionsAa
ranufacturing ani emplacement process which is ioo percent
effective wvith regard to‘producinq in each canister the
gyuality that vas intended to be there in the prototype
design.

~ So they worry that just on the basis of normal
nanufacturing quality, distribution, and so on, they will

not be able to show that there cannot be a canister that
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gets through, and it is out here on the ving, and it is not
nearly as-qood as the others, and so on.

I think that it is mainly the long time. That you
night get over by the way in which you did the nanufacturing
and inspection. But the long time over which this assurance
has to be offered really bothers those peéple.

COEXISSIONER AHEARRE: How do they, then, expect
to be able to meet the EPA criteria, or do they expect EPA
criteria to be softened. Because if they can't meet some of'
those subsidiary pieces, I am not sure --

COEBISSIONEE GILINSKY: Each éne is counting on

the others.

MES. COXELLA: The proof problem just wvon't go

avayYe
COMEISSIOKER AEEARNE: The Chairman vas saying
that he has been hearing from the people wvho have been

concerned about xeeting the pieces.

CHAIRKEAN HEKDBIE; Reasonable assurance, that is
vhy I have been qutterinq darkly about ;easonable assurance
for some time, anid. vhy I want some language vhich says vhat
ve mean by reasonable assurance for these long time in the
future prOpositions;

John, the answer to your proposition is that I
think the conteiner people, at least thebones that I talked

to, have confidence that they can produce a wvaste package
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vhich will last a long time, with really very minimal
leakage for some thousand years. But when the contemplate
proving that in the ﬁdjudicato;y format, I guess they
foresee d;fficulties.

COKEISSIONER RAHEARKE: Won't thevsame difficulty
arise, independent of vhether there are any of these
separate thousani year, ter to the minus five pieces, at the
end in their vision?

Would they also propose the EPA not be met in the

'adjudicatory format?

’ CHAIRMAK HENDRIE: I think, to the extent that I
can interpret wh;t I hear, I think what they would like té
do 1is tb meet the EPAR standard vith an engineering design in
vhich a reasonable professional judqmeht is'tﬁat you have
met it.

Is tha§ the sanme &s ﬁhe preponderance of the
evidence in an adjudicatory hearing, which you can |
:easonablf anticipate is going to be long and loud and
pretty contentiauﬁ. I detect that their-concern is that it
is not, and that the latter is a nuch more avkvard burden.

COMKISSIONER AHEARNE: I guess perhaps what you
are saying is that they wvould prefer not to have to fight
that battle on one set of numbers, which is the tofal
performance, as opposed.to the cbntainer, the engineering

barrier, --
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CHAIRKAN HENDRIE: Yes.

NRS. COMELLA: But when they came in with their
total system, if it were not constrained by the regulation,
and they got into the adjudicatory hearing, let us say they
vished to take credit for very long periods of time on one
particular engineered system, it vould seem to me that'thex
vould still have the "proof™ problem left with thenm.

If they vanted to take credit for that long period
of time in their calculatioh. they would have to be able to
néke a showing that indeed it was reasonable to accept their
confention that they could take credit for it. I aem not
sure vhat it buys in the long run, because I don't think the
proof problen goes away.

| CHAIRKAK HENDRIE: As long as we impose the proof
problem, in fact, it does not really go avay because
sonevhere 1ionq the sub-barriers you have to accumulate the
degree of isolation that the EFA standard mandates, that is
certainly true. _ ,

What it does do is to give them some fléxibility
as to hov they apportionAbetueen the sub-barriers and, I
nust say for reasons that I am not prepared to lay out wvith
any elo&uence because it appears to me, too, that the
problen rémgins there, but they seem to hé very concerned
about the container.

I don't know whether that suggests that the people
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I have talked to know something about container
netallurgical test that‘I don't know, or whether it is Jjust
that they afe all metallurgists and they don‘'t want to come
to heafinqs. or vhat it is.

I have not talked to the DOE people. I hear from
folks out in the industry.

COEMISSIONER GILINSKth These are the people who
vill actually build the containers.

. _CHAIRMAE HEEDRIE: I don't whether they would
actually build them, but they are invdlved. People in labs
vho are vorking on the program, and have some chunk of it or
another. I anm nbt proposind that vhat I am hearing is a
carefully balanced and inclusive §iew across all of the
elements out there. I hea:'from folks who call in with a
vord.

ERS. COMELLA: But the heart of the problem seems
to be their not being able to realize in a practical way
vhat reasonable assurance is going to mean. Is that sort of
the problen? |

COMMISSIONER AHERRKRE: To puf it in a différeni
vay, from what I hear, it is a lack of confidence that vhat
is described perhaps today as vhat reasonable assurance
means, will also carry through five, seven or ten years from
nowve

CHAIRMAR HENDRIE: One of the things that has
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occurred to me because I 30 have some problerms sorting put'
vhether you folks have read the situation just right, you
knov, and tunad it just right. Or, vhether there is some
nerits to the complaints from the other side that wvhat you
ought to do is to stick with the one overall objective, gnd
that indeel you can require these subsections, but don't tie
ther down to specific requirements. I don't knov.

