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Secretary, Nuclear Regulatory Commission
Attention: Docketing and Service Brunch
Washington, D.C. 20555

The Department of Energy (DOE) is pleased to submit comments on the 10 CFR 60
"Technical Criteria for Regulating Geologic Disposal (of) High-Level Radio=-
active Waste" which were published as an Advance Notice of Proposed Rulemaking
in the Federal Register on May 13, 1980, 45FR94, pages 31393 through 31408,
Our comments are provided as three enclosures as follow:

I« Enclosure 1 provides the Departments' response to the four specific
questions raised on page 31398 of the Federal Register Notice.

2. Enclosure 2 addresses major concerns identified in the course of our
review and which we feel merit detailed consideration by the staff.

3., Enclosure 3 is a listing of specific comments and recommended revisions,
many of which are editorial in nature or would improve the clarity of
the regulation.

The enclosed comments represent the consensus of technical opinion available

to the Department. In addition to the consolidated comments noted above, we

are transmitting, verbatim, input we have received from a number of recognized
experts which we recommend for ycur consideration. These experts are R. Ellison
of D'Appolonia, I. Remson of Stanfor. University, H. Ross of the University of
Utah Research Institute, G. Pinder of Princeton University, F. Parker of
Vanderbilt University, N. Cook of the University of California and J., Bird

of Cornell University.

During our review of the draft technical criteria it became apparent that the
staff has expended significant effort in developing the proposed regulation.
Consequently, our review has been chiefly directed towards identifying those
areas where technical or interpretative ambiguities exist; where requirements
appear excessive without an associated benefit to the public health and safety;
where numerical criteria are suggested which have no supportive basis that

we are aware of; or where implementation of the criteria would be difficult

or impoesible due to conflicting requirements or state-of-the-art limitations.
Additionally, there are a number of instances in the draft technical criteria
where we believed that design details and other limiting specifications (for
example, hoist design) are being considered by the Commission when detailed
design considerations are more appropriately within the purview of the
Department for ultimate review by the Nuclear Regulatory Commission (NRC) staff.
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The considerations addressed in the draft technical criteria are in general
compatible with thcse currently being applied by the Department in its site
evaluation and preliminary design activities although the application of the
criteria causes some concern. The Department's approach has been extensively
documented in its Statement of Position (DOE/NE=0007) submitted in support of
the Waste Confidence Rulemaking. The licensing process to which the Department
will be subject, including SAR/ER submittal and review, should provide an
acceptable forum for evaluation of the Depariment's approach to overall
repository safety. Consequently, we feel it necessary to take exception in
those cases where the Department's responsibility to demonstrate safety would
appear to be preemptad by the NRC staff or where adequate flexibility is not
allowed. These concerns are more specifically discussed in Enclosure 2.

We will be pleased to discuss the enclosed comments with the NRC staff at your
convenience.

Sincerely,

. Mepre.

Sheldon Meyers
Deputy Assistant Secretary
for Nuclear Waste Management

3 Enclosures



Enclosure 1

RESPFONSES TO FOUR PARTICULAR QUESTIONS
(Page 31398)

Question 1:

Does the list of considerations above clearly, adequately, and fully identify the
relevant issues involved in dispcsal on HLW?

Response:

The list of considerations does identify many key issues, but does not address
them with sufficient clarity. There was an apparent emphasis on exhaustively
listing items believed to be important by the staff. The actual importance of
meeting the criteria, relative to safety, was not explained. For example
60.122(b) lists what the staff perceives to be "pctentially adv/ rse" conditions
with no parallel attempt to explain why each item was stated.

Clarity suffers from both the organization and the writing style.

A
The "Nature of the Problem” is defined by listing five problem areas and six
underlying principles. Seven considerations are then listed and comments
requested on four questions. The draft technical criteria include eight
active sections which do not appear to relate to the considerations introduced
in the preamble.

The connection between the subtitles of the discussion of "Considerations" and
the material discussed is difficult to understand. Subsection (1) "Systems
Approach" is the basic "defense-in-depth" concept with which many are more
familiar; Subsection (2) reads like design-basis events; Subsection (3) is an
enlargement of (1) and might better be a part of it. Subsections (4) and (5)
are ambiguous as written. We assume that under (4) Commission staff was trying
to comment on whether one could identify "fatal flaws" that would exclude sites
from consideration and, conversely, whether one could identify inclusionary
attributes. It seems the issue of siting criteria remains open and is not yet
to be specifically addressed. In fact, however, the technical criteria do
include siting criteria. In (5), Codification of Models, the staff appears to
be attempting to come to grips with how much weight is to be given to the use
of predictive models and whether specific models should be specified. The
treatment given this subject does not clarify the issue. The codification of
specific models at this stage of development for both models ard criteria is
premature.

The supplementary Information section is not worded clearly. The following is
quoted from discussion on "Codification of Models" (p. 31397) as an example:

"If one views the realization of our understanding in geologic
dispcsal from successively more nearly complete and accurate
qualitative descriptions of the observed phenomena in question
through more precise and semiquantitative and quantitative
spproximations where uncertainties are better understood and
can be treated mathematically, to an elegant theorv embodied
in a mathematical description which represents a culmination
of human thought, the present state of modeling for geologic
repositories is closer to qualitative than quantitative."



The major problem with the Supplementary Information is the apparent inadequacy
of the treatment relative to the criteria themselves. More importantly, the
background section does not provide support for the criteria. For example, the
numerical requirements in the Performance Objectives (60.111) are totally
unsupported. Prior to issuing a proposed rule, it is imperative that the bases
and rationale be fully illuminated. Also, as noted above, there is little or
no correlation between the organization of this section and the criteria them-
selves.

Question 2:

Would a rule structured alc.g the lines of the referenced draft rule reasonably
deal with issues in an appropriate manner?

Rosggnso:

The basic structure of Subparts E-I is appropriate, however, many changes to
the contents are needed. More importantly the bases and rationale should be
structured in a manner consistent with the structure of the rule.

Question 3:

In light of the fact that EPA has the responsibility and authority to set the
generally applicable envirommental standard for radiation in the enviromment
from the disposal of HLW, with what factors/issues should an NRC envirommental
impact statement on technical criteria deal?

Response:

The NRC EIS should address alternative approaches to regulating repositories
(e.3., no requirements on individual elements of the system, qualitative
requirements instead of quantitative requirements, etc.), environmental impacts
of complying with the rule as presented compared co the alternatives, and cost
benefit analyses of complying with the rule compared to the alternatives.

It should also address the trade off between potential decreases in long term
impacts versus the actual increases in present day impacts resulting from the
extensive site characterization requirements.

guestion 4

What are the envirommental impacts of criteria constructed in accordance with
the above cited principles? What alternative criteria exist and what are their
impacts?

Renggnsc:

Envirommental and cost impacts will be associated with the requirerent to
characterize multiple sites at depth (44FR70410), the requirement to design
to preserve the opticn to retrieve for 50 years afte:r emplacement, and the
requirement to utilize a 1000-year waste package. Alternative critsria are
proposed in the ONWI 33(1) through 33(4) series and in the Department's
Statement of Position for the NRC Waste Confidence Rulemaking.

2




Enclosure 2
MAJOR ISSUES

A. STANDARD OF PROOF

The staff apparently recognizes in 60,111, Performance Objectives, that it
is impossible to prove with certainty that the performance objectives will
be met in the far future. Thus the phrase 'reasonable assurance" is used
in conjunction with several of these criteria. It would be useful to
provide, possibly in the statement of considerations, a discussion of the
standard of proof implied by "reasonable assurance"”. The Commission should
also provide guidance relative to the time over wtich reasonable assurance
of isolation must be provided. The Department has proposed an objective of
10,000 years as indicated in its Statement of Position on the Confidence
Rulemaking. We propose that a 10,000 year requirement be set by the
Commission in this regulation as a performance objective for the repository.

B. TRANSURANIC WASTES

Although this document is titled "Technical Criteria for Regulating Geologic
Disposal High-Level Radicactive Waste", there are references to TRU wastes.

it is assumed that the references are included to address the disposal of TRU
waste in a HLW repository. However, we believe this point should be addressed
to eliminate the potential inference that these criteria would be applicable to
a repository containing only TRU waste. In addition, with the exception of

the footnote on page 31400, it is not clearly stated whether the criteria apply
to HLW, to TRU waste, or to both.

It might be appropriate that all references to TRU waste requirements be deleted
from 10 CFR 60 and made the subject of a separate regulation.

C. CONTAINMENT FOR 1000 YEARS

Paragraph 60.11.°c) = Performance or Required Barriers and Engineered Systems
requires that both the waste package and the underground facility be designed
to provide reasonable assurance that radionuclides will be contained for

at least 1,000 years after decommissioninz. There is no basis given in the
criteria or in the Supplementary Information to support the selection of
],000 years. The discussion under "1. Lifetime of the Repository" discusses
a period which "begins foliowinrg closure of the repository, and will persist
for the time that the relatively short-!ived fission products dominate the
hazard". The Department agrees with the concept of contaimment during this
fission product period as rerlected in the "Statement of Position of the
United States Department of Energy, DCE/NE-0007, April 15, 1980, in the
Proposed Rul-—aking on the Storage and Disposal of Nuclear Waste. In that
document, the Department identifies as Performance Obje~tives 1 (p.II-7):

"Waste cont.inment within the immediaca —icinity of
initial placement should be virtually complete during
the period when radiation and thermal output are
dominated by fisfion product decay. Any loss of
containmment should be a gradual process which results
ir very small fractional waste inventory release
rates extending over very loug release times, i.e.,
catastrophic losses of contaimment should not occur”.



However, if 1,000 years is intended to represent this period where the hazard

is dominated by the fission products, we believe that it is excessive. Several
organ‘zations have developed curves of the relative contributions of actinides

and fission products to the radioactivity, decay heat or hazard index of radio-
active waste. For example, EPA 520/4-79-007A, "Technical Support of Standards

for High-Level Radioactive Waste Management, Volume A, Source Term Characterization"
Figures A-4 through A-23 present curves of radiocactivity, decay heat generation

and untreated dilution index for the cases of a PWR throwaway cycle, PWR UO

cycle and mixed oxide cycle. The following table was derived from Figures i—é.

A-5, and A-6 of that report.

Fraction of Total Contributed by Fission Products
in PWR throwaway cycle

Decay Time in Years Relative Value of Relative Value of Untreated Dilution Index

From Discharge Radiocactivity Decay Heat ("Hazard")
100 0.5 0.286 1.0
300 0.18 0.02 8.3 x 10+3
500 1.5 x 1073 9.0 x 1074 3.8 x 1073
1000 1.0 x 1073 3.5 x 1074 14 x 1073

Based on this table ir can be seen that whether the concern is radioactivity,
decay heat, or hazard, the fission products no 1,nger dominate at 300 years.

It is recognized that other studies have producea .arying results due to

the input parameters assumed (burn up, etc.). We are not aware, however, of
any calculations that indicate that the hazard is dominated by fission products
beyond 300-500 years, let alone 1000 years. Even using the assumption that
fission products have decayed to insignificant levels (less than 0.001 of
original value) after 10 half-lives, and that cesium=137 and strontium=90 (both
having half lives of about 30 years) are the dominant fission products, 300
years containment would appear to be more supportable than 1000 years.

The bases assumed by the staff fcr assigning the apparently arbitrary 1000-year
containment period are not clear and we recommend that this question be
reexamined in the light of the potential benefits that could accrue.

D, ONE PART IN ONE HUNDRED THOUSAND ANNUAL RELEASE RATE

Paragraph 60.111(c)(3)(1) specifies the annual release rate from the repository
but does not provide any basis or justification for the value given. Since
this release rate will be a direct contributor to thc release to the bicsphere,
it should be related to the EPA criteria and to the state-of-the-art rather
than stated as an a priori number. Also, it is not clear how long that release
rate must be maintained 2100,000 years?) or where the boundaryv of the "under-
ground facility", at which the release is to be evaluated, is located. It must
be noted that compliance with this criterion, as well as the other performance
objectives, must be demonstrated by predictive calculations and cannot be
"proven".



E. RETRIEVABILITY

Paragraphs 60.111(a)(3) and 60.135 require that the reposizory be designed so
that the option remains open to retrieve the waste for up to 50 years after
termination of waste emplacement. The basis for this period of time is not
presented. In fact, the meaning of the word "retrievability" is not clear.

We certainly agree that a specific time period, during which retrievability or
recoverability will have to be maintained, should be specified. "Retrievability"
implies that canisters can be retrieved as easily as they were emplaced,

whereas "recoverability" implies that waste canisters may be recovered intact
although requiring removal of backfilled material to do so. The exact period

of time during which retrievability or recoverability should be maintained

should not be specified now but should be established only after more information
is available on the phenomena of concern. It may very well be that the required
period of retrievability will depend upon and vary according to the geologic
medium and enviromment in which a repository will be placed.

We are not sure what the present rule intends concerning backfilling of the
rooms. We accept the premise that containers should be placed so that they
are recoverable intact. However, the rule should not preclude early back=-
filling of the repository rooms. We believe that sufficient information is
not yet available to specify the exact time at which backfilling of repository
passages should take place. Backfilling would provide improved conditions

for maintaining operational safety. Alsc, the lesser amount of waste rock
that would need to be renoved from the reposiiory if backfilling were permitted
during operation would reduce the envirommental impact of any spoiis pile on
the surface. Maintaining the rooms in an open, ventilated condition for long
periods would amount to storage and would, in effect, pass the responsibility
for disposal to future generations. Several initial optiuns exist in approching
backfilling. For example, one option would be to backfill a representative
number of rooms after loading them with waste. This would allow a productive
monitoring program to bpegin. After the initial monitoring period, backfilling
could be done for all of the rooms as they are filled with waste. Therefore we
believe that specific time pericds for maintaining retrievability or recover-
ability should not be specified at this time. Rather, the Commission should
consider stating that such specific time periods will be established at the
time of repository licensing depending upon the rconditions at the proposed
site.

The Supplementary Information states that "it might be desirable to postpone any
irreversible (cr not easily reversible) decisicns until the maximum amount of
reasonably obtainable information about how well the repository is functioning and
can be exrected to function and contain and isolate the waste for periods of time
required waea§ han'"., However, there is no discussion of how this leads to 50
years after termin.tion of waste emplacement nor is there any discussion of
negative aspects o’ postponing this decision.



F. TREATMENT OF UNCERTAINTIES (P. 31393)

While we agree that there are many uncertainties associated with the geologic
disposal of high-level radiocactive waste, this section fails to put them into
perspective. Too little recognition is given to the ability to bound the issues
or problems. The end result is the impression of very little confidence in the
conclusion that the geologic repository concept is viable. We believe the
situation in regard to treatment of uncertainties i3 as noted in the following
quotation from the Department's Statement of Position on in the Waste Confidence
Rulemaking (p. II-299):

"The conservative approach adopted by the Department is
~ased upon a step~wise approach to system development

and implementation, a multibarrier system for radionulcide
contaimment and isolation, and appropriate design and
operating margins to compensate for uncertainties.

Proceeding in a cautious, step-wise manner in the
development and implementation of waste disposal
systems adds assurance that the best available
information is considered in reaching decisions and
irreversible impacts are minimized. The use of
multiple independent natural and man-made barriers
against waste release minimizes the impacts of
potential disruptive forces by avoiding undue reliance
on any given barrier. The use of appropriate design
and operating margins provides assurance that residual
uncertainties inherent in disposal systems are com-
pensated for. Integration of scientific peer review
into the program adds further assurance that the waste
disposal objectives will be met. The Department's
approach insures that the best available pertinent
information will be considered in reaching decisions
and that a high confidence in safety will be attained
in spite of residual uncertainties in data, modeling,
or future conditions."

G. HUMAN INTRUSION

This discussion of human intrusion (p. 31398) identifies many problems and their
lack of resolution. The rule should provide incentives for developing measures
to decrease the probability or consequences of future human intrusion. It should
clearly differentiate between active (institutional) controls and passive measures
(e.g., markers, tell-tales, etc.). It should also recognize that avoidance of
Lesources is a weak argument against future intrusion. Resources are largely
determined by technology, i.e., our ability to use the resources. We do not know
what future technological needs may be. The emphasis should be on communicating
knowledge of the repository's existence to future generations such that
inadvertent intrusion is avoided. Merely avoiding present resources provides
little or no assurance. We intend to develop a position paper on this subject to
use to initiate a dialog with the Commission staff.



H. SITING REQUIREMENTS

The overall tone of the background material contained as "Supplementary
Information" seems to indicate that geology, or the characterization of
geology, will be insufficient to provide confidenc2 that isolation can
be achieved without additional engineered barriers. The extreme emphasis
on "uncertainties" seems to indicate a negative approach to the problem
of site selection and characterization.

The siting requirements themselves are structured in a negative way. There
is an extensive list of adverse conditions, the presence of which means pre-
sumption of unacceptability. This is followed by a section saying that the
presumption can be rebutted by demonstrating a number of things including
the presence of favorable characteristics. A later section lists some of
these favorable characteristics.

The regulation should be focused on repository performance. Each criterion
should have a safety or envirommental basis which is broadly applicable.

Also, criteria must be compatible. These conditions seem to be lacking through
the present draft. For example, literal interpretation of 360.122(g) would
appear to require that the repository buffer zone be permeated by tunnels for
in situ testing and to require shafts and a tunnei | km below the repository
for the same purpose. Not only is such information of questionable value and
very costly to obtain, but the act of obtaining the information could likely
render the proposed formation unsuitable.

I. GEOLOGIC SIMPLICITY

The entire Supplemental Information section stresses geologic simplicity as
a very important characteristic of a site without clearly explaining what is
meant by the term. While we agree that geologic simplicity is a desirable
characteristic, it is not the most important attribute of a site. The most
important attribute of a natural barrier is that it works, not that it is
mechanistically or descriptively simple. The prime purpose of the geologic
setting is to contain the waste, and not to facilitate the licensing process.
The geologic complexity of a site is based on two factors: (1) the real
geologic system and (2) the apparent complexity created by our own inability
to compreunend the system. As we learm about these systems the perceived
complexity will change. In addressing this problem in the development of
criteria, it is critical that the capability of the geologic setting to
contain the waste be given a higher priority than the simplicity of the
system.

The requirement in 60.122(a)(l) does put geologic simplicity in its proper
perspective and that approach should be reflected in the supplemental
information.

J. DESIGN SPECIFICATIONS VERSUS PERFORMANCE CRITERIA

In some sections of the document, specific design solutions to problems rather
than technical criteria or performance objectives are stated. Specific examples
of this are 60.132(c)(9)(v) wnich states "1f aquifers or water-bearing structures



are encountered during construction then the Department must use pregrouting in
advance of excavation", and 60.132(c)(6)(ii) which states "The Department shall
design hoists with mechanically geared lowering devices that preclude cage free
fall". While these may be appropriate designs in some cases, they are not the
only solutions to the anticipated problem and may not be the best solucions. The
regulation should state criteria not designs. The Department will design to
meet the criteria and the NRC staff will have the opportunity to review the
design and discuss, with the Department, alternative designs and their relative
merits.



Enclosure

SPECIFIC RECOMIENDED CHANGES

A. 60.2 DEFINITION

1.

NRC Proposed Wording:

“Aquifer" - means a distinct hydrogeologic unit that readily
transmits water and yields significant quantities of waste
to wells or springs.

Recommended Revision:

"Aquifer” - means a layer of rock or soil which is relatively
more permeable than the nearby layers above or below and
through which water flows. In an aquifer, the yield to wells

is generally considered to be more than 1/3 gallon per minute.

Rationale:

Words like "sigrificant" can lead to endless debate in the
licensing process.

NPC Proposed Wording:

"Container" - means the first major sealed enclosure that
holds the waste form.

Recommended Revision:

“Canister" - means the innermost sealed enclosure that holds
the waste form.

Rationale:
Canister is the more commonly used term. The term "first”

is unclear depending on whether one is counting from the
outside or the inside.

-

b



-

Lss Prososed Wording:

"Decommissioning” - means final backfilling of subsurface facili-
ties, sealing of shafts, and decontamination and dismantlement ¢f
surface facilities.

Recommendzd Revision:

"Decommissioning” - means removal from active operational usage
including decontamination and/or dismantiement.

Rationale:
Decommissicning should be differentiated from isolatiorn.

K=o Proposed kording: .

"Qispcsal" - m2ans permanent emolacement within @ storage space
vw:th no intent to retrieve for resource value..

Recorrmended Revisicon:

Delete "for resource values".
Ration2le:

The te * "permanent emplacemant” earlier in the cefinition ir-
plies no intent tO retrieve for any reason. 1f there is intert
to reirieve, the term "gtorage” rather than "disposal” woulc
apply, and emplacement would not necessarily be “permanent”.
Although the capatility to retrieve will be maintained throuch
the operational phase, there is no intent toO retrieve unless re-
quired for safety.

NRC Proposed Worging:

"Expected processes and events" - means those natural processss
or events that are likely to degrade the engineered elements of

the geologic repesitory during 2 given period after decormmissioning.

As used in this pars, expected processes and everts do not incluce
human intrusion.

Recormended Revision:

Change "degrace” to "occur anc act upen”.




w

Ratiorzie:

The definition of "expected procusses and events" is limitec t¢
these processes or events" that are likely to degrade the engineerec
elements...” Since this is & much narrower definition than would
norr2lly be ascribed to the term "expacted processes and events"”,
either the term should be made more specific and descriptive, or

its definition should be more general for consistency with nor-

mal usage.

N3C Proposed Wordinc:

"Floodplain" - means the lowland and relatively flat areas ac-
joining inland and coastal waters including flood prone arezs of
offshore islands including, at a minimum, that area subject to 2
one percent or greater chance of flcocding in any given year.

Recommended Revision:

Use a different word than floodplain.

Rationale:

This definition does not correspond with the stancard meaning of
"floodslain" as used by other government agencies (EPA). Suggast
another term covering all areas susceptible to flooding, e.g.,
"floodprone”.

NRC Proposed korcinc:

“Geologic repository operations arez" - means a HLW facility that
is part of a geologic repository, including both surface and sub-
surface areas, where waste handliing ard emplacement activities are
conductec.

Recormanded Revision:

Redefine to address TRU disposal also, if appropriate.
Ratiognzle:
See major comments.

NRC Proposed Wordinc:

“Important to safety” with reference to structures, systems, and
components, means those structures, systems, and components that
provide reasonable assurance trat radicactive waste can be receivec,
handied, and stored without undue risk to the health and safety

of the public.
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Becor—ended Pevigic~:

“Imoortant..." means those structurses, systers, and componeris
that prevent or miticate events that could cause uynreasonable
risk to the neaitn and safety of the public due to release et
radioactive raterizl.

Rationzle:

To be consistent with 60.171(t ).

NoC Proposed hiorcirs:

“Stability" - means the rate of natural processes affecting
she site during the recent geolocic past 2re relatively 1o
an¢ will not sionificantly change durine the next 10,000 years.

Recorrended Pevisic~:

ngeability" is 2 reletive terr incicating that the rates of
natural processes such as erosion ard faulting are so 1o
that their effezt will not jeoparcize isolation of the wastie.
Tris is deterrined by measyring the present rates of these
processes anc, by c20lozic evigence. deducing the rates 7’
effect during the recent ceologic past.

Ratiorz'«

Specifyine 10,000 years is useful and reasoradble, but the
terms above are sorewhat subjective. It is also recommencec
that the recylation stipulate tre first 10,000 years as the
period over which reasonable assurance of isolation te pro-
vides (i.e., consistert with pNT's proposed objectives 2s
gset fortn in its Statersr: of Position in the Conficerie
Ruleraking'.

NP- Pronosecd Wording:

“Transuraric wastes" or "TRL wastes" - means radioiliwe
we-*= =areaininc= alpha eritiing transuranic elerents,
«ith racicactive halé-lives greaier than one year, in
excess 0f 10 nanocuries per graT.
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Pecom—ensied Pevision:

:. Insert Totner tnan FLVY afier ‘pasioactive wasts

-

b. Delete numeriral definition of 10 nanocuries per cri-.

Patignale:
2. Clarity

b. HNumerical definitions for TRU wastes are being forrmulete:
by EPA and NRC reguiations would mare appropriztely refiect
the EPA definitior. VFhile DOZ reculations use 10 nanccuries
per grar to define the level above wrich TRi-contaminzis
wastes will nos be erplacec in shalion lanZ byrial, & ro-:
precise evaluation of this Tirit is uncerway wnich mav le3:
to a redefinitior.

e .
i, conses Worgirns:

——

"Underground facility’ - means trs ¢civil enzineerec structure,
ircluding backfill meterials, butl not inclucing sezls, in whils
waste is emplaser.

Recc rences Revisior:

Cranze “civil” te "subsurface’.
Razionale:
C‘erit; p

Pefiritiors should be adie? for the following ter~s which were uses
in the regulaticr:

2. “institutiorzl Centrol”

5. “Long Term"

c. “Maduie"

c. "Sazuratec Media”

e. “"tise Suitadility", (Contrast with "Sise/Facility ASs sxaxitity' )
£ vguaternary” (provide specific length of tire;

“Vvasose Zore

"



€5.101 PURPCSS

60.]0](&/

NS Preposed korsirs:

(e) The reguirerants anz conaitions in subsequent sections assu”s
that disposal will be in saturatec caéia. The Com~ission does nit
intend to exclude dispeszl in the vadase 20ne Or &ny other meindc
by oromulgating these criteria; howsver, c¢ifferent criteria may
neec to be developed O license ctner ¢isoosel metnacs.

Recomnended Pevisicr:

.
Ratior2ls:
This seems unculy restrictiive arZ raises gusstions as to whit
actually constitutes a sasyrates meciyT ans 2s 10 vhether these .

criteria apaly to s21t dercsits.

C. 60.11) PERFQ24ANCE 02J2CT1h:s

1. 60.111(c) Performance o Rej.ired E:-riers ans Engineered Systers

KR~ Proposes wergin::

Rewrite or delete.
|
|
|
|
\

(1) Waste Pachkez:

The Dezartrment snall design waste pach232s SO that there is

rezscnzsle assurants tnat racionicliczs will be contained

for 2t least the firss 1,000 vears 2fter dzzo-~issioning |
and for as long trerezfier 2s 1S reasoratly asrievable giver |

-5

flow conaizions inciuzing fuil or partiel szturati
the uncerground fezilit,

-4
exnested prozesses anc evenis as well 22 varicus watler
or

(2} Unse-g-ounc Fas1list.

The Dagartrent shall cesign ihe unsergrours fazility to
provice rezsonalle assurerce ¢cf tre following
(1) Ar environmart fo- tre wasie m2zhzzes LUEL Promotel

tne achieverent of Faragragn 60.111(c){1) above under
conssitions resulting from expectied processes anc everis.

(ii) Containre-t cf all racionuclices for the first 1,000
years 2fter deconmissioning ¢ the geclogzic repository
operations are2 anc a3 lorg therszfier 25 is reasonat’ly
achievazle, assuring exzeltiec gyerss ar2 processes anc
that so~es of the wastie dissolves socr a’ter decommissioning.



(3} Overall Perfer—inze of t-s Enzimceved Svste- ATier (orter

el

The Depariment shall design the engins2red system 10 provigs

reasonzole assurance that:

(i) Starting 1,000 yeirs after dezor-issiorirg of the gacioczic

repositcry oceraticons arez, the razionuclides prese
in KLK will be released fro- tne uncarcround facili
at an annuzl rate th2t is as low 2s rezscnably achi

-

-
-

evadle

and is in no case greater tnan an anmnuil rate of one

part in ore hundrel thousinc cf ths total astivity
present in K.W witnin the uyncerground facziiisy 1,00
years after gecormissfoning assuming excectec proce

and events.

-
N
e, |

(i) Starting et decoissioning resdionusiicss pre
TPU weste will be releasec 2t a rete thitl is
as reasona>ly achieveble anZ is in no case ¢or

=

“oAh =g
-4 O

thar ore part in cre hundrel thousand cf &
activity present in TRU waste within the unce
facilitv a: tne tire of decommissioning eassur
expectec prosesses anc evenis.

A

O
[
3

wt. ™y % (D v 0
DI ) Y v W D

“w)

Recommended Fevigicr:

" Y

a. Throughout, charce L2270 years after er-lacerzsnt” to 2
value which can be more reacily supportec By techrica’
analysis. (ks notec in general comrants, 00 years see":

to represent a more aporcoriate perics.)
b. In (2)(ii) delete all after “processes’.
c. In (3)(ii) ad? “annyal” before "rate”.

d. In (3)(i) and (ii) indicate the tire frame over wrich the
release rate shculc be maintained.

e. In (3)(1) ang (ii) the "one part ir one hundres +housanc”
should either be substantiatec with a technical basis,
reclaced with a value which car be guhgtarsiaces, or left
qualitative. Clarification should be provices as to the
boundary across wrhich the release is reasure? (e.c., ertir,
into aquifer) and how cor;liance can be prover.

Rasiona'e:

e

a. (i) The rationale for a different value is cicsussec
under Major Correris.

(ii) As notegd in 60.111(a)(3) the option exists not 1o
close the repository for 50 years afer termination
of waste erclaze-er cceratiors. This raves the

-

-

sses

time of decom~issioning very uncertain when the first

waste is ermplacec.



The jast prrase is tos vegue 1o b2 usefyl in & rezulatice.

Consistency with (3)(i). The tire fraze is not statec.
rates are likely to vary with tims.

032 knows of no tasis for gitrer promulgating that rate
terrs of safety cainec or for believing that cemsliance
that rate coulc bz proven in 2 licensiry proceecing.

60.111(c) (&) Ferformance of the Geslezic Environmens

2" Prooosed horcir:t:

(i) The Department shall provide reasonzsle assurance that tns
degree of stztility exnibited bv the ceslogic environment

2+ present will not sigrificanily celreise cver tr2 lung term,
(i) The Department shall provics rezsor2tle assurance thet tre

site exribits properties w*ich promate iseletion end th:
their capability to jnritit the migretior of radionuclicses
will not significantly decrease over the iong tert.

-
-
-

(1i1) The Departmert sh211 provice rezsonzble assurance that th:
hydrolozic anc ceccheical properties of the host rock anc
surrounding confining urits will provice radicauclide trave!l
times to the accessible environment ¢ at least 1,000 yee~s
assuming expactec Processes and evenis.

Recorrznced Revisico:

a. In (c)(&)(i) chance vdesrezse” to "degrade”. Renlace "over
tne long term” witn "for the first 10,000 years'.

b. Delete () (&) (iid).
Rasicr2le:

a. Clarity. Additionally, references in this propssed 10CFRES
to changes in artient conditicns 2§ “urfavorable” neel to Pe

corsidered in terms of some faveraile, gcacic arsiert referer.:
condition. Thet is, degracztion per se is not relevant, pe”-
forrance degracaticr beyors some crivical valus s relevars
Clarity woulc be ennanced by using 16,007 years (consistent
with §60.2 definition of vgrazility’) in plaze of the more sut-
jective "lorg terr .

b. This item notes that the host rock will provide radionuzlice
travel time to the accessicle environTent of at le2st 1,055
years assuming expectes evenis. Wry a time restriction of

-

1,000 years? Tne principel pcint c¢ waste isolation 1§ missel
here. The effectiveness o€ isalation must be related to rs’
criteria and dose to man predictions.



C.

E.

€7.121 SI1TE A'D ENVIRYNS OwiIRSHIP AN CO T Rs .

General:

This section appears t0 recognize thet permanean
will last longer than the 100 year institution2
There needs to be a clesr definition ¢f what CT
mirkers and records, but we acres trzse it is nc
it at this time.

60.122 SITING REQUIREMENTS
1. 650.122(2)(2)

K2C Proposed Worginc:

The Department shall jrvesticaie 2an% evaluZ
consitions and human activities trat can re
excected to affes* the design, construction

and gdecormission:ng of the geolocgic repository Ope
arez. The natural corditions incluce geologic, tec

hydrolozic, anc clir:sic process. 1he Depd
the statility cf the geologic repasitery an
racionuclides after decommissioning.

+ markers anc recorcs
1 control perio:l.
ezit can be tahern fcr
¢t appropriate 1o ¢

ce the nature)
asonzsly bs

, operatic’,
rationrs
toric,
rtrert shzll evaluatis
4 the isolation o*

(i) Tne Desartrent shall condi jnvestigations on the

order of 102 kiiometers h. izont2] rac
geclogic repcsitory gperatiors arez,

iys from the

(i) The Department shall emphasize those natuyral conditicrs
active anysime sinca the start of the Quaternary Perio:

in their investigations.

(i11) The desartment ghall emphasize the first 10,000 ye2"s

following dezom-issioning in their pre

in natural cencitiors ari the perfcmanie cf tre ¢

repository.

Recorrende? Revision:

a. Change (i) to: "The Ceparimers gshzll con
throughou: the are2 ané volume of tne ge

environment which m2; affe-t or be 2ff

repasitory to 2ssure tnas tre loz2l site

compasible with tne regiorzl settlin

investigated at each dissancze fro~ tre §
o

area shall be cormersurate with the imD
at that locatien.”

sicfion of chan

.
o

dgct investigaticrs
2logic ans hysrolis
ted py the geolic
cenditions ars
Tre level of det:’l
eslozic operaticr:
rtance of datz



L. Cnange (1i) to: “The Departrert shell docurmert those rasur:’
processes 222ive cdurint tre (.irtern2ry FPerics in their

investigaticns.

c. In (iii) insert “and extrapolation” after "srediction”.
Subsectior (iii) is a very significant principle and
should be elevated to a major perforrance objective.

Ratiorzle:

a. The area to be investicates is site depencent. Clearly thers
is no need to do investic:iiens btiayond a cefinec connecticr
to tne accessible environ~zrt, Klso thz level of detail 22
the outer lirits o the investicatio~ does not necessarily
have to be as intense as at the site itself.

b. Clarity. CorZitiors are nit acti.c.

c. Coroleteres:. Also, the princinie ¢f 10,000 years beinc tns
mest significars tirs ¢f interest is very irportant arc
should be emohasizel.

60.12z(8) {2 (i) ars (1ii]

NRC Proooses worgin::

nst” ge2::1ity of the geclogic repository

o

(i) Dens
after

asiern ¢f t*
c sicr

grrissicns

-
W

[« S

€

(iii) Demonstraticn of tre isclation of radionuclides fro=
the accessinle ervirgn—2rt 2fier dezomrissioning.

Recommendas Revisicr:

Resiace the word "De-cnziraticm In ea-h sertence with “Fredicticn,
an? aszZ the phrase "bzse: udin tNE g*z*s-0f-tre-2rt,” to the

ensd ¢f ezcn sentence.
Ratiorzle:

One cannot demonstirate tne fusure, but one can precict future processs:

o varying degress basel Loon gezte-cfotre-art teconigues.
60.12z(a){<}

NRC Propcsed worcinc:

The Department shall evaiuate reasonasly 1jke7y f.eure variations
in the site characteristizs whicn iy result fro~ na:ufe1
processes, human azsivities, conssructicn of the repesitory,

or waste/rock/water interacticons.



]

kezo~~2nsss FPevigic-:

Insert “thermorechanical and ghysicochemical” pefore "wasts
rock/weser".

Rationale:
Clarity.
60.122(&) (€]

N Proposed Wordinc:

The Desartres+ shall valicztie an2lyses and mocdeling of future
conditions and chances in site characteristics using field tests,
in situ tests, fielg-varified laporeiory Lesis, manitoring dz<z,
or neturel anzloz stulie:.

ged Fevigico:

4
0
'
O
i

1
w
=

2. Insert "to the extert practicadble” after "characteristics’
b, Delere "fielc-verifies
Ratio*zle:

2. Tne Susslerentary Information seltior recognized the ¢ifficuities
erzourtercs in velicetion.

B. Mzaningful fieic verifications of laboratory tests are not
always possitle witrin 2 "rezl-tire"” periocc.

6-.122(2)(7)

’
' .

NEZ Proposec Wargirs: p

The Departmens shall cortinuously verify and assess any chanssl
in site concitions whichn pertain to wheiner the performanis
otiectives will be met.

Change "cortinuously” te "econtinue tc".

Consinuously means wiindul interruption.
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6:.122(2)(€)

K2t Prooosed Wording:

Tne Department shall perforr 2 resource assessment for the recics
within 100 km of the site using availasie infermation. Tne Desar<-
pert shall include estimstes of both known and undiscovered CeTlitl
of all resources that (1) have bszzn or 2ve being exploitec or (2)

have not been exploitec but are exploitable uncer present tech-
nology anc marxel conditions. Tne Department shall estimate
unciscovered deposits by rezsonzsle inference batec On geologic
anc ceophysical informeticr.. Tne Deparirzrt ghall 2stimate BCStr
gross and net value of resource denlsits. The estimate of ne”
velue srzll taie into accouns develoomant, extraction and mar-
keting costs.

ta "patertiel reserves .
L. Delete "both gress ant’ .

c. Charze “net’ tc "fair revhet

. A28 imoossitie to 2assess undiscoveres depesits, but 15
cor—-n to estir:its potestial reserves.

b. Gross value is irrelevast i€ extraction or marketing COSts
gahe it impracticel to deveiliz.

¢c. Fair marbel is 2 more usefyl terr than net value in this cass.

’

€:.122{2)(8) 3

K22 Proposec wWorgins:

The Deg2riment ¢rall deserrine by ararocrizte an2lyses the exters

s -

of the volume ©f rock within which tne gesisgic framewdTk, grouns

waser flow, Qrounc waler cheristry, o gec'e:hAtica1 properties
are articipatec to be significartly 2ffectes by corstruction ¢
the geslogic repository orf by t-2 presence of tre e-placec was
with eranasis on tre trne~mal 18:2°7: ¢f srz laster. In orcer
do the analyses reguirec in snis paragrazt, tne Degartment s
at 2 minimur conduct investigatiors arc tests 10 provide the
following input data:

¢
e



(1)

(i1)

(ii1)

(iv)

(v)

(vi)

hs 2
2 ho
exca
1 ki

Reco

The pattern, distribution, and origin of fractures, ciscontir-
uities, and heterogeneities in the host rock and surrouncing
confining units;

The presence of pctential pathways such &s fractures, discontir-
uities, solution features, unsezled faults, breccia pipes, arc
other permzable anomalies in tne host rock and surrounding con-
fining units;

The in situ determination of the bulk ceomechanical properties,
pore pressures and amdient stress conditions of the hest rech
and surrounding confining units;

The in situ determination of the bulk hydrogeologic properties
of the host rock and surrounding confining units;

The in sjgg_determina:ion of the bulk geochemical conditions,
particulariy the recox potential, of the host’rock and surrounding
confining units;

The in situ determination of the bulk response of the host rocs
and surrouncing confining units to the anticipated therm:!
Joading given the pattern of fractures and other discontinuities
and the hezt transfer proparties of the rock mass.

minimu=, the Department shall assume that the volume will exterc
rizontal distance ¢f 2 kilorsters from the limits of the repositery
vation anc a vertical distance from tre surface to a depth ¢f
lometer below the lirits of the repositery excavation.

mrended Revisior:

b.

Delete the last paragragt.

In (i) ade "statistical" in front of "distribution”.
In (i), (ii), and (vi) change the discussion of fractures to
permeasility.

In (i1) delete "such as...anomalies”.

In (ii1), (iv), (v), and (vi) delete "in sity" and adc at the
end "by in situ, laboratory, anc figld tests and/or c2lculiaticr
as practicadble”.

In (v) change "redcx potersial” to "ecuilibrium solubility
s~rption data for the waste packzze arc rac¢ionuclides”.
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Ratiorale:

——————

1f the volurz of rock dafines 2t the end of tris section is

the volure referres to in tre first paragrazt, it is froossit’e
to assess all of these features tnroughout the volure (e.c..

how can fracture patterns one kr below the repository horize”

be evaluated). Also, stating a minimurm volume, without cor-
sidering a site, 1s unrezlistic. A detziled in sity deterrinztic”
of the properties discussed in (i) through (v1] ¢f this sub-
section, to a depth of one kr below the repository horizon

could possibly comaromise the integrity of the svster by
introducing potential pathways for fluid migration where none
existed previously. whzt is pertinent tO ¢eterrine, by whatever
means are available, is whesksr extensive corfires aguifers
occur below the repository level at dzpths which could t&
significantly affected by the waste repository. 1ne depth ¢
investigation should be deterrined by the regional geology.

Mapping the entire volure is irpossible.

The term "fracture” tells nothing about the ability of the roci
mediur to affect waste transport, while permeability @csi.

Sore of the features mentioned such as breccia pipes anc
solution features may be less permeable than the surrouncing
rock.

These items all specify in ¢i+y determination of properties.
Tris is appropriate for many properties but som2 geomechanice]
(111) and mcst g2ocherical (v) properties cannot practically
be subject to "in situ determinztion”. How2ver, the "in site
properties” may be determined in tre ladoratory. The langua:e
needs to be cla-ifiec to aliow this.

In addition, the type of te:ting and cezth of dasa shoulc be

a function of parameter cersitivity (how much is warrantes),
uncersainty (is mere da2te rec.ires), and ra-ifications (s

data collection cormpatitie wicr mainsainird a sound structure; .

By requiring in situ ¢ .ercinations in both hest rock ar< sur-
rounding confining units, Ki- is requiring at least twe, anc
perhaps many, test facilities to be constructed at each site.
One facility will not be atle to projasate thermz] effects 10
surrourcing rock units in 2 reasoratle time frasz. This
appears to be an unreasorasie requirermert.

There shaould be som2 clarifizesic™ here aha.t a-tiert strecs
conditions. Inm situ dese~—irztion is hard 1o c éor the hoit
rock, but impassitle for tne surrounding corfining units. Tris
should refer to calculatioral deterniration of arbient gires:
eonditions.




o
T

pesponse of surrounding confining units to anticipatel ther=:’
lo22irg cannct be maasurec, it c2n only be caicuiates. 7r:

tirs vequired for heat to reacn surrounding confining units 1¢
very long and therefore it cannot be measurec.

f. Fedcx potential is not a unique property of the rock but i:
dependert on the geocheristry, the volurs of fiuid and the
benavior of the waste packace.

F. 62.122(b) POTEKTIALLY ADVERSE CONDITIONS

1. NK={ Proposed borgirc:

The following paragraphs describe hym2n activities or natyral co--
ditions whicn car acdversely affect tne stability of the reccsitcr,
site, increzse the migration of radionuclicss from the redosiiory,
or provide patha2ys to the accessidle environmznt., The Deparimery
sh21] cemanstrate whether any of tne potentieiiy acverse hu:
aztivities or natural conditions are presert. The Departrent she™’
cocumzrs 211 investigétions.

The presence of 2ny of the potertially adverse humzn activitie:
or returz] conditions will give rise to & presu~ption thet tre
gesicsic repesitory will not meet the performance objectives.

Trhe corcitions anZ activities im tnis section 2apzly, unless
otre=.ise states, tc the volu~e of rock determinel by the Depart-
ri-% in Paragrazh €0.122(2)(E) aduve.

:'e:g-.v-‘e"‘“‘ ’evis’co :

- -
— -

Resiace "can adversely” with “may have the potertial to”.
Ueiete second paracrarh.

Rzsicrzle:
o CRA2g BE 2

Westrer Oor not the stated conditions are actually of importance
is 2 rescer of speculatior. The stztement as writter ts withous
basis.

These conditions should not give rise to the stated presu=:iio”.
The last paragrash of the section idertifies ways to show how ths;
may be acceptadle. Alsc, 60.122(a) (&) is an incorrect refererce
a3 it re‘ers to the entire arez with 2 100 km racius. Presumz:i’,
(a)(S, is meart.

6c.122(8)(1)

~

-
-

hac Propasec Worcinz:

Potersially Adverse Human Activities

(i) There is or has been conventioral or in situ subsurface
mining for resources.



1¢

(11) Excest holes drillec for investigations cf the gedlezic
repositery, there is or has been grilling for whate.s:
purcsss to depths below the lower 1irit of the accessitis
environrent,

(ii1) There are resources which are econorically exploitable
using existing technology under present market condition:.

(iv) Ezced on a resource assessment, there are resources thas
haye either higrer gross or net value than the averacs fcr
other areas of similar size in the region in which the
geologic repositery is locatec,

(v) There is reasonable poterticl that failure of human-macs
impoundrents could cause flooding of the geologic repositor;
operatiors area prior to decormissioning.

(vi) There is reasorable potertial based on existing geologic
and hydrologic conditions and methods of construction for
construztion of large-scale impoundments which may affel:
tre rezicrz) grounc water flow syster.