One proposition might be to note specifically in
the discussion of the rule'that goes 6nt thﬁt difference in
point of viev as ve perceive it. I think Shelly's letter
gives you a nice vehicle, at first qlanéé at any rate, to
have that view cdnsolidated in a single documént, to note
the difference in viev, to note that the staff has cbde_doun‘
feeiinq that it is best, on balance, to specify thev
objectives, tb note that we have tried, as I presume we
vill, to make clear that rigorous proof is not to be had

here, and reasonable assurance sorts of things. I hope to

get some language in theref' N
‘Thén to ask for public comment on this particular
point, are ve in fact better off framing the requirements as
the staff drafted those, or would ve be better off the other
vay. .
COMMISSIONER AHEARNE: The other wvay being?.
CHAIRMAR HEHNDRIE: The other way, to have the

basic regulatory finding that must be made de the meeting of
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tﬁe EPR general environmental standards for repositorye.

That the éay that the NRC vould deal with the subsections
uduld be not to have particular performance criteria for the
sqbsections, but rather to note that we expect the
Fepositoff to have these subsections, and each of them vill
have to be discussed, and together they will have to meet
the overall standards.

COMMISSIORER AHERRKE: Would you have the staff
put 6utAsone kind of a2 technical guide wvhich would
incorporate those other requirements?

CHAIRMAN HENDRIE: If ve -wvent that way, you mean?
COMISSIONER AHEAENE: Yes. |

CHAIRMAN HENDEIE: You mean a Reg Guide with the
staff saying, we think it ought to be 2 thousand years here,
and ten to the fifth there?

COKMISSIOKER AHEARNE: TYes.

CHAIRKEAN HERDRIE: I am not sure. If you are
going to ¢o that way, I am not sure that you wvould want to
enbed as firmly as-a Reg Guide imbeds a requlatoﬁy position
to go a thousand years. '

COXKXISSIONER GILINSKY: Would the technical rule
then Jjust becone the one sentence tequirement that they
woﬁld have to meet the EPA overall standatd?

.~ CHAIRMAN HENDRIE: I guess it vouldn't, Vic, any

more than it vould if the subsection performance
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requirements vere not in the document that is before me. It
vould not collapse to sort of 2 one-sentence document in
that case. It runs 60-odd pages at present, and if ve took
out the performance requirements on the subsections, it
vould run 59.

- COMMISSIONER GILIKSKY: I guess I don't
understand.. Wouldn't you be dropping all of that favorable
factors, add'the unfavorable factors, and all that?

CHRIRMAN HENDRIE: No, I don‘'t think so, because
if one decided not to requite a thousand year container, for
instance, I don't think one would back ﬁvay necessarily from
vhat I regard as an appropriate version, if not the presént
version, of the favorable conditions on the geologic
setting, the adverse conditions as appropriate, and so on,
ani all the rest of this stuff.

COMEISSIONER GILIKSKY: I am Jjust opening a page
at random, and-it says here, *Instrumentation and control
systens,” and there zre certzin re&uitepents on that. Why
vould you keep those, or anything else for that matter.‘ Yhy
vould you have specific inspection, testing and maintenance
requirenents?

CHAIRMAN HENDRIE: In either version of the rule,
I think, for some of those thinqs.from sonevhere betveen
60.122 and 60.130, I think it would go right in the margin

Reg Guide Question mark. The further back I go through 130
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to 134, the heavier I print that. Some of those things, I
think, in either version of the rule may be intrinsically
Reg Guide.

You said that there is some commentary, and at the
noment I doﬁ't remenber the statement, consideration that
discusses the point aﬁd asks for comrent Qn vhether these
thinﬁs should be in the rule or Reg. Guide.

¥R. ERARTIN: On the const:uétion, and those
detailed reqguirements.

CHAIRMAN HERDRIE: In particular on that 130 to
134 stuff; rigﬁt? So you already have it in the rule, but
you are saying, ve recognize that some of this stuff might
indeed to Reg Guide if the people think so.

But where something vas judged to be appropriate
for the rule itself of this kind, then I wvould not think
that because one had perhaps decided ultimately to go a
syster requirement, and not include the specific subsection
requirements. I jon*t think that things like that
necessarily either go in or come oui.'

COMMISSIONER BRADFORD: How does vhat you are
suoqeétinq, Joe, go beyond publishing a short paragraph to
the effect that, of course, there is an alternative approach
vhich would be keyed solely to a specific performance
standard. That is not the Cohm;séion's prefétred approach

as discussed in a separately published justification,
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however.‘the Commission does solicit comments on it?

‘CHAIBHAN HENDRIE: I am not sure that it goes much
beyond that. I don‘'t knov vhether one might want to try a
stabd af. for inStance, an alternative fornulation of 60.111,
vhich remember is about three prages of the performance
objectives and sort of is the place vhere you really get to
the heart o2f the matter vith regard to this point. It might
be useful to take a cut at that, vhich might serve as an
alternative to get people thinking about it.