(vii) Trere is indication that present or reasorably anticipata:r’
hu~sr activities can significantly affect the hydrogecles -
frarzworh. Humar 2ctivities include grounc water withcravsic,
extensive irrigatior, subsurface injection of fluics, urlcv-
ground pumdec siorace facilities or underground militar;
activities,

Recor—enced Revisicm::

a. 1In (ii) celete everything after “purpese” and add "at depih:
which woulc acversely affect the subsurface repository voiure .

b. Delete (iv).

to reas "...activities that would alter tre
a

13
frarsysrh i ar ynacceptatle ranner”,

Ra-ignz2’e:

a. Pines arz borencles which would not adversely affect the
repository velume shouls nc: preclude the use of a site.
Past drillinc teo above the repository horizon or outside
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the horizontal extert of the subsurface workings does nct
iroazt tne ability cf the repciitory to fsolate wastel.
Krawr holes car bz se2lec ar? y-iney= holes ere nCt know-
anc¢ therefore wouic not be consicers:.

This philosophy places tco much importance on resources
which, as indiczted in the gerzra]l corrents, results in 2
wezk argurent for proving sefety. Tre natyre of future
resource neec. is not readily predictadle and constartiy
changes.

Referring to €0.122(8) (1) (vid), it is conceivahle thzt
some future hymin activities c2n have little effect OF
actually imorove the resository hydrologic frarawlr..
Ground water withdrawals fro- clased basins coulc eliminase
a potential water transport cepatilits. 0f importance i
the significance of the chanzz to s29ety,

L
3, 65.122(8)(2)

|

Proposes Warcirz:

(i)

(i1)

(vi)

There is evigentie of exsre~2 becroch incision since th:
gtate of the Quaterniry Fericz.

There is evicerze of dissolusioning, such as karst feature:,
breccia pipes, CF insoluble resicuctl.

Trere i evigencze of processes in tre can¢icate arez v"iIl
could resuit In gtrucsurd] caformatine in LN velu=s ¢¢

rock suzh 2s uslift, ¢iazirism, subsidence, folcing, faultirg,
or fraztuyre 20NES5.

The geologic resssitory operaticrs 2ved 1ies within tne
near fieiccf & €27 tres hes beer aztive since the start
of tne Quaterner, Ferioc. .

There is ar are: characierizel by higher geigmicity thar that
¢¢ the surrouncing regicr or there is ar area in which trere
are indicatiors, basel c” caree 2ticns Of earthquakes with
tectonic processes ans fezatures, trnet seismicity may incredse
in the future.

There is evidence of intrys”

e igre:zus activity since the
grart ¢f tre Quaternan; Per i

\
<



(vii)

1=

Trers is a high anc anom2lous geotherrzl gradient relativ:
to tre resions] gesirermzi greliernt

Recor—encsas Revisicn:

a.

Gereral; these features mzntioned are merely an inventcr.

of natural processss gsing on dlrnit everywrtere. Wrnether Cr

nst they mester is part of the site selection procecure anc .
tne presumption tri< tr2y do s @ judgemant mece with bizs

Thev should be deletez Cr @ technical tesis crovided to SUPPOTT €237
Clarify tne meaning cf v axtrema® in (i)

In (ii) reclace vdigscolutionirz” with ndissolution”. Inse™s
“Ouaternary" before vdissoluticn".

In (§ii) insert "Quziernary tectonic" before processas.
Ir. (iv) define "ne2r field".
Czlete (v) o~ put an ahsoluse level on seismicity.

Ir. {vi) ocleze “jntrusive”.

Rationsle:

-
. 4
m
=

-z2nirs €€ nextrerz" is subject to wide-ransing inte~-
presgtidns. Moreg er, this requiremant ruies out investicz-
tio= iric tne sourie of tne ernsrenchrant ar? its presert &"<
arsicipatec siais cf activity. The resuiremert ousnt te 2lle.
the Degartrert tO deronstrate by analysis whether grouncs
surface lowerirs: ¢z .12 acverzely affect tre repository guring
the res.irec corteinment perioc.

ution fezsu-es does net necessarily dis-
e. In tne case cf g2 % domss tre C22

¢ digszolytion that re; have OZCUrres
his.o=y anc mey presently be actifz

The presence of ciss
credit & canzicale SO
rozh is a by-proc.it
m.cr earlier in gelic
as ar effective ir2

Evirence of dissclutior, collasse, or similar features

whicn resultes fre= Pre-Quaternary geci9g1< processes it
have since Deszrn jnactive, sncuid nct.by jteet® disgualify 2
gite. FReasoritle prozf cf stasility ¢.ring tre (.zle"m2%y

should be rez.irsEc ang agdez.tl2.

A time fra=ms for tnase processes must be listed - GLhE™wIiE
all areas o tre e2rtn are "agduerse’.



w

“near field", Tn contermzi-ary use: $
1t is not meaninsful to refer tc t 1+
This criterion is important, and it should be addressed mare
clezrly and directiy.

gz ies to e2rthiush

é “nezr field of a fau

- D

Increased seismicity is idantified 2s & pctentially adverse
natural condition. Seisric aztivity can rarge fro™ mincr
crustal adjustmaris to major CisruTlive €vents. Tnerefore,
by simply noting that an incrz2se 1rn seismicity (with n¢
qualification &s to maonitude:) is octentially & cisrudtive
evers involves faulty Jozic. Inm 27y C2:ig, seisricity effect:
on a repository must be corsicared in tyve tima frames - guri~:
operation and after cescommissioning. Effects on & repesiter)

vary greatly decending on thne timz frars. After cecommissioning,

seismicity may ¢cr m2y nitT €2 significant.

Any ignedus activity since tne siart 0f the Quaternary Pericc
is more disgualifying than ma-y fecters listec in this sec-
ticn.

4., 62.122(b)(2)

Ne

Proposed korgirz:

(111)

(iv)

There is potertial for significent changes in hydrolozic
conditions including hycreulic gracient, average pore velc-
city, storativity, permesadility, neturel recharge, prezt-
meeric level, as: cischerces points. Eveluzticn technique:s
include paleohydroiogic amalysis.

The geclegic repesitory oerztions arez is located wf
there woLic be long terr ard shori term 3CVErse irg
associates witn tre ozcuzenty ard modification of f
plains. (executive Orcer 11622, ]

”

1

There is reascratle potertiel for nzeural phenomena such &s
landslides, subsidernze, or velcenic activity to crezte lar:ze-
scale impoundmerss tnzt may affect the regional ground water
flom syster.

There is a fau.t or fracture 2078, jrrespective of age cf
lass moversn:, which has 2 herizons2] lerzin of more tha~ @
few hundreds c€ meie-s.



Fe

com~zndzd Revisic-:

r

Genersl:

The criteriz 1isted are stated to be "technical" acains:
which a license z-plicaticm can bs reviewed. However, fe.
criteria (2nd here hydrelogic criteria are principzily ac-
dressed) can possibly be czlles technical. Tre regulations
heavily rely on quzlified terss sulh &s Jov hydraulic gradiert,
little hydraulic communicetiorn, lonz ground weter resicencs
time, lone fiow paths, Or such prrases 2s 'rzv effect the
regional ground waler fiow syster". [Inste:zl of (or pernacs
in addition to) emphasizing these terrs, tne requiatiors
shoulc stress enc procucts o7 waste isclation rather tnar 2
descriptive hycdrogeologic nirrztive. For example, imocriass
prod.cts shoulc be (2) estirm2tes of acces-2nie risk efforcac
by specific re<ioMuclide retzntion in 2 given ¢20icsic FRSiLT
or comcarisons between midie, and (b) dose calculations uncsr
zeurzl flow conditions anc reasonzble scenaric variatiors.
Tc urcersiant these iters, it is necessary to evaluate groun:
wzser flow p2ths and travel tirmes plus racionuzlid2 concer-
trations and distributions to the biosphere. The difference
being tne former is the erd product while the latter are inter-
meZiate steps. heste jsolasion is not assurec by high or 1c.
gracients or long or shert £low paths but rather by ‘@ res-
porse of the entire hydrogeciozic and hycdrocherical systier ot

trz host msciuT.

In pars (i) delete “everaze po7€ velocity” or change it
"seepage velocity”. Also insert “adverse" before "chances

Delese part (iv) 2s written anc repiace with a criterics
trzt adz-esses grounc waler condustivity.

- * a
*tQrigie. :

’

b ]

Pore velocity is not 2 uriquely definec ter. Poeersiel for
change to imzrove the jsolation capability is nct acverse.

Ns site is likely tc be free of t-is sort cf fezture. 1€

such "ol¢' fezzures exist, tney should require cetaiiec 1r-
vestigatior T2 dstarmine whaztrer it funzsions &5 2 Qrounc wEleT
barrier or conductcr, where in the groutd water syste” it

occurs, and how it m2y perturt the sysie”.



F

c. 1t is the existin: hydrelozic environmz=t thet will be tne
prims facter in gzeagsirs tram,.o0vTe. Trz scerarics o
change snsulc not o2 corsicasres mare irpIriant than ins

existing concitions.
€2.122(b)(4)

h22 Prooosed Worcin::

Tne rock units betwesn the resasitory anc tre a-cezzible envirer-
ment exnibit 1ow recardztion for rsst of the racionuczliides con-

contained in tas racizactive wasii.

Recommended Pevisice:

Delete this paracgrec”.

Ratic-2le:

Unspecific terms such 2s "low re-ardziiss &nc Ppacs’ mahke tric
useless as an adverse charestevistic.

-

Tertuzi

- .
] -

om

»~
-

P
ra
"y

Materizl Folliowin (e)(s]

K% Proposed kargirc:

k presumption thet the gesicgic reassitory will not meet tne
perforrance obiectivzs c2n be re~Ltees upsn showing thet tne
presence of the pate-tizlly acierse corZiticn €2¢s NCS adverse.,
affect the performence of the geslozic repcsitery. In orger tc
make this showing, the Depariment ¢rz11 first demonstrate tnat--

(1) The potertially acverse hy-zn activity o~ nasu-al condition
has besn adezuztely charazserizes, inciucing the extent tC
which the particular feature m2, B¢ prese-t ans still be v
decected taking into account the cezres ¢ rescluticon achievas
by the invessigations,

(2) The effect of the potentially
pasural condition or the geliosi
flow, ground water che~istry ges-zcraricel intes-ity
has been adezuztely evaluztes usirs corservasive ar2lyses
and assuroticns, and the evaluzsicn used is sersitive 10
the adverse human aztivity or nasural conlition,

sverss humzn activity or
i~ frameadvk, GrouUnC wa2lsew
-

a
03
ar

(3) The effect of the potertially adverss humin activity or m2te-
ral conditicn 18 co-sensated by the presetce of favoratie
characteristics in Paragra:h §2.122'z) ¢ this Section; arc



(2) The potentiglly aclvsrse hu=2n activity or natural congiticr
can bs remzl’ ring cOnstructicn, operation, Or €sld™7 i~
sioning of t

Pecom—z~czd Pevisi

(8}

Change the first pzragrazh to:

1n order to make @ showing trat 2ny potentially adverse gonditicn
does not adversely affect tns perforrance of the geologic repesi-
tory, tne Departrans gr::] fir:ss demonstrate that--=; and put &’
of this meterial bifcrs €0, Zeid)ii ).

Rationale

See Mzior Commente.

22(c) FAVSRSE.Z RetAs T Erad: tos

Gererz] comrent: This section should prececs Potentielly Ac
Cherz-seristics enc @ bzsis for eacn characteristic should bs
provigsc.

< - -

ho Proposes Wirgir::

f2-h of the fcllowing characteristics represents concditions which

enmznce the 2tility of tne geclozic repository to meet the per-
forrarce otiectives. (Cancicatle areas ar< sites which exhibit &:

-ir, favoracle crzrzsteristics 2 practicatle are preferrec.

Reco~—erded Revisic~:

Delese "Cancic2te areas ans". Ads "may" before "enhance”

’

Ratiorzle: §
Tre defiriticn cf cancicatle ave? (45°765518) does not incicass
the size cf an arez. DoZ uses the term 1O des-rise an arz2 on ire

order of 100° square miles. It is not krown whziher or mct tre
craracteristics remtiones wo.l¢ enramce isclation in actuzl C2se€:c.

65.122(c)(1){i)

k=2 Prooosel Newdirs:

(i) Exhibits de~snstrasle surfaze arc subsurfaze 32310378,
cherical, tectoric, ars hydroiogic sta~ility since trs
beginning cf tre Gualertary Fericc; ars



~y
G

kecom=anded Revisic:

Provide more guidance on what is meant by this critericr.

Ratiorzie:

These are extremsly vague terms. As stated, all areas affecte:

by Pleistocene glaciation (including tne periglacial zone) wou'l:
be unsuitable for siting. Trz: is not rezsonable, and its prodaciy
is not the intent. Also, tectonically stable, meaning zero, dos:

not exist.

Surface "stability" and near-surface hydrelocic “"stadility" accorcin:
to the acinition in 60.2 are certainly not deronstrable since the
beginning of the Quaternazry Feriod. krzt is a more reasonadie
approach to surface ceslocy and near-surfec: hydrology is the concers
of accentable rances anc rates of changs. Tne surface anc nez--
surface is the 20ne wrere rapid changss in earth processes tai:
place. The chang:s which F2ve occurre? curing the Quaterna=
Period can be evaluated ar? future chances precicted witr:r
limiting values. If it can te shown tnat changes which occu”
within these liriting values heve no effect on repositery safely,
then “stability" of tre processes neec not be demonstratec.

We believe a revision of this iter (i) should separate su-face
geclogy and near-surface hydrology fro~ subsurface charactersstics.
Stability of subsurface ogeclogic characteristics should be derir-
strated. Surface characteristics and processes need to have 1imits
pr limiting ranges cefirel ar eveluztel. Hycrologic attributes m:
neer to be evaluates secarately for the near-surface arc for the
deeper subsurface,

60.122(c) (1) (i1)

K- Proposed WorzZir::

(1) contains a hes: roci and surrounling corfiing yrits thet
provide:

(2) long ground water residerce times anc lorg fiow p2tns
= betwesr thz repcsitory and tre accessidle environmanig
(¢) inactive grou~2 water circulation within the host roch
= an¢ surro.nsing corfining units, a~c little hycraJlic
COrmunicz+ion witr adiacent hydrozzlicIic umits Cus t
ground water craralteristics suih 2s loe frtrirsic
permeatility ans 1. fraiii-e =poreititity ¢ toe YO0

‘
mess; ars

- -
- -



geo:he:icaT properties, suth @S reduzing con.iticn:
wricr res. e in lcow golu=<lity of racdionuzlicss, &7:

nesr-nsr-il L=, Or & Yazon €7 co-olexing ageri:.

Recozndsd fevigiz™:

a. In (%) change “jraztive" to "nezligidble ceep".

b. Changs (g) t© nfavarenie gec:heri:a1 properties

gationz e

2. Thne terr “ipacetive" recuires 2n arsaluse laczk of moversri,
anc it implies trzt treve must onze have been movere” .
ve are hopeful trzt car-idate areas and sites will snow
evidence of trare never nzyinc been siorificant grourc

water circulation in the vicinizy, cf tne hest rcsh.

- -

oy

1t would be preferable to stete the characteristics fn terr:
o net gecche~ical perforrance, rather than specifying whid’
part Of the recor, ¥, and complexirg Spectra is desirable.
This could also incluce guch iters as low leachability ar:
mability of radioruzlidss.,

1+ is nos clear what is meant by rpear-pormal pUt. knate.ov
con:i;ions ex‘st at the site prior to disturbance are, b
definition, nczl. 1f the authors me2n "nestral p=", the’
18 neither possitle nor beneficial in rocks whese ysu2l
ervirgn—ert is 2-idic or basic. Furthermire, "neytral” Bt

contracicts "recJiing cor.giticns’

-

.\

§5.1z2(c)(2) (i,

wn

K=o Proposed Woreirc:

(ii1) pesses ground wener floe charzzterishics that--

we
w

(2) resuit ir & host rock with very low weter contert,

(£} prevent grounc water inerusion or circulation cf
grounc waler ir, the hosT roc,

(c) preve-: gignificars uowiTs ground water flom betwes”
hydrsgeslogic units orf alor; snafts, erifis, arc
qpcga"t.
- - w3

(¢} result in 10w hydra,lic gracieris N the hsst roo
and surrourding confining units;



(£) result in g7 und wzeer resicancs

- irm e e
- - = - L. -
trs RSzt rooe [

-

concitions, batvisr t~2 resdsic”
environ=z-%, thit exzess 1000 vee
perom—ended Pevisic™:
&. Delete (2!
b. In (b) delets rgraund watgr intr.sic” gt
“ejrculetic
paticrzle:
g
2. kater conters je nas relien:its, perrzi2iiit)
ment are.
. Ev definition grount witi” v {17 te intruce
Risc, $0~% c'o..: witer MoVETZ 1, alteit s
Pl b Cfo-" witer pove-stl EL @ rets v
r inzufficie~t jselesics tirss ars t5 b

Recorrmandes Pevisicr:

Spezify ars err)

Rasiccle

Low popuiatics
peczle. As ur:
Kae that pos.]

(vi) are nct propertt

ge~sity mears cw'°e'=" trir
ssor thnis C0LIC le2s 25 enzh
a=<g- dersity 2°¢ r=:e.*:.:;

z A ek
cT Ttk viiuTe 0 TO

»
»

i«
wr ¢

£

W " ey

air why 2 10w prylaticor dersity

w0

.....

+imzs under arm) je~=

v ard the acce

L=< “pzoicd

L

tec cifierens
de-2te inah
T craracterist
25 $tEtEs

ssip s

becrs



2 =n Mining

vl

Comsliens

Tre Dec2rtrent shzll design, comsiry and

anc sussurface fazilizies to co~siy with 211 applicatie Fes
anc siiie r1n1ng regulesicrs ins ludinz SuSchadters ., A L
. of 3 CFP Part 57 é&s asalicatic.

Revigic

Delzzz

Patiorz's

B s

Tris paracréc= 1s nis a--rporiate in an LKoo reculatic:. rs
je €0~z C.e3tion wngtines &° unZercrouns Civi i} $ErusuTE

2 minz. Tris regulelic” refers ts it 28 & eiyvi] esiinesTes
strusture’ . Tnis guestics wiil ke ¥ resoived by D70 enc Bat e .
14 it is Ceterrinzc thit ri-% rules 2re 2ppls cable, tney vl
b= enferoed by MS=- &% ine KSS parasrash 8238 aCLnAn;

1¢ 13=5 determings Lni% sreir rules ére nct a=clicasie, <
hso woJle be in the poriticn of erforcing anotner 3genc;
rules which trat 8genty §&.5 &re nos ansplicatle

1+ shaolc 21ss L% nites NI ring sefely res: gtiors miy, 1IN
§C-= C&52:, DE IRCOTLELIL 2 wier gafe PesCiiilry CILvetS
For exa-zle, reversing 2ir flow directicn ir tne C2sé€ of
fire woul¢ bycess t7¢ ver=itaticn exn2urt filters. Trese
ceses need to be Warses 0.% a™ra tre 2p;licet’e res.1207)
a-arzies to avcic corfiictir: ctiective:

” sal oIyt rd o
6' ]:‘I\c‘ \‘4‘\‘/'\5.
NAC Propsses wirlifs

epne accy-slatior cf razipestive W

cperate tre surf

spvrs

Fesuleticns

=

Preve~t tne :
gysse~s t0 wrich 2Ileis by pers.nngl 1§ res.ires.
Rezo—erces RevisiCh

Change “Prevert’ to "rinirize

Ra2ior2’e:

ers sl

-

jt §s imoossible
teriel,

In general
racioactive ma

t0 prev
b.t proper cesi

on

u

-

\’ -

accurm.lasion cf
ize 1%.

y Car mins
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€3.132/=)  ROZITICIAL LISiS REH IRIN=ATS RIS RNEE S I R
1. €3.13z(b)(2)
hio Proposed wercin:
The Desartrsnt shell essign anc construct surface facilities
to facilitate safe arc pre~.s res-ievz] of wastss intluling
facilities to inspec:t, rezzir, Czl0nieT inzte, &~d stors
retrieved wastes pricr to trsir snio—snt off site. Surface
storace capacity of &'l gTIiElel wmiild is not reacive&d, t.t
must be sufficient tu nanlie wisie b2zhiczs pricr 10 smpTens

QfOST-e.

Rezo-~2nles Revisic®

Delete “and construls

Wz agree thzt desigrs snoule exist for fezilities reguirec tc

resrigeve waste to 2ssure tnil tnsy @re properly intecrétec

into the overall design. Hhowsver, tne actuz] construction cf
s-ilizies that »ill not be us= for several years anc in &ll

probability may never be useZ.

~.132.¢) Ro2ITI0NS. D2S.G proiingesncs FOS SUSSUSTARCS PRSILG. +53

| P

2.132{c)1)

KZ® Prosagesd kemCifs:

.

The Dezartmert shell cesign the unc ergrouns faoiiity 2s @7
unce r;*oJﬂ‘ civil engineeel si"J cture tret satisfies
rezuiremants for gructural perforranie, €O atrs)l ¢f grounce
water movement anc cort rol of redionuclice transgore. Tne
Ge-srimant shall design tne farility e rovide for sefe
a=srazicr during cc's:fu"*:¢, e-c gcement, 2% recrie.z)
of sasce ars to assure co~zlianze wite §62.11) (Fe-forranie
Ot:ectives).

Rezo=—2ndes Revisiti~:

4 sz jnzicate whet s mzart t

This paragraph s.u.l- be re.visel tC By
an undcrgrOJn* civil engirzeres strutlure ars referenzz tne
requirerents for s.ru..,rai performarce tnatl are mentiones.

R2+iorale:

Clarity.
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62.13z2{c)(2){iv)(e)

K=® Bronzses kot

o

The shafss and borehcles are sezled along their entire lenztr
as soon after they have served their operational purpose é:
is practicatle.

Fecom—snged Revisic~:

This parezresh would see™ 10 contracict €2.111(e) 3} wnich

indicztes tnés the ozticn rmust exist 1o leave trne 2918
ozzn for 53 years after thezy have szrvec trnzir posréticn:)
tc bs

[
ezlez shoulc be cstermined as pars t¥ the licerns:ir:
r r <

precess betwzsn issu2nie €7 NS Licerse an

yrascse, Tne tirz 23 which borercies and srafis &~
r

kN - S p -,
L2 Propisec WoTCirs

Trz sezlez shafts and borencles provice a barrier te radionuciig:
rig=aticn mhicn 18 &% lezs: esuivelent to tne Larrier provigs:
by trz undisturtel roln.

& - —— ' - g . - -e s
RR2oTrenslka REVIS o

Tr: sezles penetraticns suth es berenales and shzfis crovide

2 barrier sucr thit racioruzlice migraiion tro= 211 pErgirEtice
js suficierzly low SC thit accentazle consesusnies 2re nit
exceeszZ when peratretics rigraticn porentials gre 85l Lo

all ourer redssitory relesse potentidls. Tre mergir C7 s2tel
a;:lies tc deternine accessasie se2) perforrznie ghz ) be
deter-ines or & site-ty-site basis.