ER. MARTIK: T think fhat one of the problems with
that, with trying to nov redraft the regulation to be an
alternative is that most of the siting and many of the
design requirements flowv from the presumption that you do
have high integrity containers, and you do have lowv leach
rate. So you don't have to be so stringent on some of the
siting and other requirements.

If ve take that out, I would not be satisfied with
the siting approach that we have. I think it would have to
be reexamined very closely. I am not sure that it is so
simple as just rewriting the performance objectives, aznd say
that everything all stays the sane.

CONMISSIONER AHEARNE:' Could you expand on that a
ninute, Jack?  Are you saying ihai if you did not have the
thousand year container,.ten to the minus five, engineered

barrier, ten thousand year vater travel time, that the sole
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the description you have in here for the pros and cons as
far as advantageous site criteria and disadvantageous?
KR. EARTIR: That is right. For example, I think
the human intrusion probler then gets to be much more of an
issue, vith the potential disruption of the repository. I
don't :éally‘knov, I have not théuqht it out completely, but
a fev things come-to nind that get to be & bit of a

problem.

I think qnestioné of, is there a2 fault nearby, the

site gets to be a2 lot more =-- Take the Nevada Test Site, for

exanple, that gets to be more problematical in my mind,
vhere the proposed site of interest has several faults
running thfouqh it. How much of 2 problem is that now if
you can't reiy on having the waste bottled up during high
danger and uncertainty. I am just not sure vhere ve start
pelling on the string.

COMNISSIONER GILINSKY: You have a carefully
crafted document here, and it seems unlikelf that you are
going to come up with an alternative in days or veeks that
has met the test that this has in terms of internal
consistency.

It i1s one thing to ask people vhether the vhole
npptoach nakes sense, ani that is vhat wve are doing in

putting the thing out for comment, and we explicitly do
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that, wve explicitly point to an alternative approach. But I
think to come up vith another version is something that is
going to take many months. |

CHAIRMAN HENDRIE: I talk about possibly trying to
frame the guts of hov the alternati?e might look, I would
not contemplate rewriting the whole rule and doing vhatever
rehglincinc Jack feels 1s necessary. hﬁt vould simply
reframe 60.111 as a basis for getting people thinking along .
the lines of the alternative, to encouraqe\ihei; comments,
and then Jjust note that vhatever other adjustments, 1if oné
vent in that.way, in ofher sections of the'fule vere

necessary to make it compatible would be made.

COMEISSIONER BRADFORD: But Joe, it would have to
get have to get refrased at some’ point, because I think, |
then, if the Commission vere to go the way that is outlined,
then you would haQe to go for another round of comment at
the end.

- CHAIREAK HEFDRIE: Then you vould vith another
comment round, wouldn't you? -

COMMISSIONER BRADFORD: I think that that is
right. |

CEAIRKAN HENDRIE: Wouldn't you want to do that in
any case? |

COMNISSIONER ERADFORD: Yes. I guess that is

right, if you change the form of the rule, you do become
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conmitted to another comment round.

CHAIRMAK HENDRIE: Just from the standpoint of
trying to give people a ptetty shot at this one.

COENISSIONER BRADFORD: I guess that is why I
vould fdvbr just inviting comment on the question of the
approach to the rulé itself, vithout going to any very
extensive redrafting at this point, since if the comments
persuaded the-Conmission in fact to take tﬁe alternative
route, whatever it is, éiqht or nine months, the vhole rule
vill be out for comment again anyvay. It does not seem-to_
nake much point in having the staff spend much time
teformnlatinq.a fev of the criteria at this stage.

COEXKISSIONER GILINSKY: If there are a lot of
people out there wvho are upset vith what we are doing, they
are alert to it. It is not as if ve have to point out to |

them the élternatives. They can alvays say that they have

>alternativas in mind, and it dces not sound as if they are

going to fail to comment.

Certainif if wve open up some other possibilities,
it sounds to me that ve would receive a great deal ofv
corment on the point.

HR. HkaIN: I would not mind seeing some
alternatives proposed by those that don't like it, together
vith some discussion of how they think it deals with these

problens.

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345



10

1

12

13

14

16

16

17

18

18

21

24

25

60

COMNISSIONER GILINSKY: Which is the point of
putting out the thing for comment.
KR. MARTIN: We have really heard very little on‘

this, other than ve would tealiy rather not do it. But how‘u

you deal with soma -0f the sites bdeing considered now, I am

‘not sure hov you deal with them, without what we have got

outlined here. Just changing the performance ohjectivéé, I
don‘’t think really does it. ; think'tﬁen ve vould really
have to give a good hard look at this wvhole siting
question.

CHAIEMAR HENDRIE: Where are the siting
requirenemnts?

KB. MARTIN: They are those favorable and adverse
conditions. That I think would have to be a much more
absolute ihinq, rather than just sort of a relative
balancing. ) § think've have to think in terms of real sites,
Hov vould you apply them? I amvnot sure hov I would apply
them to any of the sites being looked at today, if I could
not fall back on the canisters and the leach rate. It just
has not been thought through.