Ra+ipna’e:

The criteria should relate to repository performance, nCt U7E
uneisturnes rock properties. Tnis criterion coulc, ir 172

eysre~s, leas to rejection of rock with very Tow per-e2
be-ause seals coulc nct be developes to match the ~=COH



62.132(c)(2)(vi)(c)

‘-ﬂ

KRR Proocsesd horcirs

Tne Depéertment
include encineered barriers w- % 1
fro= (1) natural ever s an:

(3) chenical attach, &2 (- ¢
snzll det r:1n= tne 12zasicn of
erziysis end in s::; testir:

in tne cesigr--

Recos-gnced Revis i

Deless

katiorgie:

Tris seztic~ c2lls for rezolel
roch éns COnsesse”. Felucted czior

*nis f--lies tnzs res.zes cefor
1821esicn which pretatly is nls
sucn &5 salt, possess excelient

precisely because tnsy CL Créss
veisds in tne ressiiiivy LTIU WG

gathatss for tni récisnesiicss

r=J.. Cree; must be 2J2907702&R
vpec oed” 2s tris $&ILiiC SUig.
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132(e)(2)

Ls2 Breoooses horcit::

The Department shall cesign the underground fazility to
fa-ilitzte resriev:] ¢ wiste in accorgance with
&56,.111(3)(31. 70 a2comalisn tnis tne Deparwment snzll
design the ungergrauns 13:111*v to 2ssure strusturel
sta“111 ty of openings ard minirize ¢-cund wiler contale
with the wast: packases and ¢ssic¢n &n e~ u15 e-2nt environ-
ment tnat otherwiss promotes wasie recovery without €07~
prorxs1n- the abitizy ¢f °r= geslogcs r reossitiry to mesl
the psriormance oL estivel.

e commenLss Revisicr:

<
m
s
(]
ot
@
w
wm
O
o
=
«
w
m
<) |
'
"W
N
o
"

This resuire~z-=: %0 2ssure sirulius rzl stability of openin::
appears 12 assurs NS bzzefil]l guring the rel r.esan periic.
See mzicr COTTEnt On ret rievability. Tne reg ulation sho..<
e tne resuire-znt (first ser rse)., Tne “Departrit
design to mset it and Weo sho.l¢ revies the Cesign for adecualy.

2
411
€2.132(c) (&) (1]

his Prososes hangiri:

The Desartren: snell design subsurface operings to assure

:ili:y tRrouzT .t & LuAstrusticts, coevet.on, ans reries 3l
perwo 1§ gursies systems and strultures 2Te res sired for
st=*111'}. the Dec2rsznt shzl) design them o be comzatitle
with long-ters cxfi-matior Cnaracifri geizs ¢f tre roth anc Ll
aliow for subses.ecs plaze-znt cf bash® Ry

Rezomendes Fe.isico!

Delese resrievel sericis.

See previous COTE"L.



€5.132(c} (3

ke Progesed Worsirns:

Linine 0f Subsuyrfece Excaviiicr:

The Decartrment shall lire su.su-7zze exc2viticns in 2re:s
tnat regquire:

(i) A positive corntrcl cf weter or czs infiow fror 22y fers
Or Other porous 20nes;

(1) Support for zones €7 waih Cr fraitured r

- .
-t

oy

{iii) Anchorege for eauioment cr harce2re.

Recommzndel Revisic™: .

o

Tete

L e ]

Eg:iona1

o

This paragraph would, presumz2bly, elirinzle alternate technglogies
lining, even wher alterrztives m2y prove suitahle ancd cost effectiy:
In sore cases, lining may be particularly uncesiratle. For exar:ic,
acequate anchorace is prssitle in cornetert roch witProut lining.
Further, this criterion should consicer any conseguences of linirg ¢
requirersrts for sealirs. If the statement is recuired at all, 1t
should sircly state trzt: “ingireerel contire] procecures should t:
useZ in any are2s the: recuire:..."

62.132{c) (€.

he. Prcosses ki=girc:

§n2% Convevasces use: in waste handiirs

’

i} The Dezartmart sheil corsider sha®tl corveyanies &
systen important tc saferl,.

-
5
w

(1) The Departrmert shazll design hsists with melranicel geares
lomgring devices tras prezlule caze free fell.

(i) The Dezartment s*271 desigm hcists w'in a ¢
Tozaticn Syste~ Sris s=iviges Qirels '
levels in tne shz¥:. Tre perz=imert i

i corirelled anc



ST o

(iv, De: rtre-s s-:1) cesign shzt lo2ling anc unloadir.:
sv e~s witn & re.iasis s:steT cf jnseriocus trhit wiis
fax] safely upen r2lfunction. The Departrent snzll
include in the design two indepencent indicators to
indicate whether waste pe:ka;es are in place, grappiel,
and reacy for trensies

Recom-endss Pevisic-:

a. insers "Redicactive" befcre vwaste" in the titie.

L lnsert “usec to transpors rzzios-tive wastes” pefore "e
ir (i

c Delete “with mecranicaliy geares lowsring devices” in (4

Retiorszis

8ks. 1t shoulc be clezr tnzt tnese recuire-ents €0 NSt 3220

tc the waste rosk RoSoti.

¢. Althsugh tne preventicn ¢ free fall 18 &n IEROriiTl
cesicr. gzel, there is nc redson as tris tirs te restract
tre tecnnslozy methol for o nieving : £

e ]‘41-'-"‘-“-"
A

e .
h=7 Prissgel wirc "o

.- -

The Decart-ert shz'l insi-e 172
ar.2 the rozh Surrou”iing suotur
jecparcize repasitcry cc'°awn-:':
painnzy for grount wilisr CF raZzion.clice

Re-o—er~des Pevigita:

Celese 211 after veortain=ert.

-
Bzsionaie

o

A pre‘e'e' ia] pathnzy miy C7 M2y nRIT JE

Corpacte

To verify pe-fermanie req
Desartrmant shall estzl 1is

gz €rl2
y providing a preferentiz]

'-ans

+ tne cort2it between

-
=<
- -

r1;'a:icn.

lining
nos
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jnitizses, a progranv for ¢’
packfill section. 1f tre r
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Recommznded Revisior:

Delete “Compacted” from tne title.
Ration2lie:
1t presupposes that comnastic is the best meincs. One might

want to use raterial that waulc excand upan being wetted. Most
backfill may not be compéstes.

rt fro= tne original design inise"t
-

B
-

i
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11. 60.132(c)(8)(v)
K27 Propeses hircirc:
1f aquifers or water-bearing structures are encountered durir:
construction tnen the Department must Uuse pregrouting in advance
of excavation.
Recom-zndes Pevisic™:
Delete
Ratiorzi€:
Pregrouting in acvance of excavaticn is only one of several en2
ineering solutions to water irflow prodleTs. Gere=s incluls
freezing anc 1ining ané temporary den2tering with short boreholes
fror witnin tne excavasion. [In the case of repositories, Pre-
grouting may be parzicula-iy gra-craztive becafe the grout mey
eve~tu2lly recuce tne effectiverais of rash #11{ir3 and repasite
sealirg. This paragraon sho.lc be rencvel from tre resJslaticss
ertirely. The me+hod for haniling water is a normal design con
gsideration.

65.132{¢) GINI®=L pzS16h REQUIFIVMENTS 5= COLSTRJSTIz:

1 60.132(¢) (1) (i)

N2- Proposed Wercird:

The Deparirent shall cooréinzte tre desisr cf tre geologic redo

tory with site2 characserization activities to assure that

&1 %
-
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borehcles necessary for site characterization are jocatec &
future positiens c% gnaiis Or iarss ureacaveted piliars

Delets
Rztionzle:

Requiring boreholes for site characterization 10 be locatec &t
positions of future grzfeg or cillz-s is ¢esirzoie but to0 res-
trictive for all cases. Tris rectriction riy cCause fesaruent
geclogic informztion to be missec during investicztic~. For
exaraie, (1) it may be desirable to drill 2 boring 2wey from the
shaft arez to furtner era~ire ansormzicus conditions in 2 geophye?
su=vey or (2) inclines torehdies may provics signidicent gealoc
informz=ion but tunnels or ghafes miy ncL be comssructed aroutc
these borenoles. Alsc 2 deen bo~ehole canndt be cortrolled wzll
erougn to provice trhis assurenis.

In any event, it shoul¢ be macge clear thet tnis section ge:t
orly with deed barensles that penetrate the host roch Or OIneY
rocks importent to iscieticn. It doss nmot necessarily apriy t¢
sh21low hydrolocic borehcies.

6.132(c) (1) (iif]

KZ° Prooosed wimZinie

1f critical host roch anc other site specific design assurssiors
cannct be verified froo bore--les, geostysicel p2acyremznie, 3NC 0T
ar excioratory ghzf: and initial exzavatior, then ine Deszriment
muss establish @ pilet prograr to further creracterize the eriire
volurs to be occupiel By the underg=ourns fazility a2 to veri®y
critical host rock anc site specific design asgi-zeions pricr o
gesigr finzlizatior and waste e-placemsnt.

Hot o

Reco—renzes Revisior:

Clarify the timing cf this piles progra”.

Rzsigrzle:

——————

Ll

. - e w

- hae ' o . . b | . -2 - - -
We assu~s that this T ool il -8 characzterizziiit S

following the CA, conturrént with rescsistry C2.2iipmert.



3. 62.132(¢)(3)

0 Prooased Warging:

Excavation Technigquss

The Department shall assure that methods used for excavation wi'll
neither create 2 preferertial pathwdy for ground water OT radic-
active waste migration, nor increase tre potential for migratior
through existing patha2y. Tre Depariment shall use to the extert
practicable mechanical e»caveicrs, baring machines and other non-
blasting methods. 1€ tiesting is requirec for excavation, the
Departrznt must use mathacs specifically designed for ezch phase
of the work that minimiZe fracturing of the surrounding roch. 1N
this program the Cecartrant rmay in=lude the use of pilot bores
and turnzls and delay Sys.e™s desigred to rinimize the amourt of
explosives detonzted sirJitansously. 1¥ plasting is utilizec

the Department rust utilize controliec perimster plasting such

as the smocsh blasting or preshearing tezrhnigues and cushion.

Recom—anged Revision:

Delete all after ths first sentence.
Raticrzle:

The rezulation ghoule orly state the criterion not the techrique:
used to meet it.

60.132(e) RECORDS AND poasTIng REQIREMINTS

1. 10 CFR 60.132(e) (3} Fetartion 0f Cores and LOZS

N2> Proposes worging:

The Department shzll retain on site, urtil dezb—isgioning, 21l
cores fror all exzloratory barings drillec during site selection,
site characterization, constructicn, arc oseraticn. The Depart-
ment shall store the cores in durasle baxes housec in weather-
proof builcirs. The Desartmert shall arranse the cores to 0%
reacily availatle for inspectior. Tne feczrtment shall stOVE in
the same are2 10¢s of the borinzi, incluling gezznysicel 1035,

Recomended Revisig~:

Change first sentence tc: The Departmers shall retain
until decomrissioning, representziive CO7E3 from exploratc”y



borings drillec at tns site during site characterization, constiruc-
ticn, and opsraticr.

Rztionzle:

The requirermsnt, 2s written, ijs unrezlistic. During ths

course of the natior:] sit2 crarzcterization arsd selaction pro-
gram, tens of miles of coras will be cererated from all over tne
United States. Tnere is rd o-vious utility in storing @ core frc~
2 s21t dome in Mississipsi at @ beselt recasitory in keshingtor,
or vice versa. If e regional repesitery progras were to be ini-
tiated, it would be jr-sssinie to store 271 corzs at all repisi-
tories. In additior, it is €om73n, and necess:ry, to send portions
of cores to laboratories for testing. Such tesiing may be 0ss-
tructive and therefore that portion of the cOre cannot be storel
in accorcance with tre rezuireTsnt. The s<2f should review this
paregraph to determirz wait is re2lly recuirec.

€£7.133 KESTE PACKAGE AND EMSLACEMINT ENVIRDWMINT

1.

60.133(2)

ryna

\°C Proposed Worcirt

General Reguiremenis. The Department shall insSure. ..

Pecommended Pevisice:

Gereral Reaguirementi:. The recuire—ents of this ge:-tion are
applicable only teC koiv., The [apartment shall insyre...

60.133(a)(2)

NS_ Proposes borcirc:

-

Provide reasonable assyrance that the in sity ghe~ical, physice ',
and/or nuclear proferties of the wasse patraz:z ancz/or its
jnteractions with tre erzlace—ert enviror~ent will not cormprorise
the function of the waste pacxases. Supporting analyses shall
include, but not be limited to, evaluation cf the following
factors: solubility, cherizal reactions, corrosion, Ges
generation, therral effects, mechanical strencih, mecharice’
stresses, raciolysis, racration damage, nuclice retardztion,
leaching, fire a=2 explosion hazarcs, therre’ lo2ls, 2arc
synergistic interacticrs.



Fesp==ancad Pevisic~:

Chancz “synergistic" tz "acveris
g -

Rationzis:

Synergistic interactions mzy nit 2lnzys be unfavoretle.

60.123(b)(?) Free Licuics

N=- Proposed hordin::

The waste package must conizin nd free liguics.

Recommanded Revisiorn:

Change "must not cersain free licuids in graurts thal
irogir the structurz] intezrity of wasi: packace €O pOr

tn cherica) interactions or forration of pressurized vepcr, O

2) result in spiliecs and the spreac
of package perforatic”

Eationzlis:
RESIMIE

In the case of spent fuel, it is nct apparent how the presern
of fres liquids coulc be detested, how they could be renovel
or whzt harr they coulC C2use. In any casg, an incicalion C

of contarinaticn in tre ever’

-
ivs

L

what Fust be protectec aczirst should be providec.

60.133(c) (V)

K=- Propesed horgin::

Phvsical Dimensions and heia:. fach container has besn desi
ar: fa-ricates to peTit se‘e haraling at the repssitory ¢umi
A
r

orerzsions and if necessary, during
dezcrrissioning.

retrieval,pricr to re



€2.137 KINITORING PR

— - ... : -
Fe=g-~-arcel Revisics~:

Changs "has been” tc “shell

pation2le:

Editorial.

.-

¥ g

hre

Pronoses Worgdirs:

The
cheraczterization.

o
o

Departrant shall initiate a syste™ of
The Desartrent sheli ¢

srese monitors, 2s anpresrizte, throughe.t

institutional cor<rel.
svstems to verify trhat the garformance o)

£7.111 ares being &cnievel.

o~
reconT.ens

i

¢ Fevisi

Chanze “throughlul

' E'S - .
until repssitory

pasicnzie:

K23t ¢F tre manite
is not aporopriate
€zzt clesure monit

tre peric? cf
cicsuri

perfornel

er clesure

s .

fcr post closure moritoring.

€2.137.t)

N2 Prcposes worsinc:

Thev provide baseline inforration On thise para”

: ‘ifferert
ar= should be trezted sepzrately fror
Perhans it is toc early to develop @ resulatory requirerens

instigtutiongl conire

during repssi

(e.g.s 62,1324
Suc_ et
pre:losure

monitors during site
intain earn
the perigc ¢~

Tre ferartmert srzll cesign the monitoring

T
Tew

processes pertaining to tne safely of a cangice

rz, be caused by site charalterizatior astivity

Pe-o--endes Revisicn:

C]érify

Rasion2le:

The meaning of this iter is nCt clear.
measure b2s2 line information on parametens arZ processes whil
may be disturdec by charazterization activities?

Since NRZ is requiring muiti;7e sites be
monitoring requirer2ris are ex
key parameters shoulc conlinJe

~steive.

or a site seieztel

re~nsitory and not on all "pankes” sites.

Is it tre inter
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CONSULTING ENGINEERS, INC.

Richarc D. Eltison
EAEZ. TV E ViCE SRESITENT June 18, 1980 LYSI. B, frveps

Mr. L. B. Myers

Office of Nuclear Waste Isclation
505 King Avenue

Columbus, Ohio 43201

Dear Mr. Myers:

Enclosed are our Pricrity I comments (lis:ed on Table I) to the
draft NRC regulations for HLW repositories. Priority I means that
we feel that the issue is very important and that it will te very
important that changes be made.

Tomorrow, we will mail our Priority 2 comments. Those comments are
also important and should be considered. However, if changes in
Priority 2 items are not accomplished, the impact will not be nearly
as severe.

We would be pleased to provide any clarificaticns to our comments
that you may request.

Very truly yours,

R T

Richard D. Ellison

RDE:se
Enclosures

1C SUFF RCAD. PITTSEURGH. PA 15238 TELEPWCHE 472 '243.2220

Vo rimm
#i'
Hawar e
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60.
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60.
60.
60.
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60.
60.
60.
60.
60.
60.
60.
¢0.
60.
60.

111(a)(2)
111(a)(3)
111(ec) (2) (i1)
111(e) (3) (1)
111(e) (3) (11)
111(e) (4) (111)
122(b)
122(b) (1) (i1)
122(b) (1) (i11)
132(a) (3) (11)
132(c) (2) (iv) (a)
132(e) (2) (iv) (b)
132(e)(3)
132(e) (7) (i11)
132(2)(9) (v)
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Priority I Comments
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PRIORITY 1 ISSUE
[GENERAL]

Subiect of Corment:
General-~The entire Draft of 10CFR60.

Comment:

The document represents a comprehensive effort with consideration of the
multiple geoscience, health safety and engineering disciplines involvec.
It emphasizes the need of overall public safety concerns regarding
racioactive waste disposal, while generally recognizing the realistic
fact that absolute isolation may not be assured or necessary. The,
document attempts to address fairly comprehensively major criteria fer
siting, design and decommissioning of repositories. A few significant
reservations on the overall document are expressed below, while comments

on specific sections are discussed separately.

The statement of overall performance objectives is an essential first
step in the development of any design criteria. However, the draft
tends to intermix the overall objectives with delineation of specific
me:hods on how to achieve these objectives. Such specifications are not
necessary at this time and will inhibit the development of alternative
design approaches based upon extensive R&D activities and site specific
investigations. For instance, requirement of minimum 1,000 year migra-
tion period througn a geologic media [60.111(c)(4)(iii)], probably would
not affect most repository sites. However, there may be sites which
have extremely low potential for any release to occur that would not
completely meet the 1,000-year criterion. Each site should be judged on
its total merits. Another example relates to the designation that the
waste package contain radionuclides for at least the first 1,000 years.
This could be stated as a general goal, but allowance should be made for
consideration of a shorter period if the Department can show some
repository sites to have geologic barrier conditions that can confident~-

ly be relied upon during the first 1,000 years. I1f the NRC feels that

e T Sk S At BNt N L %



example specifications must be included, there should be clear designa-
tions that alternatives will be acceptable if the Department demon-

strates that overall performance objectives are met.

In summary, it is recommended that all quantitarive specifications
related to radionuclide release be eliminated or qualified as being
goals only. The final acceptance or rejection should always be based on
a comparison of predicted release rates with established EPA radiation

standards.

Alsc, comment is appropriate for absolute or extreme terms such as

'

"all," "optimum," "minimum," "maximum," "most severe." and "too complex"
that are used in many locaticns in the draft. It is suggested that use
of these terms be reexamined to make sure that an unnecessarily rigid
position is not taken that will lead to future controversies in design
development and licensing. For instance, the requirement to design
against "most severe' geologic event [60.132(a)(3)(ii)] is impossible to
mee:, since literally the absolute most severe geolozic event possible
at anv site would be eruption of a volcano or displacement due to

faulting. In reality, however, the probability of occurrence of these

events is so small as to make them unimportant to overall objectives.

% N Lt B IR Y B B K S



PRIORITY 1 ISSUE
(60.111(a)(2)]

Subject of Comment:

60.111(a)(2) Releases afrer decommissioning. "The Department of Energy

shall provide reasonable assurance that after decommissioning the
geologic repositery will isolate radiocactive wastes o such a degree
that quantities and concentrations of radicactive waste in the acces-
sible environment will conform to such generally applicable environ-
men:al standards as may have bean established by the Environmental

Protection Agency."

Comment:
Tnis statement is very reasonable and discussions at meeiings wiih many
scientific contribuccrs indicate general concurrence tha: releases

should cenform to generally applicadble environmental standards.

It is noted here, that this same approach should also be taken relative
to> ceterzination of the adequacy of penetration seals [Secction 50.132(2)
(2)(iv)(b)]. At the recent International Meeting on Penecraticon Sealing
(Mavy 7-9, 1980 in Col:mbus, Ohio) it was a consensus that requi-ed
perfcrmance of seals should be measured in terms of potential nuclide
release rates vs allowable standards; as oppesed to relating potential

seal behavior to undisturbed rock behavior.

AP LK
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PRIORITY 1 ISSUE
[60.111(a) (3)])

Subject ¢f Comment:

60.111(a)(3) Retrievabilitv. "The Department of Energy shall design the

geclogic repository operations area so that the radiocactive waste stored
there can be retrieved for a period of 50 years after termination of
waste emplacement operatioms, if the geologic repositoery operations area
has not been decommissioned. If during this period a decision is made
to retrieve the wastes the Department shall insure that wastes could

be retrieved in compliance with Part 20 of this Cnhapter and in about

the same period of time as that during which they were emplaced."

Comment :
As an initial commen:t, the above statement about retrievadility can be
confusing. It states fairly positively that the waste must be retriev-

able for 50 vears after termination of operations if the ares has not

been decem~issioned. However, the statement does not address retriev=-

ability if the area is decommissioned. Also, what are the conditions

wrich can lead to decommissioning of an area’ Tnis confusion should be

resolved in the final regulationr.

Possibly of even greater importance, the period of 50 years after ter-

mination of operations appears to be verv excessive. It is reasonable

that the Department and tte Commission have some time after waste
placement to determine by monitoring that conditions are acceptadble for
decommissioning without providing special efforts to permit future
retrieval. However, the major effort during backfilling and decommis-
sioning should be to maximize long term adequacy of the repository.
Trying to maintain a retrievable condition for the operating life plus
50 years could in-and-of-itself reduce the safety of the repository by
causing undesirable rock stresses and movements. This will be important
in salt because of natural creep closure. It also may be very important
in other rocks which will crack, causing additional potential flow

paths, if the voids are not backfilled in a reasonable period.

FENTRBOA SO EN
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The actual time required for retrieval should be set on a site by site
basis depending on conditions at that site and the overall repository
design. It would be reasonable to request a minimum retrievable period
for the first several years of operation when monitoring is being
accomplished. A reasonable time frame would be 5 to 10 years for the
first portion of a repository. Then at that time, the Department and
Commission should develop a final decommissioning plan for all future

areas of the repository.