This wvhole thing has been the result of a couple
of years of discussion, and give and take, public comment.
The performance objectives and the siting things are all
integrally entwined, and they proceed one from the other,

and not independentlr; I really have not given & lot of
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thought, I don't think any of us have, &as to vhat if we
proceeded from another basis, hov would that affect siting.
I can think of some specifics that f:ouhle ne enouqh.}
COEKHISSIONER AHEARNE: Let me make this

suggestion, Joe, if I can.

| We are mot at the beginning of June. I think we
have go to face the: fact that if ve vant to get a rule out
for comment in the next couple of months, wve reazlly ought to
get 1t out in the next couple of week#. because after that
there vill be 2 number of nev people coming in the

Commission, and I would expect, just practiczlly speaking,

they vwill want to take a lengthy period of time to go

through if the rﬁle is still sitting here.

COMKISSIONER GILINSKY: That vould be putting them
in a difficult situvation.

COEMISSIONER AHEARNE: That is riéht. I think
they would, Jjust as any of us coming in would, want to take
the lengthy time, or some reasonable time to pull the
tnderstanding together. I think ve have got a fev wveeks,
really, to get the thing out.

hs you have pointed out, obviously there are some
people vho are very concerned about the approach being taken
on the specific details. Perhaps if'you could expand z
little bit that portion that is now in the statement of

considerations to pick up a 11tt1e'bit of the concern that:
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you have that this may be an over-specified,’
over-constrained approach, and the comments are requested on
the alternative approach,

. But I think it ought to go on and mention the
concern that Jack has, that going the alternative approach
kprobably wvotld not mgrely mean pulling out the ten thousand
years and ten to the minus five, it may well mean a |
substantial changs in the structure of the siting approach.
But at least it vould highlight that we recognize that this
is a real issue, and then get out basically what we have,
because'I am really concerned that we have the potential of
coming to a standstill.

CHAIRKAN HENDRIE: Let us work on it. I will get
some paper around to you. |

COEEISSIOKNER iHEBRNE: If necessary, ve can take
that one section that you would 1ike to see revised, and
revise those couple of pages tﬁat is an example of the
alternative, but it ought to :éally carry with it the point
that Jack has ma&e.’ | '»

KRS. COMELLA: Also, I think the practical
inplication of the ?iternative forﬁulation, vhat does it
mean? It is one thing to say, ¢go the system approach, but
how doés one realize that in the licensing setting? I think
the feedback from that would be very important.

COMEISSIONER AHEARNE: From the licensing point of
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view, you would then really focus upon thé EPA standard,
that wvould be the sum and substance of the final decision.
Do you have reasonable assurance that you can meet the EPA
standard.

WR. MARTIN: But that voul& focus back on the
geology.

RS. COMELLA: That focuses back on the same
problen.

’ COEMISSIONER AHERRKE: It would focus back on the
sare problem, and you would have to go through an analysis
of each of tﬂose segments, the package, the barrier, and the
geology.

But just in responss to your question, as far as
the licensing decision, it would then be based upon |
reasonable assurance that the EPA étandard‘is met, as
opposed to currently it is reasonable assurance for separate
pieces. -

ERS. COMELLA: ~WRhat I wvas keying back to you vaé
vhat Jack had mentioned about coming in, then, with some
discussion of vhat they mean. I get it.

CONNISSIONER AHEARNE: I am just trying to urge
everyone to see 1f ve can't get closure in the next week on
vhat is going to go out, because I have a very strong sense
that if ve don't, it will be the end of the summer before

anything goes oute.

_ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) 554-2345



o -~

10
"
12
13
14
15
16
17
18
19

20

24

25

64

COHHIéSIONER BRADFORD: I agree fully with that.
In that spirit, I guess I need to know vhethér there-are any
overvhelming problems with the things thatAI have circulated
in the last few days. |

COXMISSIOKNER AﬁEARRE: Part of the problem, Peter,
is that you have circulated some vhich weré overtaken bxi
oihers that ycu‘circulated.

COMMISSIONER BRADFORD: That is right. HNy point
is, 1f we reach that conclusion vithin a veek --
COMKISSIONER AHEARKE: I think the staff, at least

, \
as I skirmmed, I believe they have accommodated you in many

casese.
COMMISSIONER BRADFORD: That is right.
COMEISSIOKER RHERRNE: I vould propose ve look at
staff's latest version as the vorking document, as opposed

to trying to sort out your points.

COKMISSIONER BRADFORD: It wvorks vell up to &
point. There are a couple of mine that in discussion vith
the staff -- _ N | |

COEMISSIONER AHEARNE: What I am saying is that if
you could take the,staff‘s lﬁtest document and see 1f you
have any rajor problens.

CO!HISSIONEB‘BRADPORD¢ You wvant another memo?