It is worthy to note that the regulations are requirinrg engineered waste
packages which will last for many more than 50 vears. On that basis,
retrievadbilicy uoyld alvavs be possible for at least 50 vears 1f some
extreme condition occurred. The cost would be very high, but that very
szall risk is justified by having a decommissioned sysiedm that tends to

maximize long term storage safety.
In closing, the Commission is urged to not close on this issue with an

extreme 50 year position until all of the ramifications of such a

decision are understood.

TN PEROL NG



PRIORITY 1 ISSUE
[60.111(e) (2) (i1)]

Subject of Comment:

60.111(e)(2)(ii) "Containment of all radionuclides fer the first 1,000
years after decommissioning of the geologic repository operations area
and as long thereafter as is reasonably achievable, assuming expected
events and processes and that some of the waste dissolves soon after

decommissioning."

Comment :

On the basis of Section 60.111(a)(2) the geologic system should not have
to contain all radionuclides under all possible conditions. Instead,
the level of escape should be within an acceptable standard. Also, it
does not appear appropriate to consider "expected" geologic eveats in
this connotation.™ 1Instead, one should consider the probability of
events occurring during this relatively shor:t geclogic period and the
consequences of the events. Tne resulting risk (determined by consicer=-
ing the probability of the event, the probability of waste dissolution=
ing, and the probability of intersection of the event and dissolved

waste) should be less than the acceptable standard.

*wote: 1f expected means the probability of event that could occur, or
only those event: with a high probability of occurrence for a given
period, this definition should be incorporated into the Definitions
section.
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PRIORITY I ISSUZ
(60.111(c) (3)(1)]

Subject of Comment:

60.111(e)(3)(i) "Starting 1,000 years after decommissioning of the
geclogic repository operations area, the radionuclides present in KLV
will be released from the underground facility at an annual rate that
is as low as reasonably achievable and is in no case greater than an
annual rate of one part in one hundred thousand of the total activity
present in HLW within the underground facility 1,000 vears after de-

commissioning assuming expected processes and events."

Comment:

Relating the allowabls release rates to the total activity in the
repository is inappropriate. Using the arbitrary IEE%EEE ratio could
be either conservative or unconservative depending on the size of the
site and repcsitory conditions. Instead, the allowable release rate
should be determined by the consequence or risk of the indicated release
in relation to an acceptable standard. The consequence depends on the
mode of potential release, concentration of contaminants, tvpe of
radioactive source, etc., in addition to the activity release rate.
Risk will depend on the probability of potential events occurring.
(Note: It is not appropriate to discuss "expected" geologic events in

this situation.™)

¥See ootnote for Section 60.111Ce) (2)(i1).
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PRIORITY 1 ISSUE
[60.111(c) (3) (ii)]

Subiject of Comment:

60.111(e) (3)(ii) "Starting at decommissioning radionuclides present in
TRU waste will be released at a rate that is as low as reasonably
achievable and is in no case greater than one part in one hundred
thousand of the total activity present in TRU waste within the under-
ground facility at the time of decommissioning assuming expected

srocesses and events."

Comment:

[See the comments to Section 60.111(e)(3)(i).] The Commission shoulc

alwavs lizit releases so that consechences or risks are within accept-
able standards. Arbitrary quantitative designations can not be appro-
priate for all repositories and all conditions. Also, geclogic events
are not "expec:ed."* Instead, there is a probability of their occur-

rence during any designated time period.

¥See footnote for Section 60.111(e)(2)(id).
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PRIORITY 1 1SSUE
[69.111(e) (&) (iii)]

Subject of Comment:

60.111(e) (4)(iii) "The Department shall provide reascnable assurance
that the hydrologic and geochemical properties of the host rock and
surrounding confining units will provide radionuclide travel times to
the accessible environment of at least 1,000 years assuming expected

processes and events."

Comment:

Tnis objective is technically impractical. The travel time alone 1is
only one consideration in deterzining the influence of nuclear waste
release on pudblic health. Other considerations include type, rate,

concentration, total cuantitv of release, entry point to biosphere,

mans use of bicsphere, etc. As noted in comments on Sections 60.111(¢)

(3)(i) and (ii), the Commission should be consistent in limiting the
consequence on risk of any release to accepted standards. Arbitrary
quantitative designations without consideration of site specific

conditicns just do not make sense and can not be rationally defended.

An appropriately designed repositiory will have varying requirements on

engineered and geologic barriers, such that the net release to acces-
sible environment is acceptable. Imposing an arbitrary travel time
requirement could lead to discarding of some otherwise very attractive

sites.
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PRIORITY I ISSUE
[60.122(b) ]

Sabject of Comment:

60.122 (b) Potentially Adverse Conditions. "The following paragraphs

describe human activities or natural conditions which can adversely
affect the stability of the repository site, increase the migration of
radionuclides from the repository, or provide pathways to the accessible
environment. The Department shall demonstrate whether any of the
potentially adverse human activities or natural conditions are present.
The Department shall docvment all investigations. The presence of anx
of the potentially adverse human activities or natural conditions will
give rise to a presumption that the geologic repository will not meet
the perfcnmnance objectives. The conditions and astivities in this
section applv, unless otherwise stated, to the volume of rock deterzined

by the Departmen: in Section 60.112(a)(8) above."

Corment :

Tne impact of potentially adverse conditions is veryv much overstated

bv the statement that "the presence of any of the potentizlly adverse
..... conditions will give rise to a presumption that the geologic
repository will no: mee: the performance objectives." That statement

is qualified at the end of Section 60.122(b) by allowing a rebuttal

if it can be shown that the potentially adverse conditions does not
adversely affect performance of the geologic repository. It 1is stromgly
recommended that this latter position be taken at the beginning of this

section to avoid the process of first "disqualifyving" and the "requali-
fying" sites. This could be accomplished by changing the above wording
to state "The presence of any of the potentially adverse human activi-
ties or natural conditions will require demonstration by the Department
that the conditions do not adversely affect repository performance
within acceptable standards if the site is to be considered as a viable
option." Exauple methods of demonstrations are included at the end of

this section. (Another way to accomplish this would be to leave the
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adverse list out of the regulations entirely and state that it is the
Department’'s obligation to show that the repository will perform adequ-
ately for all site conditions. This process will give better potential

for selection of the best candidate sites in the United States.)

Finally, the volume considered for evaluation cannot possibly be the
100 km distance stated in Section 60.122(a)(8). It is assumed that
this was a typographic error in the draft regulations. The correct

reference for volume would appear to be Sectionm 60.122(a)(%).
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PRIORITY I ISSUE
[60.122(b) (1) (ii)]

Subject of Comment:

60.122(b)(1)(i1) "Except holes drilled for investigations of the
geologic repository, there is or has been drilling for whatever purpose

to depths below the lover limit of the accessihble environment."

Tne requirement to consider all drilled holes as an "adverse" condition
as defined in the draf: regulations is unnecessarily restrictive. Cer-
tainly, borings several kz from the site do not necessarily pose extreme
prodlems in all cases. A primary example would be a salt dome where the

bering is completely away from the dome.

Further, borings nearer to the site mav be separated from the repositor)
bv an adequate barrier or they mav be sealed--and all open borings can
be reentered for cleaning and sealing. This statement should be elim=
inated entirely or restated to include only borings at locations waich
couicd adversely affect containment and if the boring is not accessible

for sealing.
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PRIORITY I ISSUE
(60.122(b) (1) (iii)]

Subject of Comment:

60.122(b)(1)(iii) "There are resources which are economically exploit-

able using existing technology under present market conditions."

Comment :

This item should refer to resource demands and alternate supplies and
ne: just to its exploitability. For example, salt is a resource which
could e exploited economically from many salt domes and bedded sal:
areas. However, that resource will not be exploited because of the
abundance of salt. Therefore, use of a particular dome for waste

disposal is a preferable use of that resource.
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PRIORITY I ISSUE
[60.132(a) (3) (ii)]

Subject of Comment:

60.132(a)(3)(ii) "The Department shall design and locate structures,
systems and components important to safety to withstand the most severe
of natural phenomena that are likely to occur at the site including
seiswic, meteorologic and hydrologic events without loss of capability

to perform their safety function."

Conmens:

It is sssumed that this section deals with support facilities during the

operations ané no: related to the repository after decommissioning. In
tha: event, it is noted that the issue of designing nuclear facilities
ior nazural events such as earthquakes has been debated for two decaces.
The pruposed wording is sufficiently subjective to initiate & new series

# debates to define "most severe," "likely to occur," and "safety

. "
1an
PR

"

e
func Iz appears more logical for the Comzission ©o adopt the
"operating basis" ané "safe shut down basis" events presently used for
nuclear power plants as given in 10CFRIO0 Appendix A. Tne analvses
srocedures are understood and accepted. Also, they snhould not be highly
controversial for repositories because they usually will not be sitec

in high risk areas and/or the number of safety related facilities are

relatively limicted.
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PRIORITY 1 ISSUE
[60.132(c) (2) (iv){a)]

Sutject of Comment:

60. :32(c)(2)(iv)(a) "The shafts and boreholes are sealed along their
¢ntire length as s. “ter they have served their operational purpose

as is practicable;"

Comment:

Justific tion for not initially sealing the entire length could include:

e Only cerc n locations along penetrations are
critical .o seal performance. Sealing of one or
several critical locations could be satisfactery
for interim sealing if reentry at & later time
to complete the seal is assured.

e Partial seals in boreholes for a temporary period
would allow for some monitoring or testing of the
seal before the entire penetration is filled.

. Possidbly of greatest importance, by only parzially
sealing a penetration initially it will be
possible to complete the seal at a later time
(possibly at the time of decommissioning) using
the best techniques available at that time.
Improved techniques will be developed by ongoing
R and D programs and/or by sealing activities of
other repositories.

e In the case of shafts and tunnels, it may be desirable
to temporari'y leave a condition which permits reentry
if desirable for future overall operational changes.

ONW1 and the BWIP programs are both sponsoring major multiyear contracts
to develop acceptable criteria for the materials, installation, and per-
formance of penetration seals. Preliminary results (ONWI-35 and ONWI=50),
show the potential benefits stated above for only partial sealing
initially. The desirability and technical requirements for temporary
partial sealing will be extended to firm, fully justified recommendations

during the next several years of these ongoing investigations.
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A-186

To zccount for the Commission's objective to assure that penetrations are
sealed and yet leave room for improved procedures resulting from exten-
sive generic and site-specific design efforts, the following wording is

recommended for this section.

"Penetrations such as boreholes, shafts, and access tunnels shall be
sealed along their entire length as soon as practicable after they have
served their operational purpose, unless the Department provides proce~
dures for only partially sealing any penetration initially, and has
acceptable procedures for completing the seal prior to decommissioning.
Justification for partial sealing will only be if there is a real
pozential for reentry into the peretration or if a substantial benefit
froz future aivanced sealing technology is anticipated. In all cases
where partial sealing is planned, the Department must demonstrate that
the unsealed porticn of the penetration will be preserved in an acces-
sible cordition and that all sealing will be completed at the time of

decommissioning."

L

t is recommended that the extent and timing and extent of sealing be
incorperated in repository and seal designs and that the NRC criteria

reflect this recormendatien.

£ Nk B B Y P R RS




A-17

PRIORITY 1 ISSUE
[60.132(e) (2)(iv)(b)]

Subject of Comment:
50.132(e)(2)(iv)(b) "The sealed shafts and boreholes provide a barrier

to radionuclide migration which is at least equivalent to the barrier

provided by the undisturbed rock."

Comment :
The report ONWI=55 (Office of Nuclear Waste Isolation, "Repositery
Sealing Design Approach = 1979") discussed the following alternative
design goals for penetration seals.

1. Flow of permeant through the seal zone should

be no greater than the flow through a sicilar
area of undisturbed host material.

"
.

Flow of permeant through the seal zone is small
compared with the total flow over the entire
repository area.

3. The concentration of any radionuclide escape 1is
within an acceptable limit.

‘s

The radionuclide migration rate through the seal
zone is always less by a specified factor of
safety than an acceptable level determined by a
consequence analysis,.

The propo.=d draft regulation is similar to the first of these alter-
natives exc:2pt chat the seal function is related to blockage of radic-
nuclide migration as opposed to permeant flow. ONWI-533 also concludes
that radionuclide flow is the appropriate measure for evaluation of seal

adequacy.

asg ™ent, against either the proposed draft criterion as well as the
first two ONWI-55 design goal alternatives are:
e They are not quantitatively related to the most
fundamental objective of the repositorv, i.e.,

to mitigate the consequences of the stored waste
to the biosphere.

AR EY R
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e With them it will not be possible to conclu-
sively prove that the objective of the goal 1is
ever met, except perhaps after long-term meonitor-
ing of the performance of the seals.

e The goal does not -2cognize time variations of
the repository conditions and of the seal
materials.

To these, one could add that the goal could result in the best host rock
not being acceptable because it's very low permeability condition makes
it much more difficult to satisfy sealing requirsaments according to the
éraft. 1In the limit, a very good repository could te disqualified

even 1f{ exiremely tight seals could be placed--if one could not demon-
strate that the seal was exactly equivalent to the host rock in terms cof

radionuclide blockage.

ONaI~35 recommends that the fourth design goal (see above) be accepted
as a criterion for sealing. This goal is the most flexible and worka>le

considering:

e The goal relates :o0 acceptable release rates,
thus requiring consideration of all site-specifi
conditions and institutional standards.

e It is expected that sealing investigations will
show that sealing can be accomplished sc that
potential escape rates are very low. However, it
may not be possible to positively conclude that
escape rates at and near to a serl positively
will be egqual to or less than through a very good
host material. Thus, the recommended goal does
not unduly penalize (and possibly eliminate) the
best host rock environments by requiring extreme
sealing requirements, while much reduced sealing
is required for less ideal host conditions.

@ The use of a factor of safety (or some other
similar reducing factor) permits the acceptable
release level to be reduced as approrriate to
account for the total number of penetrations,
other potential release paths, any uncertain-
ties in seal behavior or future events, and
potential future reductions in instituticnal
standardc.
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o The use of the factor of safety concept can
permit consideration of time changes in reposi=-
tory and seal conditions, by assigning different
factors for different time considerations.

Recognizing that the concepts of penetration sealing requirements will
be greatly «¢nhanced during the next several years, it is recommended
that the draft regulations at this time be revised to permit the Commis-
sion and Department to agree upon *~e best solution when a.tual seal

designs are being developed. The following wording is suggested.

"The sealed penetrations such as boreholes and shafts provide a barrier
such tha: radion.clide migration from all penetrations is sufficiently
low so that acceptable conseguences are not exceeded when penetration
migration potentials are added to all other repository release poten-
tials. The margin of safety applied to determine acceptable seal

performance shall be determined on a site-by-site basis."
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PRIORITY I ISSUE
[60.132(c) (2)]

Subject of Cocment:

60.132(c)(3) "Design to facilitate retrieval of waste. The Department
shall design the underground facility to facilitate retrieval of wasie
in accordance with Section 60.111(a)(3). To accomplish this, the
Department shall design the underground facility to assure structural
stability of openings and minimize groundwater contact with the waste
packages and design an emplacement environment that otherwise promotes
waste recovery without compromising the ability of the geoclogic reposi-

tory to meet the performance objectives."

Comment :

[See comments to Section 60.111(a)(3).] It is apparent that much
adéitional discussion and evaluation is required before the Commission
can give an absolute quantitative requirement for retrievability. It
zav be that there are several types of retrievability; i.e., "with
direct access' before backfilling which would apply for a short period;
ané "technically feasible but with remining" for some longer period
after backfilling. However, the backfilling would be accomplished using
procedures aimed primarily at the long term isolation goal. It does not
make sense to jeopardize long term isolation of an entire repository

simply to achieve an excessive period for "direct access” retrievability.

AT AN N



PRIORITY I ISSUE
[60.132(e) (7)(iii)]

Subject of Comment:

60.132(e)(7)(iii) “During repository construction and operation the
Department shall conduct a continued program of surveillance, testing,
measurement, and geologic mapping to ensure that design parameters are
verified and to provide additional data to confirz the isolation and
containment characteristics of the seals and the underground facility.
The Department shall measu-e and monitor changes in subsurface

conditions on a regular basis.”

Corment :
As with all underground construction activities, it must De ‘meticipated
that changed conditions will be encountered from time to time that mav
recuire that revisions be made to design paramet rs and construction
techniques. 7. will be of major benefit to repository schedules and
costs if the regulations include a mechanism for making the changes that
will not change the overall intent of the repository without disrupting
operations. Section 60.132(e)(71(iii) appears to be an appropriate
location to introduce this concept. A suggestion is to modify the

"

wording as follows: ...that design parameters are verified or appre-

priate changes made -0 suit actwal fieid conditions, and to previde

"
QatE. . v e
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PRIORITY I ISSUE
[60.132(c) (9) (v)]

Subject of Comment:

60.132(c)(9)(v) "1f aquifers or water bearing structures are encountered
during construction then the Department must use pregrouting in advance

of excaration."

Comment :
Pregrouting in advance of excavation is only one of several engineerirng
solutions to water inflow problems. Others include freezing and lining

and temporary dewatering with short boreholes from within the excava-

’
tion. In the case of repositories, pregrouting may be particularly

unattractive because the grout may eventually reduce the effectiveness
of backfilling and repository sealing. This paragraph should be remcved
from the regulations entirely. The method for handling water is a

normal design consideration.
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PRIORITY I ISSUE
(60.135)

Subject of Comment:

60.135 "Tne Department shall design and construct the geoclogic reposi-
tory operations area to permit retrieval of all waste packages,
mechanically intact, if retrieval operations begin within 50 years
after all of the waste has been emplaced and if the geologic repository
has not been decommissioned. The design cof the geologic repository
operations area shall provide for retrievability of the waste within

a period of time that is about the same as that in which it was

% 1
ermplaced.’

-

Comment:

It is agsin noted that the retrieval/decommissioning situaticn in the
éraft regulations is confusing and probably mot appropriate. [See
comments to Sections 60.111(a)(3) and 60.132(c)(3).]
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Mr. L. B. Myers

Office of Nuclear Waste Isclation
505 King Avanue

Columbus, Ohio 43201

Dear Mr. Myers:

Enclosed are our Priority II comments (listed on Table II) to the draft
NRC regulations for HLW repositories. We do not want to diminish their
value because we hope that these changes are made. However, the
Priority I issues sent to you yesterday appear to be most critical.

Our review comments resulted from a variety of our personnel working
for ONWI and for other repository activities. Accordingly, I am
going to bind our comments so that each of our pecple will have a copy
for review and their files. I will send you one of those bound copies
so that you will have a complete record of D'Appolonia suggestioms.

Very truly yours,

(Luwg ’S (,K

Richard D. Ellison
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60.2 Definitions

60.
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101(e)
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60.
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60.
60.
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60.
60.
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132(c)(2) (1)
132(e)(2)(i1)
132(e)(2)(v)
132(e) (&) (1i1)
132(c)(5)
132(e)(6)(ii)
132(4) (1) (i)
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PRIORITY 11 1SSUE
[CONSIDERATIONS (1))

Subject of Comment:

Pg. 31396 Considerations (1) Systems Approach. "The term.....decision

bases.

"It is evident that for a geologic repository, the geologic setting must
be one barrier. In considering whether there should be other barriers,
a kev question which needs to be answered is whether it is prudent, in
view of the nature of the problems and the uncertainties involved,

to rely on the geologic setting alone to accomplish the functions

stated above. The state-of-the-art in the earth sciences is such that
a’'l of the uncertainties associated with these functions cannot be

resolved through consideration of the geclogic setting.

“lt is appropriate..... medium and site."

Comment :

This comment may 7ot require any action by the NRC, but is made to
possibly avoid future confusion. The thought presented in this para-
graoh indicates that the geologic setting can provide onlv one barrier.
At the same time, however, ONWI is performing studies to see if sites
can be located which have multiple natural barriers--i.e., where the
geologic setting provides more than one barrier. It would appear to be
potentiallv beneficial for the Department and Commission to concur on
this concept. That concurrence should also have some effects on how the
Commission treats undesirable quantitative specifications which present=-

ly cover all sites.



PRIORITY I1 ISSUE
(60.2)

Subject of Comment:

60.2 Definitions.
Comment :
Definitions of the terms "saturated mcdia", "site", "institutional

control”, and "module" should be added.

Subject of Comment:

60.2 "Decommissioning--means final backfilling of subsurface facilities,

sealing of shafts, and decontamination and dismantlement of surface

facilities."

Comment:

Change of "..sealing of shafts..." to "...sealing of penetrations such

"

as shafts..." is recommended.
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PRIORITY II ISSUE
[60.101(e)])

Subject of Comment:

60.101(e) "The requirements and conditions in subsequent sections
assume that disposal will be in saturated media. The Commission does
not interd to exclude disposal in the vadose zone or any other method
by promulgating these criteria; however, different criteria may need

to be developed to license other disposal methods."

Comment :

Without a definition of saturated media, the statement is not very *®
precise and will have different meanings to different persons. For
example, does the term "saturated media" mean that the host is within

a continuous water table condition or does it simply imply "below the

water table."




PRIORITY Il ISSUE
[60.111(c)(1)]

Subject of Coument:

60.111(¢)(1) Waste Packages. "The Department shall design waste pack~
ages so that there is reasonable assurance that radionuclides will be
contained for at least the first 1,000 years after decommissioning

and for as long thereafter as is reasonably achievable given expected
processes and events as well as various water flow conditions inc luding

full or partial saturation of the underground facility."

«Comment :

The general purpose of the 1,000 year designation appears reasonable
based upon radionuclide decay rates and desired redundancy with the
isolation provided by the geologic system. However, it seems premature
at this time to absolutely conclude that 1,000 years is the correct
number for all repository sites. For example, if a site is determined
to provide extremely good natural isolation, but waste packages can

be assured for only 700 years because of a chemical condition or waste
package costs, the site may still present a very attractive alternative.
It is strongly recommended that this section be qualified to permit
shcrter periods, if the Department can demonstrate that the combined
geologic barriers and engineered Larriers satisfy the intent of a HLW

repository.

DAPPOLANY LA



PRIORITY 11 ISSUE
[60.122(a) (2)(i)]

Subject of Comment:

60.122(a)(2)(i) "The Department shall conduct investigations on the

order of 100 kilometers horizontal radius from the geologic repository

operations area."

Comment. :

For some sites 100 km may be too small, while for others, such as

salt domes, 100 km may be too large. It is recommended that this.
section eliminate the strict use of a "gquantitative designation" and
replace it with "the investigation of each geologic tectonic, hydrologic
and climatic factor important (o repository functioning should be
conducted over that area required to fully describe and analyze that
feature." At some sites and for some factors, the distance could be 100
km or more. The level of detail irvestigated at all distances from the

repository site shall be determined to suit the type and importance of

data at that location.
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PRIORITY 11 ISSUE
[60.122(a) (6)]

Subject of Comment:

60.122(a)(6) "The Department shall validate analyses and modeling of
future conditions and changes in site characteristics using field tests,
in situ tests, field-verified laboratory tests, monitoring data, or

natural analog studies."

Comment :

1t is always difficult to envision every scientific procedure that may
be used to verify and/or validate a finding, particularly in an area
wvith major R&D efforts. It is recommended that the following statement
be added to the end of this section: ". . .or other method demonstrated

to be appropriate by the Nepartment."

v,



PRIORITY 11 ISSUE
[60.122(a)(9)]

Subject of Coument:

60.122(a)(9) "The Department shall determine by appropriate znalyses
the extent of the volume of rock within which the geologic framework,
ground-vater flow, ground-water chemistry, or geomechanical properties
are anticipated to be significantly affected by construction of the
geologic repository or by the presence of the emplaced wastes, with
emphasis on the thermal loading of the latter. In order to do the
analyses required in this paragraph, the Department shall at a minimum

conduct investigati'ons and tests to provide the following input data...

"As a minimum, the Department shall assume that the volume will extend
a horizontal distance of 2 kilometers from the limits of the repository
excavation and a vertical distance from the surface to a depth of 1

kilometer below the limits of the repository excavation."

Comment :

In some cases, such as a salt dome, a distance of 2 km from the reposi-~
tory may be excessive. This can be handled without excessive effort, if
all parties recognize the level of detail actuzlly needed as distance
may vary from site-to-site. Possibly of greater importance, the 1 km
depth below the repository as an unqualified requirement may not always
be desirable. For example, if there are several aquifers within 1 km
distance, it will be desirable that borings below the repository be
limited to only the absolute minimum required~-and their locations
should be very carefully selected. It is recommended that this section
be changed to say that the volume extends to 1 km, but that the extent
of data required between 300 m and 1 km below the repository will be

determined on a site-by-site basis.



PRIORITY 11 ISSUE
[60.122(a)(9)(v)]

Subject of Comment:

60.122(a)(9)(v) "The in situ determination of the bulk geochemical
conditions, particularly the redox potential, of the host rock and

surrounding confining units."

Comment :

This statemen:t implies that the most important geochemical characteri-
zation is likely to be redox potential (or eR). First, it may not be;
pH or trace element/mineral geochemistry may be far more important.
Second, this is a very difficult measurement to make accurately under
good in situ conditions. Finally, unless the location of in situ
measurements is exceptionally clean of foreign matters (drilling mud,
oxygen, etc.), the measurement may be meaningless. More important and
practical than in situ measurement may be good laboratory work using

simulated host rock and fluids.

DATPIPOLAONILIA




PRIORITY I1 ISSUE
[60.122(b) (1) (ii)]

Subject of Comment:

60.122(b)(1)(ii) "“Except noles drilled for investigations of the geo-
logic repository, there is or has been drilling for whatever purpose

to depths below the lower limit of the accessible environment."

Comment :

This requirement is unncessarily restrictive. Borings may be separated
from the Repository by an adequate barrier or they may be sealed. The
statement should include the qualifier, "if it is probable that the

boring could adversely affect isolation and if complete sealing may

not be accomplished."

VAPPOLAONLA
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PRIORITY 11 ISSUE
[60.122(b) (2)(v)]

Subject of Comment:

60.122(b)(2)(v) "There is an area characterized by higher seismicity
than that of the surrounding region or there is an area in which there
are indications based on correlations of earthquakes with tectonic

processes and features that seismicity may increase in the future."

Comment :
This factor is not needed as special adverse condition. The seismicity
of an area will always be one of the important site selection and design

factors. The importance of seismicity will be decided on a site-by-site

basis.
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PRIORITY 11 ISSUE
[60.122(b)(3)(i)]

Subject of Comment:

60.122(5)(3)(i) "There is potential for significant changes in hydro-
logic conditions including hydraulic gradient, average pore velocity,
storativity, permeability, natural recharge, piezometric level, and
discharge jr'nts. Evaluation techniques include palechydrologic

analysis."

Comment :

What is "average pore velocity?" Also, if required at all, this section

should apply only if the change would reduce the isolating capability

of the repository.
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PRIORITY 1I ISSUE
[60.122(b) (3)(ii)]

Subject of Comment:

60.122(b)(3)(ii) "The geologic repository operations area is located
where there would be long term and short term adverse impacts associated
with the occupancy and modification of floodplains. (Executive Order
11988)."

Comment :

The intent of this condition is not clear. Apparently, it deals only
with surface facilities. It is premature at this time to rule out
underground spaces on the basis of surface hydrologic and hydraulic
conditions. Future studies may show that surface facility designs
can be changed at less cost than required to improve less suitable

underground conditions.

DAPTPPOIINTA
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PRIORITY Il 1SSUE
[60.122(c) (1) (i) (e)]

Subject of Comment:

60.122(e)(1)(ii)(ec) "Geochemical properties, such as reducing conditions
which result in low solubility or radioruclides, and near-normal pH, or

a lack of complexing agents."

Comment :
It would be preferable to state the characteristics in terms of net geo-
chemicai performance, rather than specifying which part of the redox,

pH, and complexing spectra is desirable. This could also include such

items as low leachability and mobility of radionuclides.




PRIORITY I1 ISSUE
[60.132(c)(2)(1)]

Subject of Comment:

60.132(e)(2)(i) "The Department shall demonstrate that the underground
facility includes those engineered features that are needed to limit
radioactive releases after decommissioning to levels that are as low as
reasonably achievable. The Department shall include an identification
and a comparative evaluation of alternatives to the major design fea-

tures that are provided to enhance radionuclide retardation and contain-

ment."
Comment :

As low as reasonably achievable could be stated as a goal. However,

the requirement should be related to the acceptable standard.

DAPPOLONLA



PRIORITY I1I ISSUE
(60.132(c)(2)(ii)]

Subject of Comment:
60.132(c)(2)(ii) "“The Department shall design the underground facility

such that the orientation, geometry, layout, and depth of the under-
ground excavation in addition to any engineered barriers provided as

part of the underground facility are optimized for that site. The

Department shall use as optimization criteria tae performance objectives

in Section 60.111(c)(2), (c)(3)."

Comment :

This paragraph requires that the underground facility be optimized
(presumably with respect to performance objectives, although this is
aot clear) for a given site. First, optimizarion is a normal design
function and does not need to be stated in a regulation. More
importantly, the section specifies the optimization criteria. It is
impossible for anycne to state today all of the factors that should be
considered in the design process. These factors and their relative
importance for different site conditions will be finalized during the
next few years as site investigations, designs and R&D programs are
completed. The last sentence of this section shouid be eliminated

as a minimum.




PRIO .- 11 1ISSUE
[60.:.2(e)(2) (V)]

Subject of Comment:

60.132(¢)(2)(v) "The Department shall place emphasis on multicomponent
borehole and shaft and seals and use materials that are compatible with

the rock properties and other in situ conditions."”

Comment :

Consideration should be given toward better qualification of the term
“compatible." Compatibility incorporates a spectrum of material pro-
perties, including geochemical, thermsl response, mechanical response,
and must consider host conditions, under a range of physiochemical
conditions. It is not necessary for the seal properties to be the
same as the rock for compatibility requirements to be completely
satisfied. For example, it often will be desirable for the seal mate-
rial to be more ductile/flexible than the ' sst rock so that the seal

will not crack under thermally or mechanically induced movements.
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PRIORITY II ISSUE
[60.132(c) (4) (i1)]

Subject of Comment:

60.132(¢)(4)(ii) "The Department shall design openirgs to minimize the
potential for deleterious rock movemen o~- fracturing of overlying or
surrounding rock. The Department shall optimize openi-- design, includ-
ing shape, size orientation, spacing and support materials with respect
to natural stress conditions, deformation characteristics of the host
rock under thermal loading, and the nature of weaknesses or structural

discontinuities present al the location of the opening."

Comment :

See comment to Section 60.132(ec)(2)(ii).




PRIORITY 11 ISSUE
[60.132(e)(5)]

Subject of Coument:

60.132(e)(5) Lining of subsurface excavations. "The Department shall

line subsurface excavations in areas that require:

(i) A positive control of water or gas inflow
from aquifers or other porous zones;

(ii) Support for zones of weak or fractured rock;

(iii) Anchorage for equipment or hardware."

Comment :

This paragraph would, presumably, eliminate alternate technologies

to lining, even when alternatives may prove suitable and cost effective.

In some cases, lining may be particularly undesirable. For ezample,
adequate anchorage is possible in competent rock without lining.
Further, this criteria should consider anyv consequences of lining on
sealing requirements. If the statement is required at all, it should
simply state that: "Engineered control procedures should be in any

areas that require:...."
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PRIORITY Il ISSUE
[60.132(c) (6) (i1)]

Subject of Comment:

60.132(c)(6)(ii) "The Department shali design hoists with mechanical

geared lowering devices that preclude cage free fall."

Comment :
Although the prevention of free fall is an important design goal, there

is no reason at this time to restrict the technology method for achiev~-
ing it.
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PRIORITY 11 ISSUE
[60.132(¢d)(1)(ii)])

Subject of Cotment:

€0.132(4)(1)(ii) "The Department shall coordinate the design of the
geologic rep 'tory with site characterizaton activities to assure that
boreholes necessary for site characterizaton are located at future

positions of shafts or large unexcavated pillars."

Comment :

Requiring boreholes for site characterization to be located at positions
of future shafts or pillars is desirable but too restrictive for all
cases. This restriction may cause important geologic information to

be missed during investigation. For example, (1) it may be desirable

te drill a boring away from the shaft area to further exam.-~e anomalous
conditions in a geophysical survey or (2) inclined boreholes may provide
significant geologic information but tunnels or shafts may not be con-
structed around these boreholes. 7This section could state that bore-
holes for site investigation that will not be at a shaft and will
require sealing should he minimized, and that they will be permitted
only if the Department demonstrates their need and how the seal will be

successfully placed.

In any event, it should be made clear that this section deals only
with deep boreholes that penetrate the host rock or other rocks
important to isolation. It does not necessarily apply to shallow

hydrologic boreholes.

APPDLONILIA
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Mr. L.B. Myers
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Battelle

505 King Avenue
Columbus, Ohio 43201

Dear Mr. Myers:

Some very serious hydrologic errors in the '"Technical Support Documentation
for the Siting Requirements in USNRC 10 CFR Part 60 - Disposal of

High-Level Radicactive Wastes in Geologic Repositories' overshadow all other
aspects of the document. These errors have resulted in the preparation of
an ''Advance Notice of Proposed Rulemaking'' that sets up unnecessary require-
ments and misses the essential reguirements.

It should be emphasized that this erroneous information did not come from

the regular refereed hydrologic literature. Rather, it came from inexcusable
verbage that has been allowed to creep into print in sources other than the
regular refereed hydrologic literature as referenced on page 3-6.

First let me describe the erroneous information and erroneous thought trends
in these documents:

Page 6-9 discusses ''permeability'’ values as low as 10-10cm/sec. | have
seen even lower values in non-refereed literature. First of all, if the
units are cm/sec, the correct terminology should be ''hydraulic conductivity''.
When such numbers are substituted into the flow equations at normal ground-
water gradients over very long periods of time, they can predict objectionable
radionuclide transport to the biosphere. Therefore, it appears to the uninit=-
iated that ""Regardless of host rock permeability and depth, there is sufficient
time for groundwater to peneirate the repository and return biologically
significant radionuclides to the accessible envirsnment." (Page 1-4). As a
cnsequence, groundwater containment cannct be counted on and ''Performance
studies and sensitivity analyses indicate, over the long term under reason-
able conditions, it is primarily the geochemical system that will determine
the rate of release of radionuclides to the accessible environment . . .
(Page 3-6). Because of uncertainties about the geochemical system, it is
therefore essentially impossible to prove containment. The result has been
the specification of unnecessary testing and requirements while the truly
important ones are not mentioned. Fortunately, this is completely wrong!

e~
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When there is a linear relationship between groundwater discharge and
gradient, the flow regime is said to be "Darcian''. Hydraulic conductivity is
the constant of proportionality, and the relationship is Darcy's Law. Darcy's
Law and the commonly-used tr-ansport equations apply only when the flow is
Darcian. In the case »f a nuclear repository site, the fluid flow regime will
be non-Darcian because of the low permeabilities of the host rocks. In fact,
if Darcian flow can occur in a geologic material, that material is too perme-
able for use as a repository host rock.

As mentioned, "‘hydraulic conductivity' values of 10-‘°cm/sec and smaller are
reported from studies of potential repository host rocks. |f very large time
frames are used, solution of the transport equations may predict objectionable
radionuclide transport to the biosphere even for these low values of ''hydraulic
conductivity." However, such low values of '‘hydraulic conductivity' indicate
the presence of materials sufficiently impermeable to preclude Darcian flow.
Therefore, these computations are completely without meaning. They are not
even approximations. They are totally worthless. ‘

| have read of laboratory experiments in which the ends of cores of dense
unfractured granite or salt are subjected to pressure differences of 250,000
psi. After some time, water is driven through the core. Using Darcy's law,
""wydraulic gradients'' of 10°10¢m/sec or there about are computed and reported.
Subsequently, people use such "hydraulic conductivities' under normal ground-
water gradients of say 0.001 to predict significant groundwater transport
over long periods of time. Again, this is completely wrong.

The water that passed .i -ough the core was not subject to Darcian flow. A
value of 10" '%m/sec is not Sydraulic conductivity. Because Darcy's law
does not apply, there is no linear relationship between flow and gradient.
Therefore, that number can Onlx be used at the experimental head gradient of
250,000 psi per core length. If it takes 250,000 psi differential to move
water through the core, the water is not moving through capillary cores. It
must be moving through spaces of subcapillary size and against tremendous
adsorptive force fields. Almost certainly, a large threshold gradient is
needed to move water molecules against such forces. In short, it is likely
that a rock that tests at 10" '0%cm/sec under such huge gradients will have a
zero transport rate under a field gradient of 0.001,

The other problem with the 1 boratory core is that it is likely to miss joints
and faults. Thus, for fractured impermeable rocks, the laboratory tests can
seriously underestimate transport. Fortunately, the answer to this is simple.
Before emplacement of canisters in repository cored holes, the cored holes

can be pressure tested at non-destrucséve pressures. |f a tes: results in

a ""hydraulic conductivity' of say 10™ 'Yecm/sec, two things are apparent. First,
there are no open fractures that are conducting significant amounts of

fluid. Second, the transport to the biosphere under normal field gradients over
the 1,000 year specified transport period is zero bucause the flow is
""sub=-Darcian'.
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In conclusion, the hydrology can do the containment job e = .cially for

a period as short as 1,000 years. Second, with the geochemistry as a
backup, the transport problem is tractab'e over the short design periods
now specified.

Sincerely yours,

&—wﬁ\ RL.-.'MJ‘

Irwin Remson
Professor

IR:rh

cc: Dr. R.B. Laughan
Mr. Thomas Nicholson
GRG Committee
Professor Krauskopf
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e, L. 8. Myers

Nffice of Nuclear Vaste Isolation
305 King Avenue

C:l...,s. Ohio 43201

Dear “r, i'vers:

[ am pleased to submit the following comments recardinc the fuclear
?egu1"or' Cemmissicn cocumert 10 CFR 60, Suscarts £, 5 25 nuslished in the
“ay 13 Federal Pecister. I understand these comments will be farwarded to 'C
2s an attachment to the ONvl develored review.

General Comments

The Supplementary Information developed as Sachground, Mature of the
roblem, Underiying Principles, and Considerations would appear %o adecuztely
identify the kev issues involved in the disposal of KLY, The uncerlying
censervative evaluation of repository sites is approoriate to the importance
of the prodlem, hHut should not Se so rigidly applied that reasonadly
accentable sites are eliminated without full consideration of offsetting
fevoraile factors. Predictions of future site stability for the long tern
(i.e. 10,000 years or more) will be impossible to demonstrate. Thus well
re2soned, comnetent judgement based on the geologic record of the last
millions of years sz‘ be an acceptable substitute for demonstrated future
stebility. One point not adequatiifﬁzddressed is that the risk and economics

of timely geologic storage must ulitmately be compared with the risk and
ecorenics of no geologic storage --—the alternative which could result from
the ultimate 1n conservative site evaluations.

Specific Comments
Subpart £ - Technical Criteria

*£0.2 Definitions. The definitions are acdequate and sufficient.

*60,101 Purnose. No comment.

e}L,



*60.111 Performance Objectives

(3) Retrievability - The requirement of 50 year retrievability should
not exclude backfilling - the mined areas; to do sc may place
unnecessary thermal and mechanical stress cn the repositery site.
- s the waste package requirement of radionuclide containment for
1,000 years feasible «ith current staie-of-the-art? If there is
some uncertainty in this, the specific (1,000 years) time require-
ment should be modified.

(4) Performance of the geologic stability - Reasonable assurance of
geologic stability for 10,000 years seems rezsonable and achievable.

*60,121 Site and Environs Ownership and Control - No comment.
*€0.122 Siting Requirements

(a)(2)(i) Geologic investigations completed for 2 radius of 120 km from
the repository arez is a reasonable requirement, but the level of
detail of these investigations is not specified. It is probably
best this way, with the level of detail being a judgement rather
than specified regulatory consideration.

(a)(2)(iii) A 10,000 year period for prediction of changes in natural
conditions and the perfermance of the geclogic repository is
reasonable and appropriate.

(a)(5) A ~easonable tracde-off must be made between drill hole testing

to reduce geclogic uncertainty and the intent to minimize dri11iﬁg
to preserve the integrity of the ~eservoir,

(a){2)+ Knowledge of the geologic and physical properties ¢f the repcsi-
tory host for 2 distance of 2 km from the limits of excavation is
rezsonable and prudent., A similar knowledge for depths of 1 km
below the repository excavation must either

a) admit and accept considerible uncertainty and rely largely upon
geologic judgement and geophysical measurement, or

5) provide for several drill holes within and surrounding the
repository, to depths 1 km below excavation levels.

A reasonable trade-off between the two possibilities must De
accepted and acknowledged as 2 clarification of statements within
this section.

(b)(1) Potentially adverse human activities.
[tems (i) through (vii) provide an adequate and reasgnable listing
of potentially adverse human activities.

(b){2) Potentially adverse natural conditions - geologic anc tectonic.
Items (i), (i11), (iv), (v), (vi), (vii) are reasonable anc prucent.



(b)(2)(ii) Evidence of dissolutioning, collapse, or similar features
which resulted from Pre-Quaternary geclogic processes that have
since been inact?ve, should not by itself disqualify a site.
Reasonable proof of stability during the Quaternary should be
required and adequate.

(b)(3) Potentially adverse natural conditions - hydrolegic.
(iv) Presence of a fault or fracture zone with a herizontal length
of more than a few hundreds of meters should not by itself
disqualify a site. Countless examples may be sited of fractures
tightly sealed with quartz, calcite or clays which show no evidence
of movement or fluid flow for 10's of millions of years., The
requirement as stated may be unnecessarily restrictive.

{c) Favorable characteristics.
The intent of this section is clear and reasonable. However the
degree to which many characteristics can Se measured or cemonstrated
is questionable. The entire section should be gualified by
"consistent with the state-of-the-art” and "in-so-far as possible
with acceptable drilling limitations”.

*60.122 Design Reguirements - No comment.
*60.133 Wwaste package and Emclacement Environment - No comment.

*60.134, 60.136 Missing in Federal Register??

*60.135 No comment.
*60.137 No comment.
Subpart G - Quality Assurance

*60.171 Quality Assurance Program
The need for a quality assurance program to maintain quality control
for studies and data gathering associated with siting a geclogic
repository is recognized. Nevertheless many geolegical, geophysi-
cal, geochemical and hydrologic studies are not readily amenable to
tightly specified field procedures, measurement procedures, etc.
The nature of geoscience exploration activities is that step 3
depends upon the results of steps 1 and 2, upon terrain and earth
conditions, etc. The implementation of a quality centrol program
for these activities implies substantial increases in ccst, perhaos
less data for the same buugeted expenditures, and 1ncreased delays
in receiving data and survev results. Thus I urge recognition of
the unique aspects of geoscience exploration in the aetailed
statement of the quality assurance program, and [ encourage the use
of reasoned judgement and flexibility instead of rigia specifica-
tions normally associated with quality assurance procrams.



| hose these comments are useful in your evaluation of the currant form
of 10 CRF Part 60.

Sincerely,

Aborre! P Hpas

Howard P. Ross
Geophysicist; ONWI Geclogic Review Group
Senior Geophysicist/Project Manager, ESL/UURI
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Mr. L.B. Myers

Office of Nuclear Waste Isolation
205 King Avenue

Columbus, Ohio 43201

Dear Mr. Myers:

Please find enclosed my comments on '"Nuclear Regulatory Com-
mission 10 CFR Part 60, Technical Criteria for Regulating Geologic
Disposal (of) High Level Radioactive Waste' as requested.

Sincerely yours,

Ly 7 frstins

George F. Pinder
Director
Water Resources Program

GFP:ksw
Enclosure



COMMENTS ON "Nuclear Regulatory Commission 10 CFR Part 60
Technical Criteria for Regulating Geologic

Disposal (of) High Level Radicactive Waste"
by George F. Pinder

1.0 PREAMB .
The technical aspects of the geologic disposal of high level radio-
active waste (HLW) are cosmopolitan in scope. This attribute of
the prcblem is reflected in the broad spectrum of related yet
separate topics covered in this document. In the remarks fo
follow I have elected to focus only on those elements of the
document that are within my primary area of expertise--the physical

description and analysis of mass transport in the subsurface.

2.0 GENERAL COMMENTS

2.1 "Indelible con:epts” and "golden numbers"

While the proposed document can, and indeed should, be viewed as a
preliminary statement of the Commission's position regarding the
technical criteria for regulating geclogic disposal of HLW, it is
very important to examine the most fundamental concepts presented
therein so that the more general ideas as well as the technical
details of the presentation are properly evaluated. In this spirit
1 feel one must beware of what I shall call "indelible concepts”
and "golden numbers”. Indelible concepts are those ideas introduced
early in the formulation of a problem which become irviolate as
the analysis of the problem proceeds. The inertia against change
in these concepts often arises because the evolving document is

inextricably tied to them. Thus a complete revision of the concepiual



mode] underlying the analysis would be required should they
change.