COKKISSIONER ABEBBHE( Yes, I think that would

probably be the most effective way for all of us to address
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it, 1f you have any real sticking points on this document.
"COMMISSIONER BRADFORD: That is fair enouqh; It

won't be a patter of sticking points. There will be one or
tvo areas vhere the staff and I Just left it that I wvould

draft, and they vould nod. It is not that there is a

disagreement, it is just that the change has not been nade.

¥hat does that leave us by vay of schedule? I can
get that memo around today, I think.

COEMNISSIONER AHEARRNKE: Let's leave it the vay it
is. a |

CHQIRHAN HENDRIEs Pre or post last night?

There was a memo from Howard having to do wvith the
relation of this rule to other CFR rules, etc. There was a

reconmended clarifying statement to go in on page 11,
innmediately before the section on major features of the

proposed rules in relation to other parts of NEC

regulations. I suggest that wve Jjust include that in.

COXHISSIOKER BREADFORD: This is Howard's June 17
CHAIREANK HENDRIE: Yes. It vas that question,
vhat do you do 1f you have got AFR oh the site, and you
license under this, because this rule talks about --
COHEISSIOHBB'GILIﬁéKI: he vants it circulated?
CHAIREAR HERDRIE: I think intrinsiﬁally it says
that ve will do reasonaﬁle things if the matter comes up.

COMKISSIONER AHEARRE: If ve find a connection.

ALDERSON REPORTING COMPANY, INC,
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CHAIRMAN HEKRDRIE: Yes. It says that ve would

license under 72, even if located at a repository ares,
provided that it is sufficliently separated to be classed as
an independent -- | |

COMEISSIORER BRADFORD¢ Did this one g¢go through
the full staff, and did it cause any problems?

CHAIRMAN HENDRIE: I don't knov.

COMMISSIONER BRADFORD: Did this ome cause any
problem as far as you are concerned? | .'

| CEAIRMAR HERDRIE: Dircks® memo just said that the
ELD has prepared a2 recommendation which is forvarded
separately, but you did not say whether you liked it or
not. | |

EE. DIRCKS: Howvard and I have an ﬁnderstandinq.
When he wants to speak completely out'oq legal issues, he
just sends it on dovwn, but it does not confl;ct.‘

CHAIRMAN HERDRIE: You don't see any problems vith
it? _

One last thing, "With regard to the respective
authorities of the NRC and the EPA," says ¥r. Dircks, “"wve
understand that the Office of the General Counsel will be
prepared to speak to that issue at the June 2nd Commission
‘meeting. |

Can you 40 it in tvo minutes or three?

ER; HALSEH:_ I can, except I am not completely

, ALDERSON REPORTING COMPANY, INC,
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sure vhat the question is.

COEMISSIONER GILINSKY: It reminds me of a guy vho
told me he could deliver a lecture on any subject as ionq.as
he had two slides which he put in upside down, and by the
tire they had sorted it out, the 1ectu£e.was over.

(Laughter.) _

COMNISSIONER BRADFORD: I should note, Joe, that I.
still have a question on (7) as wvell. |

CERIRKEAR HENRDRIE: 1T ar not sure vhat the question
vase

ER. BELL: This is the follow oﬁ sentence vhere ve
said something about following the EPR and thereby making
sure that no individual gets --

Hﬁ. MARTIN: We have deleted all of that.

BRS. COMELLA: It is the period.beyond ten
thousand years, the EPR was silent on what our authority
vas.

CHAIREAN HENDRIE: At the moment it is not clear
wvhether ve carry beyond ten thousand years or note.

KRS. COMELLA: That is correct.

COEMISSIONER GILIRSKY: It makes for rather long
Commissioner terms.

CHAIRMAN HENDRIE: We ought to say, shall serve
five years or such time as may be required --

COKKISSIONER AHEARNE: -- to complete delideration

ALDERSON REPORTING COMPANY, INC,
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on' the rule.

CEAIRKAN HENDRIE: So we don't have a problen
about the EPR thing. The business about vhether or not our
rule runs beyond the EPA thing is something wve ought to hack
a little bit at. -

There is still some language in the supplementary
information, I think, that runs that way, isn’t there? It
is just sort of ambiguous in & couple of places.

MR. ¥ARTIN: I thought ve had made conforming
amendments to take all of that out. The idea vas, if ve
have a problem with that, ve will comment on the EPR rule.

HRS. COXELLA: Yes.

ER. MABRTIN: That wvas the idea.

MRS. COMELLA: There is nothing that is in
conflict with any dfaft of the EPA standards that we have
seen there.

CHRIRMAN HERDRIE: Not conflict, but that there
seens to be still in various places a look:-required, things
requiréi out after thé EPA time. For instance, let's
scr§tch heads and talk about it next time, because I am
running late nov, page 12, down at the bottom, it says, "The
analyses,”™ or "the analysis,” depending on which version you
like, "performed, can and w111 £e 1qrqé1f quantitative
during the'pEriod ihat greatest ieliance can be placed upon

the engineered system up to about ten thousand years after

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202) §54-2345



10

11

12

13

14

16

16

17

. 18

19

20

21

N

8

24

69

closure. Thereafter, although the issuves of concern, and
certainly the physics of the repository itself do not
change, the nﬁnerical uncertainties begin to become Sso large
ghat the calculations become more indicative of expected
repository behavior rather than definitive and actual
perfﬁrmance. Hence, such celculations,"” wvhich I take it to
mean post ten thousand year caléélations. 'iill be
supﬁlemented nore heavily by gqualitative, etc."