Golden numbers are simiI;r. These are numbers introduced into
an analysis without careful deliberation or scientific justifica-
tion. They are generally considered a workiry cstimate, but often
become cast in concrete as the analysis proceeds. I feel this
document contains both "indelible concepts" and "golden numbersf.

An example of an "indelible concept” is found on page 31394 of
the Federal Register Vol. 45, No. 94. There the problem of the
disposal of HLW is decomposed into five swuproblems 1) lifetime of
the repository,2) physical extent of the repository 3) waste/rock
interaction, 4) treatment of uncertainties, and 5) problems of
human intrusion. These subproblems are further subdivided into
appropriate sub-subprcolems. Fer example 1) lifetime of the
repository is broken nto a) site selection, b) construction and
emplacement of wastes, c) Post closure of the repository. The first
of these, site selection, is further broken down into two sub-sub-
subdivisions 1) site suitability criteria, II) site acceptibility
criteria. It is evident that this hierarchial structure, which
essentially dictates the fundamental form of the final criteria,
is built upon the original five subdivisions. These original sub-
di: sions, however, are selected without documented consideration
of alternatives. ‘Because of the impact each step in this problem
decomposition has on the final analysis, I feel it is imperative

that each procedural step be properly justified.



Golden numbers are at leist as insidious as "incelible concepts”
in inadvertently dictating long range decisions. Consider, for
example, page 31401. Permissible travel time to the environment
is given a lower _ound of 1000 years; the lower bound on waste
package containment. is also given to be 1000 years. The annual rate
of release from the facility is required to be no greater than
1/100,000 of the total activity present in HLW. The siting in-
vesi‘gations shall extend on the order of 100 kilometers. No
just ication or rationale is given for selecting these four numbgrs
which, in my opinion, play an important role in the final selection
of adpropriate criteria. Because the reasons for choosing these
figures are not presented, they are not subject to scrutiny

commensurate with their importance.

2.2 The Role of Models

The proposed rules recognize the irreducible residual uncertainty
inherent in forecasts of environmentally related processes. Radio-
nuclide transport is, of course, such a process. However the
concomitant deductions regarding modelling which appear to have
arisen out of this recognition warrant additional consideration.

Models, whether they be mathematical, physical or electrical,
assist the hydrclogist in predicting the behavior of hydrologic
systems under new or existing stresses. They play a particularly
important role when a system is so complex that hydrologic insight
and experience are inadequate to provide an accurate determination
of system behavior. In systems which respond very slowly one cannot

rely on observed behavior to predict the future and models are



essential in providing meaningful forecasts. The radionuclide
transport problem certainly qualifies as a candidate for modelling
when viewed from this perspective (this is consistent with the dis-
cussion of "fundamental difficulties” on page 31395).

wWhile it is evident to most hydrologists that mode’'ing is an
important tool in foreca-ting the movement of contaminants in the
subsurface, one may argue that our knowledge of the HLW disposal
site is so inadequate that such models are fraught with fundamental
irrecucib’. uncertainty. Recall, however, that a model is simply z
the physical or mathematical realization of our conceptual under-
stand}ng of the problem. In other words the accuracy of a model
is a direct reflection of the accuracy of our conceptual model.
A1l field investigations are designed to enhance our conceptual
and, by inference, mathematical (or physical) model of the system.
If the inherent uncertainty in our mathematical model is so great
as to preclude its utility as a forecasting tool then, inasmuch as
our conceptual model exhibits the same uncertainty, there is very
little hope that “"expert opinion" will provide additional insight.
One must then conclude that one of twc alternatives remain. 1) ad-
ditional field experiments or alternative investigations must be
performed to reduce the residual uncertainty or 2) the fundamental
HLW problem is not amenable to analysis in a classical scientific
or engineering sense.

It is the stated position of the Commission staff "not to require
modelling to be the primary decision tool to determine the capability
of the geclogic repository to contain and isolate wastes from the bio-

sphere”. 1 am diametrically opposed to this point of view. 1 believe



that a model (probably tut not necessacily mathematical) is an
essential element of the decision mak.ng process. It provides

the following advantages:

1) it presents, unambiguously, to the scientific community
and public at large the state of knowledge regarding
the behavior of the system

2) it provides a clearly defined focus for professional
discussions, contributions and criticisms which gradually
i1luminate our understanding of the behavior of the
proposed repcsitory site '

3) it allows us to evaluate the impact of our lack of know-
ledge on the acceptability of a particular site. The
- s1. »lest type of analysis along these lines involves
the use of ranges of parameter values in a series of
simulations

4) it is the only methodology that will prov ide meaningful
information on the time of travel of radionuc des
from the disposal site to the biosphere unde: various
breaching scenarios
5) carefully orchestrated, the model can be used to demonstrate
to public officials and the general population the probable
behavior of the repository under a reasonable range of
conditions.
In summary, I feel that a reprasentative model of any potential
site is a necessary but not suffi~ient condition for licensing.
To attempt anythiag less woild surely jeopardize the credibility

of the licensing program in the eyes of the scientific community.

3.0 SPECIFIC COMMENTS

Inasmuch as this document is now part of the public racord, I
will not point out those typographical errors which have doagedly

escaped the editorial staff. They seldom compromise the message

of the document.




Pg 31394, Co" . 3, Line 23-31: The difference between the two re-
quirements of technical cviteria is too subtle for me to pick up
on first reading. Could this be clarified?

Pg. 31394, Col. 3i Line 1b*: While I concur with the observation,
suggest some evidence to substantiate this statement is warranted.

Pg. 31295, Col. 2, Line 31: Considering geologic disposal is an
entirely new enterprise and that there will be no opportunity td
observe behavior o.er the long term it seems contradictory to rely
on expert opinion which, in turn, relies on past experience.

Pg. 31395, Col. 2, Line 9b-1b: Although I concur with the concept
~f uncertainty as a major problem with HLW repository siting, I
feel the concept of uncertainty described here misses the mark.
Perhaps it could be re-examined?

Pq. 31395, Col. 3, Line 13: The meaning of the statement regarding
the separation of temporal and spatial elements of geological
disposal eludes me. I cannot see how s'ch a separation is possible
either physically or mathematically. Moreover, were it possible,

1 fail to see how it would infiuence uncertainty.

Pq. 31396, Col. 1, vine 7b: In looking at uncertain., , I feel one
must keep in mind the final goal. Is it 1) to make the uncertainty
amenable to analysis, 2) to reduce its magnitude, 3) to evaluate
its impact? Sach objective requires a different course of action.
The comment "Such measures..." seems to confound 1) and 2) above.

Pg. 31397, Col. 2, Line 5b: The gereral discussion of modelling
appears naive. The allusion to qualitative models is inaccurate
and inappropriate. I strongly recommerd reconsideration of this
entire section (5). If I were to present all of my concerns about
this section it would require another much longer report.

Pg. 31398, Col.1, Line 14b: ™A satisfactory if imprecise margin
of safety". [ have more than a little difficulty accepting an
imprecise margin of safety as satisfactory -- perhaps you could
substitute another word for satisfactory.

* b indicates lines counted from bottom




SRS —

Pg. 31400, Col. 2, Line 14b: Calculation of transport travel times
requires transport models -- have you de facto requirec models in
your rules? The same argument can be made for items (ii) top

of page 31401, Col. 1 and elsewhere beyond this point.

Pg. 31401, Col. 2, Line 14-Line 185: I believe this list of (vi)
requirements 1s not now, nor likely to be in the foreseeable future,
within the capability of earth scientists or engineers. This
strikes me as an unreasonable wish-1ist devoid of consideration

for and of available technology.

Pqg. 3402, Col. 1, Line 12: "Storativity™ is irrelevant to problems
within this time frame.

Pqg. 31402, Col. 3, Items a)-f): Many of these items are irrelevant
misleading, or misinterpretations of the literature. I think
this section requires careful scrutiny by a qualified hydrolcgist.

Pg. 31405, Col. 2, Line Sb-5b: Why?




VANDERBILT UNIVERSITY

rvw-] NASHVILLE, TENNESSEE 37239 Tereromone (61%) 322.7311

Ensironmental and Water Resources Engineering o Direct phone 322263

June 18, 1980
RECEIVED

JUN 24 1580
LYNN B. MYERS

Gentlemen:
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Nuclear Regulatory Commission Document on
"Technical Criteria for Regulating Geologic Disposal
of High-Level Radioactive Wastes"

10 CFR-Part 60 in the Federal Register of Mav 13, 1980
pp. 31393-31408

GENERAL COPIEENTS
FRANK L. PARKER
Vanderbilt University

The document is, in manv wavs, admirable, in that it tries as best it
can to state forthrightly what the present status of knowledge is in the
field of geological disposal of radioactive wastes. However, though the
nroposed rule-making and the "Technical Support Documentation for the
Siting Requirements in 10 CFR-Part 60" (4/7/80 draft) go on for hundreds
of pages, the final result is the same generic conclusions as have been
regurgitated many times by manv other groups in many other forms. The
proposed rule-making finally concludes that expert opinion will be required
to determnine whether or not the site is suitable. Consequently, there is
no defense of the specific numbers mentioned in the proposed rules other
than generalized coments such as until the end cf the effective lives of
the fission products and bevond times which it is impossible to even hope
to determine what the human population and its characteristics are liable
to be. Therefore, it places an enormous burden on the Department of Energy
in trving to satisfv criteria which depend so much on expert testimony, when
at no place in the document is there any discussion of how expertise will be
determined and, possibly more important, who will evaluate the expert opinion
and on what basis.




While it is almost impossible in adninistrative hearing to challenge
the qualifications of the expert witness, it is irmpossible to challenge
the qualifications of the hearing authority and the basis on which the
hearing authority will be constituted. How can the public be assurred
that the best interests of the country will be fostered if the quality of
the hearing examiners and if the criteria which are of crucial importance
are left strictly to the judgement of undefined experts? Consequently,
this makes the problem of the proposing agency, The Department of Energy,
exceedingly difficult.

Equallv crucial in a determination of this sort is the degree of
confidence that the hearing authority rust have or the expert witnesses
must have that the proposed solution will be successful. Will the Nuclear
Regulatory Commission be satisfied with a 50% confidence, 90% confidence,
99% confidence, OT will it demand 100% confidence that the site will work
as planned and at what stage w.11 this confidence be demanded? The
attached figure shows the extent to which legitimate expert opinion can
differ, depending on their degree of risk-adverseness.

For exarmle, a risk-adverse person might follow only a curve that would
be essentially only the abscissa, based on forthcoming Office of Technology
Assessment Report on Radiocactive Waste lanagement. That is, he would not
have anv confidence in the success of a repository until the repository had
been in place for 10,000 years or more. At the opposite pole would be a
person who, from a cursory glance at the literature, would have 100% belief
in the success of a repository. liis curve would lie along the oydinate.

These are extreme positions. However, the two positions shown are
generalized as the envelope within which most competent geclogists, geo-

hydrologists and earth science people would find themselves. They would have
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some confidence from a survev of the literature to eliminate spots that are
unlikelv to be successful and their confidence would increase as one made |
further investigations both at the surface and below ground. The
pessimistic person (responsible pessinist) would still not have 100%
confidence even after the repository itself was closed, whereas a responsible
cptimist would believe that, after a reasonable amount of underground
exploration, he would have high confidence in the development of a
'successful' repository.

There is also insufficient discussion or acknowledgement that éach
of the individual barriers does not have to be «¢otally satisfastory in
itself, but it is the whole svstem that is of importance. While lip
service is given to the systems approach, insufficient attention is paid
to the fact that each component of the system can be the regulating step.
While one does design the barriers in depth, one would not need to have
each corponent in itself totally capable of attaining all the objectives
of the siting requirements. This is certainly not clear in the document.
One could think of the system as a series of coupled reservoirs with the
final discharge leading to the biosphere. Consequently, a holdup ‘n any
one of the reservoirs could be sufficient to reduce the concentrations to
the biosphere to acceptable limits. This is a crucial point. Consequently,
this would make possible the siting of facilities in locations which may
be so diverse that one would have better hvdrologic characteristics, one
would have better geological characteristics, one might have better man-made
barrier characteristics, and these could be tailored and should be tailored
to produce a system that gives satisfactory results.

1 agree wholeheartedly with the major emphasis that is given to in-situ

testing. Mhat is not clear is at what stage in the licensing process this
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would be required and what specific tests would have to be held and what
would be the go-no go criteria of the tests.

There seems to be no advantage taken of the INFCE studies, where in
the long run, it assumes that all the waste materials wind up in the world's
oceans. The study, therefore, concludes that one should calculate the
dosages both for the naturally-occurring radicactive elements and without
the naturallv-occurring radioactive elements, because these all would
eventuallv wind up in the world's oceans.

Equally important in such criteria is the assumption that no mitigating
measures are possible, though retreival {5, of course, indicated. There
are other mitigating measures which could be possible and which should be
evaluated. There is no discussion about the projected slow rate of releases
of contaminants from the repositories relative to the rate of release of
contaminants from reactors if accidents should occur. The enormous
differences in release rates are not documented and are not taken into
account in the analvsis of the requirements.

Finally, in the technical supnort documentation there are some outrageous
statements tucked awav in the long, drawn-out narrative. For example, page
5-32, the first full paragraph, first sentence, says '"as a minimm, a
site is presumed unsuitable if there is past evidence of dissolutioning
within the repositorv/site interaction zone. . . . What is sought are
indications of substantive dissclution as indicated by a laver of
insoluble residues.'" As the writers must be well aware, many € the salt
domes have lavers of insoluble residues on top of the dores and, frequently,
on the sides of the domes which most likelv have been left behind by
previous dissolutions. However, these lavers of insoluble residues now protect
the salt domes from further dissolution or reduce dissolution to a very slow

rate. Yet by this definition, many of the salt domes would be considered
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ineligible. 1 am sure this is not the intent of the document, but in a
document as long as this, it is very possible that many more such outrageous
statements are included.

It is also obvious that the process of site approval must be better
designed than is given in this document. As is evident in the book edited

by Lawrence Tribe, When Values Conflict, attempts toO improve benefit/cost

analvses finally result in having an open process that is well understood
and that develops the trust of all responsible people on various sides of
the issue. There is no indication here how the process would be structured
so that it would be an open and acceptable process 1o the majority of the
people involved in such a decision.

DETAILED COMMENTS
Federal Register

page 31395, item 4, the whole sentence states nfirst, geologic disposal is
an entirely new enterprise/no experience with geologic disposal.'" It may
be true that no experience exists with purposeful geologic disposal, but,
in fact, one can find in salt mines relics from the Celtic age and one can
f£ind in Pompeii and other areas items that have been disposed of in a
geologic setting which have remained inviolate over long periods of time.
One can certainly obtain some data from these instances. The data base

is not quite so© bleak as is indicated in the discussion.

Page 31396, item 3, dealing with the conservative analysis, "“"conservative
analysis because of the many uncertainties associated with high-level
radioactive waste and geological repositories," reinforces my original
comments that unless onc is prepared to state what level of confidence

one is willing to settle for, then one cannot handle these uncertainties.
In carrving out a conservative analvsis, one has to be careful that soO

many conservative assumptions are not made that eventuali; 3 less-



conservative solution is found.

Page 31397, item 4, last sentence, "it will be necessary 1o deternine the
site-acceptability question on a case-bv-case basis." Since there will be
so few sites selected, picking them on a site-by-site basis is not such a
bad idea, but more substance has to be given so that, in fact, the agency
can have some indication whether or not it would be possible to obtain

a license prior to going o0 the expense of developlag 3 full-scale
repository.

Further justification needs to be given for the basis upon whicﬁ
models are almost totally excluded except to compase ~1ites and designs.
It is not clear at all how the long-term (far future) dosages can be
determined except by the use of mathematical models. Uhile the absolute
value of the numbers certainiv cannot be taken to be very accurate, it
is ¢ fficult to see other methods that will be superior. Expert opinion
leaves the nrocess sO open ended that it is difficult to see how one can
avoid using models to bound long-term futures. The major advantage
of the models is that the assurptions must be documented, whereas expert
opinion is based upon internalized models.

Page 31399, definition of expected processes - unfortunately agencies have
frequently tried to redefine the English language. It is indicated here
that human intrusion is not to be treated as an expected process and
event. It should be soO treated. Definition of high-level radiocactive
waste should indicate that spent reactor fuel will be treated as waste if
so defined. Should follow the International Atomic Energy Agency's
definition of high-level waste.

Page 31402 () (2) (iii)(a), normally "result in a host rock with very low

water content.' This would, in effect, eliminate clay, which 1 do not
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think is the intent.
Page 31403 (4), should be some indication of the use of modular d:sign which
does show up later. (5) should also include non-propagation.
Page 31404 (2) (ii), would seem to indicate that if one wants the optirum
solution one should extract maximum amount. In fact would like to err on
the side of safety so that one would leave a larger amount of media to be
sure of providing a margin of safety. The same point is made (iv)(2),
optimizing opening design, etc.
Page 31405 (8), presupposes that commaction is the best method. One nmight
want to use material that would expand upon being wetted.

(9) (v) The reauirement of using pregrouting is not compatible with

mandating performance rather than technique.

Technical Support Documentation
Page 1-4 - Some statemets are ver: difficult to understand, since they
are pronounced ex cathedra. For exarple, in (ii), third sentence,
"regardless of the host rock permeability and depth, there is sufficient
time for grounduater to penetrate the repository and return biolegically
significant radionuclides to the accessible environment." Where is the
justification for this? One could certainly conceive of host rock
permeability such as in salt where there is not time fo. wne grow....”°T
to come through and return any material in signficant quantities 10 the
environment.
Page 1-6 - The 100 km distance certainly is an arbitrarv value. It might
Le more useful to talk about the geologic and hvdrologic regime that is of

interest rather than an arbitrarv 100 kilometers.
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Page 1-8 - The second to last sentence in the second full paragraph is a

very ‘mportant corment, and vet it receives very little attention through-

out the document.

Page 1-0, first sentence, how does one rationalize spent fuel disposal

with the indication that 'valuable subsurface resources that could encourage
sctivities relatsd to exploratior and recover‘ would eliminate sites?

(iv) would indicate that "the lack of substantive geochemical properties
to significantly retard radionuclide migration to carry with it the presumption
of site unsuitability,' seems to be overdrawn, since it is onlv one of the
retarding factors. One could easilv install man-made barriers.

Page 3-3 - second paragraph, third sentence, the "waste packages provide a
means to transport and shield the waste.'" This should indicate that waste
packages are more than that and thus provide containment as well, at least
for the short tem.

Page 3-4 - third full paragraph - "in order to reasonably demonstrate the
sufficient isolation of radicactive waste, each of the three components of
the repository svstem must contribute to:" One can see that, as mentioned
earlier, each of the components does not have to, in itself, make the site
desirable. It is the sum total that is irportant, not the individual
components.

Page 3-15 - 25 square kilometers and 10 cubic kilometers were previously
used. That does not make them ideal for all circumstances.

Page 3-21 - section 3.4.1.3. - item 2 - "each of the site corponents to
provide a margin of safety and it requires . . ." Again the same coments
about each.

Page 3-23 - item 3.4.3. - fourth line from the bottom - no definition of

*biologically significant."

- &
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page 3-24 - fourth line - "orv long travel times.' No definition.

Page 3-25 - middle of the first paragraph - ''as noted by Heckman and others,
. . . radioactive decay has not substantially reduced the hazard." Since,

at the end of the time period, the fission products are gone, the toxicity
has been substantially reduced, as a matter of fact, by four or five orders
of magnitude. |

Page 2-20 - tirst £ull paragranh - it is very important item and vet it is
relegated to the rear. It should te emphasized up front that ''this obiective
through different combinations of site parameters."

Page 4-2 - second paragraph - iten 3 - verification. Does not indicate

over what period; how it should be done or whether one can do a retrospective
type verification in trying to fit the models to natural phenomena that have
already occurred.

Page 4-7 - item 3 - should indicate that hvdraulic recharge and discharge
areas are also critical areas.

Page 4-51 - last complete sentence - males no sense whatsoever when it

says ''as such there may be too man factors to pemit use of modeling."

That is the reason why one does nodeling because there are so many Sctors
that one cannot do a simple hand calculation or determine the outcome
intuitively.

Page 4-55 - last full sentence - indicates that the near jield is far more
important than the far field, because it might be possible to short circuit
through the far field by changes in the near field. This s an area that
needs further development by the Departnent of Energy. It should be noted
that, in spite of any short circuiting in the near field, there may be
sufficient latitude in the far field to absorb short circuiting in the near

field. If that is so, it should be stated very explicitly.
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Page 4-62 - item 4.5.2.4. - second and third sentences - ignores the work
done in Sweden and elsewhere on near field tests to measure the flow of
nuclides.
ps~ 5-3 - item 8 - the final sentence in the first paragraph is very
important. Yet in no place does this report say what is the range of latitude
in adverse conditions that is acceptable. It needs to be spelled out in

verv great detail, and yet it is not.

Page 5-6 - last £ul11 sentence in the first paragraph - the erphiasis seems

to be on this "little influence on all the performance objectives." Since
it was previously indicated that if the process is rate-limited in a number
of the performance objectives, then it is not necessary to show that all of
them linit the dose.

Page 5-11 - first paragraph - it is not indicated who will resolve at an
early time the definition of "acceptable rick." 1 agree that it is vitally
irportant but there is nothing indicated here as to how it will be
resolved.

Page 5-25 - section §.2.1.3. - needs to indicate that site is unsuitable if
the influences on groundwater are adverse.

Page 6-1 - end of page - needs to indicate volume of water flowing is important,
as well as velocity.

Page 6-5 - first line - wrequired favoral .e . . ." seems incompatible.

Page G-6 - last line - same comment.

Page 6-20 - first full sentence - not ndose significant" only accessible.

June 18, 1980
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Qffice of iwclear maste Isolation
505 King Averue

Columbus, Ohio 43201

Dear Mr. Myers:

COMMENTS ON NUCLEAR REGULATORY COMMISSTON
ADVANCE NOTICE OF PROPOSED RULEMAKING.
Technical Criteria for Regulating Geclogic
Disposal High-Level Radicactive Waste
I0CFR8Q (Subparts E-1)

These comments concerning the technical criteria for regulating geologic
disposal of nigh-level radicactive waste are made in response to a letter from
Or. W. A. Carbiener of ONwl dated May 27, with which were enclosed copies of the
May 13 Federal Register and background information from the USNRC Public Document
Room.

The latter information on "Technical Support Oocumentation for the
Siting Requirements in USNRC 10CFR Part 60: Disposal of High-Level Radiocactive
Waste in Geologic Repositories", proved to be of particular assistance, and
includes a commencably useful list of references.

The treatment of this question in the Federal Register both in the
Supplementary Information and in Subpart E is very uneven, reflecting probably
the current state of knowledge. However, a more systematic presentation would
likely lead to a clearer identification of the problems, and specifications of
the criteria.

For exaaple, under the heading "Nature of the Probiem" five distinct areas
are identified, namely, (1) Lifatime of the Repository, (2) Physicai Extent, (3)
waste/Rock Interaction, (4) Treatment of Uncertainties and (3) numar_Intrusions.
Altnough these probiems are mportant, they do not seem tO def ine sry hierarchical
system.

. continued .
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It has seemed to me always that the foremost motivation for geolegic

s‘g325al is that it makes radicactive wastes much ‘ess accessible to human
i-zicn and less susceptanle to meteorological and z20logic changes in the long-term,
=-27 can be envisaged for 2ny form of near surface storage. If this is sg, the
~zx= =03t important question is: Do there exist rccks at convenient depths and
ufficient extent within wnhich it is practicable to develep a repository of &
3.1 size? Is tnis question not more pertinent than the discussion on page
17332 under (2) Pnysical Extens? If rocks within which a useful repository
. C be developed exist, 15 tne next question nct: Do such rocks exist within
i23ic and nycrologic sestings likely to provide assurance of tne safetly and
ility of a repository, in both tne short- anc the long-term, 2nd of the
ation of radicactive wastes witnin it? Provided that these twd questions

b2 answered in the aff irmative, and to date there does not apoear to be any
.iZence that tney cannot, the next level of detail such as nas:e/;pcx interactions

tne methods by which the performance of a repository can De predicteg and

Jred¢, must be examinec.
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The discussion under Considerations, starting on page 31336, includes

i=g=s wnich can be commended and otners which can be criticized. As examples, a
¢comaendable statement is “The two most important attributes of the natural
tirrier are that the site should be geologically simple and stable so that the
site can be easily understood ...". On tne other hand, 2 statement which can

sz ¢criticized is "... wnether the geclogic setting at a particular site can
14411 the stated purpose of the geologic barrier relies funcamentally on tne
ctive power of the particular transport mode)l appropriate to that site”.
=t, the transport model may be quite correct but the field data useg in it
easily be totally inadeguate.

’
"
O e

Finally, the statement that "The lack of empirical gata on the performance
ri;ineerec barriers or tne inability to obtain credible data may preclude the
ve lopment of use of credidble quantitative models in the shcwing that either
e uncertainties are addressec properly in the performance standards or the
rformance standards are met in a particular licensing action." is both clumsy
¢ confusing. The facts are thzt engineered barriers can be based on geologic
analogs, the behavior of wnich over long periods of time is known and the properties
o which have been, or can be, understood well. Such engineered barriers have
2"1 the long-term advantages of geologic media but their properties can be
ungarstood, determined and controlled for use in achieving assured performance
0* 3 repository.

m W

The discussion and examples above indicate thzt the answer to Question 1 on
2 31398 is “No, the list of considerations does not clearly, acequately and

'y identify the relevant issues involved in disposal of HLW.".

Turning now to Subpart E, itself, at least tw> of the definitions may
122= =0 confusion. First, " 'Stability' - means the rate of natural processes
:facting the site during the recent geologic past are relatively low and will
~:t significantly cnange during the next 10,000 years". This is neither 2

. continued
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rigerous nor precise statement. Second " 'Underground Facility' - means

the civil engineered structure, including backfill raterials, but not inciuding
seals (emphasis added) in which waste is emplacec"; in some rocks backtills ang
seals may have to be synonymous.

Under the headings of Performance objectives, Site and environs ownersnip &nd
control and Sitina reguirements, the Department Of tnergy 1S cirected 1o proviae
z number ¢f assurances. An important omission seems to exist in that it is not
always staztec when the Department is to provide these assurances in relation to
repository design, developmant and licensing, how they are ic "e provided nor
how they are to be used. In fact, many of these assurances wil®l have to be a
function of the development of the repository, because the data needed 1o provide
tnem will pecome available only as the repository is excavated and observations
and tests are made underground.

In practice, the selection of a potentially suitable site, the characterization
of such a site by surface exploration and, if favorable, further by underground
exploration, followed by repository development and sealing is most likely to
proceed by a process of elimination. Initially, a number of sites that seem to
be potentially suitable as hosts for a repository will be selected, as directed
in the Message from the President. Only those, or that, site which undergoes
the whole sequence of sitg screening, characterization, testing and developmant
without revealing any features wnich disqualify it from providing reasonable
assurance that a repository constructed within it will provice isolation of
radioactive wastes from the biopshere is likely to be used.

With a few reservaticns noted below, the discussion under the heading Design
requirements is probably the best section of Subpart E. Possidbly, the reason
Tor tnis 1s that it is closest in character to questions for wnich precedents
exist in licensing of reactors. Tne first reservation concerns Compliance with
mining requlations; a repository is not a mine. To "design and construct” a
repository "to comply" with "all appTicable Federal and State mining regulations”
may not resu't in the best repository. Certainly, they should be applied where
benef icial ard this is likely to be the case in the underground operations but
not applied .discriminately elsewhere. Items 7 and 8 under this heading are
very importa t; sufficiently so to warrant a separate discussion.

Items [2] Construction and mapping records and [3] Retention of cores and logs
on page 31406 and other vitaily important data are identified but no mention 1§
made of how this information should be adduced to confirm or reject the suitability
of a site. Such information must be collected, anaiyzed and adduced on a
continuing basis throughout the development of any repcsitory.

Under General design requirements for subsurface operation a highly significant
statement concerning the design of & repository in modules is made. This

. continued
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concest should not be limited to repositories where concurrent excavaticn anc
amplacement of wastes are planned; it is not unlikely that even a suitable
repository site will not be uniformly satisfactory ‘n its properties. Idodular
design ennances greatly tne opportunity for using tnose parts of a site wnich
are suitaole, without jeopardizing them by including parts found to be less than
completely suitable.

In conclusion it is suggested that a systematic, hierarchical approach to the
establishment of geclogic waste repositories is likely to facilitate tne
development of defensible regulatory criteria, including those of a specific
nature, and that it is important to recognize that the estaplishment of 2
repository is likely to be a continuing process of selection based on the
absence of any features which would disqualify a site or the repository within
it, from providing reasonable assurance that radiocactive wastes will be isolated
from the biopsnere adequately.

Yours sincerely,
Neutie & 6/ A,

Neville G. w. Cook
Member ONWI Earth Science Review Group

NGno/em



Department of Geclogical Sciences

Cornell University
[thaca, New York 14853

Mz, L.B. Myers
Office of Nuclear Waste Isolation

Battelle
505 King Ave.
Columbus, Ohio 43201 26 June 1980

Dear Mr. Myers,

Enclosed are my comments on 10CFR60, sub-parts E-1. I apologize
for being tardy with this. My schedule during the past six weeks has
been so crowded that I simply have not had enough time to get everything
completed in time. I have very carefully s+®udied this document, and
chose to be late rather than do a hasty job eof it. I have sent copies
of these comments to the other nmembers of the Earth Science Raview Panel,
and to Dr. Carbienier.

{ Sin ere{§ vours,
/

&t (ﬁ/r’,«. ‘

John M. Bird
Professor of Geology
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COMMENTS ON THE NUCLEAR RESGULATORY COXMISSION DOCWMENT 10CFR60, TECHNICAL

CRITERIA FOR REGULATING GEQLOGIC DISPOSAL HIGH-LEVEL RADIOACTIVE WASTE, IX

THE FEDERAL REGISTER OF 13 MAY 1980, PAGES 31393-31408.

JOHN M. BIRD
CORNELL UNIVERSITY

ITHACA, N.Y. 14853

GENERAL COMMENTS

Concern about the safe disposal of radicactive waste has led to the
general agreement that high-level wastes might best be buried within rocks
of the Earth's crust. This consensus is founded on the knowledge that
geologic features can be very old, and that a mined repository could be
essentially permanment and isolated from the biosphere dgring the time
required for isolation of the radioactive wastes. Essentially, two main
barriers are provided by geologic disposal, containment of the waste in
a waste~-form and "'package" that can be very resistant to leaching, and
utilization of rocks, that because of their composition, geometry, and
age, could prevent or retard possible migration, via grouand water, of
the radiocactive elements to the biosphere. The various proposals for
geologic waste-disposal utilize our knmowledge of the behavior of rocks
and geologic processes, and our ability te determine the amounts of time
during which many various rocks and geologic features in the Earth's
crust have persisted.

For many centuries mankind has extracted geological materials from
the Earth. Today, we have a highly developed knowledge and technology of

mining, and exploration for useful rocks and minerals. Ia fact, the



basis for industrial economics is mineral and fuel extraction from the
crust of the Earth. Geologic disposal of radiocactive waste involves
oining practice, however, with a very significant difference. What is
desired, the opposite of a mine, is to put radicactive waste to the
Earth so as to completely isolate it from the biosphere for times
sufficient to ensure complete safety. -Unfottunately, the magnitude

and difficulty of this task have been underustimated until a few years
age. Now the magnitude and difficulty are being overestimated, and
confused, in the context of the geologic aspects of the task. It is
known that many of the various ore bodies ;nd other rock resources

2ined by humans are hundreds, even thousands of millions of years old.

A very sophisticated technology exists for'dacing these rocks, and a
great deal is known about how these rocks have formed and persisted
during geologic tize. We know a great deal about how to extract mineral
resources. What we want to know now is how to return something into the
Earth so that it stays there. Therefore, it is my view that, essentially,
we must utilize all those aspects of rocks, minerals, and geologic
processes that produce "permanent" geologic assemblages, for the design
and construction of a geologic repository. Rather than "fight" the

geologic environmeat by constructing an "unnatural" repository that would
inexorably be altered by geologic processes, we must construct a repository
of materials and within sites that can be demonstrated will remain in
geologic "equilibrium" at depth, for a time sufficient to insure complete_
isolation and immobilization of the waste. Appropriate rocks, analogs

of rocks and minerals, and geclogic processes can be incorporated ia the

design and construction in ways that enhance our confidence in the safety

and permanence of the repository. For example, the heat generated by the



radicactive waste can be used to drive mineralogic reactions that further
seal the host-rocks and retard water-nmigration; waste cannisters can be
made of analogs of natural rocks and minerals having properties that
provide great inertness and strength. My view is that the underlying
philosophy for geologic disposal of radioactive waste should be to
utilize all the various geologic materials and processes that lead to

chemical stability and permanence as can be demonstrated in natural

geologic examples. In a sense, geologic disposal of radiocactive waste
is the reverse of mining. Certainly there is nothing "new" about mining.
However, what we are attempting is to crea&e a long-lasting geologic
feature rather than consuming one. The difficulty and magnitude of the
task can, I believe, be constrained and well-defined by existing geologic
knowledge. Our confidence in our ability to do so, and our confidence in
resulting repository designs, will be based on our understanding of
geology and geologic time rather than "expert” opinioms. It is not enough
to satisfy a select group of experts that the design is viable and safe.
Although the rer.sitory must be evaluated and demonstrated to be safe in
the mcst rigorous ways by our most capable minde, it must also be under-
standable and acceptable to all concerned. We should be able to explain
and predict the behavior of the geologic repository in terms similar to
those used to explain a 150 million-year-old dinosaur skeleton to a
nuseum visitor.

It is with these views that I have studied 10CFR6Q,E-1; I have
concentrated on those parts that are within my expertise, geology.
This is in many ways a very good document. It provides a great deal
of information about various aspects of the endeavor, and tasks that

must be completed. However, I find that appreciation of the geologic



aspects of the task is, in places confused or lacking. The document
fairly states what the objectives are; however, it does not provide much
evidence of a basic understanding of geologic materials and processes,
and the opportunities for utilizing this knowledge to enhance the
permanence and safet; of a mined repository. Rather, the document
reilects a lack of confidence and understanding in detail of the geologic

aspects of Geologic Disposal.

SPECIFIC COMMENTS

P. 31394, Nature of the Problem, lst paragrach. It is not clear how these

"five distinct problem areas”, lifetime of the repository, physical extent,
waste/rock interaction, treatment of uncertainties, and human intrusiomns,
supercede other, more fundamental questions pertinent to regulation of
geologic disposal. Although they are important, there are other questions
of equal or greater importance, eg. tne validitycbf the basic premises of
geologic aisposal, the existence of appropriate sites, rocks, and limited
hydrologic conditions. Also, it can be argued that onme or two larg
repositories present problems that could be avoided by cons£ructing many
small repositories. As more waste is conceantrated into a single site,

the potential dangers increase significantly. A.E. Ringwood (pers. commz.
and pre-print, April, 1980) has argued that deep-drill-hole burial in
many sites has significant advantages. Has it been shown that large
repositories at a few sites are preferable to many small and therefore

dispersed, deep repositories?

P. 31395, no. 3, waste/rock interaction. "The chemical and thermal

properties of the wastes undoubtedly will have a significant interaction

with the rock unit into which they are emplaced”. Although significant



heat would be generated by the waste, and would affect the surrounding

rock, the statement implies that chemical reactions also would take place
between the waste and the rock. One would certainly hope not! The
technology exists to matrix the waste in extremely inert materials and

to encapsulate the waste-matrix material in containers and overpacks

that constitute a package that would prevent chemical reactions between
the waste and host-rock. The matrix material and container can be
constructed of analogs of minerals and rocks that are extremely inert,
resistant to leaching, and of very high mechanical strength. Their
behavior in repository conditions can be p;edicted from exanples in the

geologic record.

P. 31395, no. 4, Treatment of uncertainties. The statement, "First

geologic disposal is an entirely new enterprise -— no experience exists
with geologic disposal" is misleading. The endedvor of geologic disposal
of radicactive waste is not comparable in difficulty, for example, to
landing on the moon. A great deal of experience and technology already
exist to facilitate the task. What we want to do is, in a sense, the
reverse of mining. What we want to have is great confidence in the
permanence and safety of the resulting construction. Also, in the next
sentence, '"based upon observations of the past" does not make sense.

What is intended, I believe, is — based on observations and interpretations
of the geoclogic record. The discussion of uncertaizty is rather complex
and confusing. I would argue that a large numbei of "geologic and 3
hydrologic elements" in itself does not always lead toc compounding
uncertainty. Would one argue that a detailed map of the rivers of the

U.S. is uncertain? We must specify scales when considering uncertainties



in geologic features or processes. Also, the last sentence is certainly
wrong. How is it possible to argue that tezmporal and spatial relations
are "separable aspects" of geologic disposal? This sentence supports
my earlier view that the document is in places lacking in geologic

understanding.

P. 31395. no. 5, Human intrusions. '"The only logical recourse, since

engineering against human intrusion is impossible practically, is to
avoid targets, i.e. sites which may invite such intrusion". If significant
amounts of spent fuel are put into a geologic repository, an ore body has

been created. 2

P. 31396, considerations, (1) systems aporoach. The concept of "natural

and engineered barriers' has led to considerable problems in assessing
geologic disposal schemes. I consider this section to be one of the best
examples in 10CFR part 60 of a lack of basic understanidng about the
geologic aspects of geologic disposal. If one argues that all of the
components of the repository must be made of geologic materials or analcgs
of geologic materials, including the waste package, then "engineered
barriers" are not something comprised of an artificial material for which
there is no analog to be studied in the geologic record. In other words,
much of the discussion in this section is based on the view that the
repository will contain parts made of artificial materials that will
change or fail during the lifetime of the repository. It is stated that =
"The state-of-the-art in the Earth sciences is such that all of the
uncertainties associated with these functions can not be resolved through
consideration of the geologic setting”. This is not so. The Earth

sciences- can explain in great detail how rocks billicns of years old



formed and have existeu to the present. Given a specific geologic site,
many combinations of "engineered barriers” comprised of analogs of
geologic materials can he compared and selected in designs to reduce

or eliminate uncertainties about the perfcrmance of the repository.

The statement -- "Engineering can be used to marrow the extent of
geologic processes which need to be considered in the rule making and
licensing processes; that is, engineering can be used to bound and/or
diminish the importance of certain geologic processes” =—- does not make
much sense. Essentially, this is a philos?phy that one "fights" the
geologic features. I would argue that the repository must utilize the
geology and be comprised of geclogic materials of known properties.and
behavior under the conditions that would prevail in the geologic setting.
Finally, the statement -- "Similarly, to the greatest extent possible,
the performance of the engineered systems should -be insensitive to changes
in those characteristics and should provide a high degree cof protection
by themselves" reflects a lack of understanding about the possibility of
introducing ingredients into the repository/waste package tunat in
anticipation of changes such as inflow of water, would be sensitive to
the change and react in such a way as to couanter the adverse event.

Many such analogs of rock/mineral systems could be "engineered" fiom

cur understanding of geologic environments and processes. These possible
ingredients for specific sites and anticipated processes need to be
studied in detail. They promise to greatly increase our confidence .

about the behavior of a repository during its lifetime.

P. 31397, no. 3, The nature of the major regulatorv elements. "The two

most important attributes of the natural barrier are that the site should



be geologically simple and stable so that the site can be easily understoed

and so that there can be confidence that the ability of the site to contain
and isolate tae wastes will remain viable for long times". I would ask
what constitutes "simple and stable". For example, basalt is not a
"simple" rock in terms of its composition. What coastitutes stability,

eg. tectonic stability, chemical stability, thermal stability, and to

what limits? In the second paragraph, —— 'their insensitivity to any
changes ia the site characteristics so that there can be confidence in

the predictability of their performance over time"; this requirement is
wrong. It can be argued that ome can engi;eer a "barrier" that would be
sensitive to a change, and would react so as to counter deleterious’ effects
of the change. For example, an overpack containing MgO would react with
entering water to produce brucite, Hg(OH)Z. The reaction has a significant

volume increase »nd could tend to seal the water pathways and counter the

further encroachment of water.

P. 31397, no. 5, Codification of models in licensing process. The first

sentence of the second paragraph is too complex. Also, as stated in the
next sentence, I am not sure that it is a fact. However, the point that
we should not rely solely on quantitative calculations and assessments in
developing technical criteria, or l.censing, is very important. It is
well known that geologic features and processes have many variables.
Attempts at quantification can lead to a great deal of effort to solve

what might be relatively unimportant or ancillary questions.

P. 31398, 1st column, 17 lines from bottom, — a satisfactory if imprecise

margin of safety for site characteristics and engineering design can be
realized". What is an imprecise margin of safety? I do not think it

would be satisfactory.



P. 31398, Questions (1). My view, from the preceding is no, the list of

considerations does not clearly, adequately and fully identify the

relevant issues involved in the disposal of high-level wastes.

P. 31399, Sub-part E, Technical Criteria, definitions. "'Expected

processes or events' - means those natural processes or events that are
likely to degrade the engineered elements of the geologic repository
during a given period after decommissioning." %Yow are these processes
or events distinguished as baing deleterious? Some might improve an

"engineered" barrier, as discussed earlier.

P. 31399, 2nd column, overpack. =- "any additional receptable (sic),

wrapper, box or other structure" -- I would suggest adding material to

tte list because a component of the overpack might not be only structural.

P. 31399, 3:d column, stabilitv. The d-finition-is too imprecise, and

does not make clear the distinction between rate o. natural processes
versus events of short duration during the specified period of the npext

10,000 years.

P. 31399, 3rd column, underground facility. Seals might be made of

geclogic materials and be part of the engineered structure.

P, 31400, Siting requirements, (a) general requirements. It is not clear

what -- "not so complex" means. For example, the tectonics of salt domes
can be very complex and the petrology of the rock salt relatively simple.-
The tectonics of plateau basalts is relatively simple whereas the petrology
of the basalt is quite complex. This is an important requirement and its

intentions must be made quite clear. Under (2) —— "The natural conditions

o BT T



include geologic, tectonic, hydrologic and climatic process”. "Tectonic”
and "hydrologic" are part of the geology of a site and should not be
distinguished as separate "patural conditioms". 1Im (i) following, on
what basis was 100 kms selected. The list of objectives of understanding
the geology and climate of a site preclude specifying such a distance
before~hand. This distance would have to be evaluated on a site-by-site
basis.

P. 31401, 1lst column, (8). Under (ii) — have not been exploited but are

-
exploitable under present technology and market conditioas”. This is an

important task. However, it is not clear why, in terms of the desire to
understand the possibilities of human intrusion, why the resources would
be estimated using present market conditions. For example, one hundred
years ago, a large copper ore body became uneconomic if the grade of the

ore went below approximately 14%X. Today, such an ore body would be valuable.

P. 31401, 2nd column, (i)-(vi). At what level would all of these questions

and tasks be resolved? I very much doubt that all of the fractures, for
exanple, at a given site could be recorded; how would the "bulk geomechanical
properties'" be recorded, and at what level of detail, etc? These topics

constitute a list of things that, from a geologic point of view, could

pever be "satisfied" beyond some level of accuracy and description. To
present such a list in the way it is here again reflects a lack of
judgement and understanding of geoleogic features, processes, and the ways.

they are studied.

P. 31401, 3rd column, (1)-(iii). Present market conditions should not be

used, as discussed previously.



P. 31401, 3rd colu=mn, (2)-(ii). "There is evidence of dissolutioning,

such as karst features, breccia pipes, or imsoluble residues”. Many
breccia pipes are nct the result of "dissolutioning”, such as diatremes.
Many sedimentary rocks contain evidence of dissolutioning, such as
styolites in limestone, and clay mineral segregatioms in rock salt.
These features would not necessarily be potentially adverse natural
conditions in a site. Also, under (iv) what amount of activity of the
fault would be serious? It can be argued that all fazults are active,
even very ancient and "inactive' ones, because of tidal forces and plate
movement. It is very important that (i) t;rough (vii) be re-written and
very carefully considered. These statements are based on the premise
that any geologic "activity" would be detrimental to the site. One can

argue that the converse might be true in the context of using geologic

processes to enhance the repository design!

P. 31402, (4) Potentiallvy adverse natural conditions -- geochemical,

following to design reguirements. This section is confusing and imprecise.

It reflects a lack of understanding of potential bemefits of ground water
on sealing certain kinds of rock. Although it is true that waste-generated
heat would tend to increase water flow, it is also possible that such an
effect might be utilized to drive mineralogic reactions that would seal
fractures and effectively prevent the water from reaching the waste
package. This section reflects the general assumption that water in

the repository site is always an adverse condition. We are not yet sure

that this is so.

P. 31402, Design reguirements. I do not have significant comments on this

section., I found it to be clear and well thought-out, and the best part

of the 10CFR60 document.