" I am not sure -- I have not attempted to pick out
all the places, but I noted -

H¥RS. CONELLA: We will‘nake sure that ve have gone
through and identified certainly a2ll thésé places vhere
there is anbiguity.

COKHISSIOHER-AHEABHE: ~Rhere is the resolution
going to come out? EPA ends at ten thousand years.

MRS. COMELLA: It is not clear from the dfaft of
the EPR standard.

¥R, BELL: Their drﬁft in the Federal Register
notice indicates that they think the repository after ten
thousand years should cﬁntinue to perfornm af about the same
level of performance that it vas performing for the first
ten thousand yeﬁrs. ’

COMMISSIONER GILINSKY: They seem to be saying
that if it meets the ten thousand year standard, it ought to

function reasonably vell after that for some undefined
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period of time. The standard cut off at ten thousand years.,
but thére is the implication that they don't think it will
continue to vwork. We want to get that clarified in the
reviev of -the EPR standard.

KERS. COMELLA: If I am not mistaken, I thought

that at one time, for instance, ELD had mentioned in some

1hternal‘staff discussions that if that is not clarified,
that point could be raised in one of our licensing hearings
as to thé period of hazard, and hov long ve hag to deal ﬁith
it. I could Se mistaken, but that was certairly one of the
impression that I gathered. If that is correct, it poses
litigative risk vwhen ve get into licensing.

COMMISSIONER AKEARNE: It poses calculational risk

if you are ¢going to require an uncertainty into future
calcultions.

KRS. COKELLA: That is true, too.

COEMISSIONER BRADFORD: Is the EPAR in curiles or
rens?

KB. MARRTIK: Curies.

CHAIRMAR HENDRIE: I think that it is a point that

ve ought to straighten out. It will be helpful to our own
boards and adjudicatory process if wve cohld be clear in this
rule_as to what we 1nten&; so that it is not left as a vague
point to be srgued about and decided by the adjudicatory

process in due time.
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I nust sgy to you that I don't know what the
Commission'’s decision on the matter is. I can tellryéu vhat
I think it ought to be. I think the EPA group vas vise in
liﬁiting the time, in vhich shouings have to be made,
calculations and so on, to ten thousand years. I think ve

ought to do the same with regard to performance objectives

‘and doses, and all the rest of that.

What I think ve would like to see is that at the
ten thousani year point, the qtadiant is right. That is,
calculations about releases}.and so on, up to ten thousand
years, and you then go ahead ﬁnd squint into the misty
future briefly. and are able to say, and I‘don't see
anything very obvious out there to me that suggests that
things are going to change radically soon after the}ten
thousand year period, that is, stuff lesking slovly, if at
all, ani that the gradiant is unéhanqed as you ¢go across
that boundary. .

It just seems to me that you are going to hafe to
find 2 vay to frame that proposition without requirihq'
people to come in and preseht you very much in the way of
sets of calculations that go on out to hundreds of thousands
of years, or vhatever the heck.

I qﬁess one could meke that kind of calculation on
a very sinplified basis; on the proposition that there are

not any unanticipated changes in the geology on the ground,
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or it continues to move the way it has alvays moved, the
geochemistry is the same, and there aren't earthquakes, and
so on.

| Then, I guess, you could do & calculation, how
auch good it vould do you, I don‘'t know, because your
ability to say indeed that nothing vill change out there in
the indefinite future gets less and less distinct.

R1ll you can say is, it stayed about stable for a

good long period up to the present, and ve don't see any

obvious reasons for it to chanqe, and that is about as good
as ve are going to be able to do. I think that is the kigd
of ccnclusion you would like to make as you look into the
future.

¥RS. COKELLR: - Yes.

CHAIRHK& HERDRIE: If you can find some way to
scratch the rule out on that basis, I would be happy, and
vhat my colleagues vould feel, I can't‘tell.

COEXISSIONER GILIRSKY: What is in the rule that
bgints to that point of view?

CHAIRMAN HEEDRIE: I am not sure that anything
does. | ’

KRS, COMELLR: I anAnpi sure anything does
either. o

o CHAIRKEAN HEHDRIE; Back before the last meeting or

tvo, there vas some extension beyond the EPA period, and
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sone suggestion that the DOE would have to make showiﬁqs
that everyfhinq vas great out there.

HR. XARTIN: I thought that we had gotten those.
We will look sore more;

CHAIRMAKR HEKDRIE: We agreed back there, on
further consideration the staff did, to pﬁll-back before
required findings to the EPA period, and you took them out o
the rule. I am not sure they are all out of the front end
of it, andAthe thing that I cited vas at the front end, ang
it may just.have been an oversight.

¥RS. COEELLA: It was an oversight, certainlye.

COMMISSIORER BRADFORD: Were these_ the deletions
vhere you took out the phrase *and vill not in result in
significant doses to any individual members of the public?

MBRS. COMELLA: Yes.

_ COEKMISSIOHER BRADFORD: How does that change the
tine period, as distinguished from calculating from curies
to rems? | |

NR. EARTIN: I think that discussion vas more,,
these are extra tequireﬁents over and above the EPA
standard.

COMHMISSIONER BRADFORD: Right, but it seems to me
nov that they vere being ﬁut 1n'the posture of also having
to do with time period.

Inéidentally, I am not sure I agree with those
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changes adyway, but that aside I don't understand them to
have had to change the calculatipnal periods.

CHAIREAN HENDRIE: The proposition vas to accept
the EPA's authority to establish the qenérally accepteble
environmental standards, and to then say that once those
were'estahlished. and the EPR for instance had calculated
these isotopes‘over ten thousand years and meet that, not
more than so much of each isotope, ve vere then going beyond
that saying, vell, wve are qoinq to go ahead and calculate
doses out into the future sometime which would show}they aré
not large, and so on. ‘

COH!ISSIONBR’BRADPOBDx One of the changes had tb
do with actually using the doses as a regulatory basis. The
other two, I thought, Jjust required the calculation.

CHAIRKAN HENDRIE: There vas also some dose
calculating out there beyond the EPA time. What I suggested
is, ve ought to (a) respect the EPA's authority and (b) make
use of their wisdom.

© CONKISSIONER BRADFORD: Accepting that, Joe, what
about dose calculations vithin the EPR time, vhere does
anybody do that at this point, if the EPAR standard is not
set in doses?

CHAIEHKN'HENDBIE: We still ask for a dose
calculation?

¥BS. COKELLA: That vas eliminated.
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COENISSIOKER BRADFORD: It is on pages 8 and 25,
and that is part of the overall elimination of dose rates
from the regulatory portion that you had pointed out
before.

XR. MARTIN: We took it all out.

KERS. COMELLA: Page 25 dealt with the calculation
as described in the SAR, and thaé vas also deleted.

CHAIRKRAN HENDRIE: Good. It came out a lot better
then I thouaght. | ~

COMMISSIONER BRADFORD: The proposal is better
than you needed. As I understand it, it does mean that at
this point nobody is calculating the dose to be expected
from the releases, which seems to me to be something that
one vould vant done.

COMMISSIONER GILIKSKY: Which it is.

'COMMISSIONER AHEARFE: You can calculate the dose
to the hypothetical individual --

 COMEISSIONER BRADFORD: Whatever calculation it
vas that the staff had in mind.

COMMISSIONER AHEARNE: If you recall, at the:
previous meeting that is vhat vas discussed, and it vas that
calculation they had in mind.

COEKISSIORER BRADFORD: Yes.

CO¥MISSIONER AHEARRNE:s That is really the only

dose that you can calculate. You can't really do a =--
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COENISSIOKER BRADFORD: Yes, you don't khow
actually vho is going to be vhere in a hundred, never mind
ten thousand years.

| COXMISSIONER GILIKSKY: Or vhich planet.

COEEISSIONER BREADFOERD: But I would like to léave
that calculation in as a required calculation to be made;
even it is taken out on the page.vhere it seemed to be a
regulatory requirement. |

| COMEISSIONEE AHEARNE: Peter, do you see it more
than = tramslation of the curie isotopes, therefore the type
of radiation and, therefore, using the bioclogical effect
factoréc etc.?

COXMISSIOKRER BRADFORD: Ko. A

COMEISSIONER AHEARNKE: 1In your vievw, it is
strictly a mechanistic calculation?

CGHEISSIONER BRADFORD: Yes, as it is nov, I
guess, with reactor lic;nsinq.

CONEISSIONER AHEARNE: The significance then is to
insure that rather than ouf doiﬁﬁ-the calculation, the DOE
does the calculation.

| COXMISSIONER BRADFORD: It just seems to me that
it ought to be part of the process, yes. |
| CONNISSIONER AHEARNE: By paxinq it part of the
process, the significance of it would be vhat?
- COEISSIONRER BRADFORD: The significance of it
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'uould be that we would be stating vhat the maximum dose wvwas

as it could affect the hypothetically person as
distinguished to simply stating it in curies. After all,
£he enﬁ result of this process should be one that focnées
not just Bn 2 number of curles, hut.links that number of
curies to a dose.

COMXISSIONKEE AHEAREE: But would you}embed in the
concept that it would then open to question vhether the EPA
standard vas acceptable?

COEMISSIONER GILIRSKI: Acceptable?

COMEISSIORER AHERERE: Yes.

COMMISSIONER GILINSKY: Het or acceptable?

COMKISSIOFER AHEARKE: No, acceptable, because
meeting the EPA standard has nothing to do with the dose.
The EPA standard has to do wvith the curie release. If ve
are qoidq«to do the calcuation of the dpse. I agm trying to
cnderstand what is the significance of doing the
calculation? - | » .

COHHISSiONER BRADFORD: If it turned out that 1t
vas a terridbly high number, then I qhess I vould want to
knov that.

fOBEISSIOHER AHEARKE: But 1§ the purpose of it to
then raisinq}to duestion the acceptability of the EPRA
standard? .

COEMISSIOHER BRADFORD: It could be. If it turned
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out that ve could not question the EPRA standard in our
proceeding, then ve ought at least to let our Congressional
comnittees know that we thought there was a problen.

COKKISSIONER AHEARNE: But you can do that '
innediately. ‘

| COEEISSIONER BRADFORD: By calculating the EPA
standard.

COMNISSIONER AHEARNE: That is right. If it is
strictly a mechanistic calculation, then given the EPA
teleﬁse nurbers, you can do that calculation and conclude
vhethér or not they are acceptable. If you conclude they
are acceptable, I am not sure how they would fit the
process.

. CO!HISSIbHER BRADFORD: I guess that depends on
vhether the actual license as applied for would contemplate
releasing riqht at the EPAR standard, or to have the EPA
standard -- |

COMMISSIONER RHEARKE: Sure, but the acceptability
of the EPA numbers could be determined immediately.

COMKISSIORER BRADFORD: Yes.

COXMISSIORER AEEARNE: Because if one of the
critetiﬁ is that they nust be met, they could not exceeded
anyvaye. |

COKEISSIONER BRADFORD: Right.

COENISSIONER AHEARKE: Therefore, you can do the
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calculation immediately, now.

COKMISSIONRER BRADFORD: That is ridht.

CO¥KEISSIONER AHEARHE: Then, 1f they are
unacceptable, then fon point to it to raise it whatever
place you feel that ought to be raised.

CONEISSIONER BRADFOBD: Within the context of the
EPR standard.

COMMISSIONER AHEARNE: But if they are acceptable,
I ar having difficulty understanding hov you would fold into
the p:bcess the ra2sults of that dose calculation.. |

COEMISSIONER BRADFORD: Well, I had not really
thought it through, except that I would like to have it. It
seems to me th&t it always clarifies a little bit to be
thinking of it in terms of potential dose.

COEMISSIORER AHEARNE: I agree with you tﬁat it is
a more reaiily ‘unierstandable set of nuﬁhers, but wvhat I
vould expect 1s relying on the staff to do that calculation
as opposed to imbedding it as part of the process.

COMMISSIONER BRADFORD: You may be right.

CHAIRMAN HERDRIE: I just wouldn't do it in the
context of reviev of the specific applications because as
formulated you don‘*t see thié dose, in fact it probably
dccu:s somevhere out between five andvten thousand years in
the future. It just seems to me to be not a very useful

proposition to say that we have calculated the dose to an
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individual.

COXXISSIOKER BRADFORD: EPA, however they state
their standard, has got to have done it.

CEAIRKAR HEKRDRIE: Yes, but presumably they have
done that calculation or range of calculations eas a‘part of
deteraining the cnrie release standard, and found that they
believe them to be #cceptahle snall, and so on. HKaving that
determination made by EPA, I wvould not tinker with it.

I believe that is why that Federal Radiation
Council authority was passed, so that they would do things
like that, decide what release levels ought to be on the
basis of appropriate calculations in proceedings and
consideratiorns, ind that they publish. Then 211 the rest of
us take guidance from them.

As John said, the staff can back calculate, and so
on, in the context of commenting on the EPA proposal. That
is something that could be dome, but I just would not do it
for specific applicationse. |

| COlHISSIOHEE BRADFORD: You would ﬁot require it
of a specific applicant. I can‘'t bélieve ve wvould actually
license a repository vithout knoviuq vhat ve thought that:
nusber wﬁs in the licensing process.

CONEISSIOHER AHEARNE: Xy concern vas just trying
to £it it into the process. I agree that it would

definitely be a number that you would want to know.
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 CHAIRMAN HENDRIE: I am not sure vhere that leaves
you, John. |
COEEISS;ONEE AHEARKE: I Just don't see a need for
it ¢to be_inbedded in the ruvle as a requirement. I wvould

] .
vant the staff, vhen they are providing the comments on the

"EPA numbers to do that calculation for us. I think that

that is the place vhere we dnqht to join the issue early.
COMEKISSIORER BRADFORD: I am prepared to leave it

for now.. I §ness ve will all be smarter about vhat the EPA

standard is actually going to be by the time they publish

the final rule, and if it is a real source for concern

there, ve can raise it again.

CHAIRMAN HENDRIE: By the vay, any late wvord on
progress?

COMXISSIONER AHEARNE: Whatever it may be, I am
confident that Mr. Kicholas will still be here when that
rule gets out, but the rest of us, it is much less
optimistic.

MR. DIRCKS: I think their rule slipped 2 bit. It
is due to be revieved in July nov for a possible
publication.

CHAIRMAN HENDRIE:s It is better than I thought it
vase.

Okay, thank you véry muche.
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(Whereupon, at 12335 p.hi., the Commission

adjourned,)
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