
Comment No. 611: U.S. DOE (48)

10 CFR 60.132(g)(6)

NRC Proposed Wording:

"If linings are required, the contact between the lining and the rock surround-
ing subsurface excavations shall be designed so as to avoid the creation of any
preferential pathway for groundwater or radionuclide migration."

Recommended Revision:

Change "avoid the" to "minimize the potential for".

Rationale:

It may be impossible in a practical sense to "avoid" the contact being a pre-
ferential pathway. At the time of decommissioning, isolation will be estab-
lished by the sealing system covered in section 60.133.

Staff Response to Comment No. 611:

See staff response to Comment No. 606.

Comment No. 612: U.S. DOE (48)

10 CFR 60.132(h)(2)

NRC Proposed Wording:

"Permit continuous occupancy of all excavated areas during normal operations
through the time of permanent closure;"

Recommended Revision:

"Permit continuous occupancy of all open and operationally active areas ...

Rationale:

There is no obvious personnel or nuclear safety basis for this requirement. An
emplacement room that has been filled can be sealed off from the repository by
doors and the ventilation to that room dampered off with no safety consequences.
This requirement would needlessly preclude backfilling of emplacement rooms
prior to repository decommissioning and would also not allow for monitoring of
backfilled areas as part of the performance confirmation program.

Staff Response to Comment No. 612:

The requirement has been deleted. See Overview, Section-by-Section Analysis.
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Comment No. 613: C. Walske, Atomic Industrial Forum (50)

Item 60.132(h)(2) - It should not be required to ventilate all excavated areas
through the time of permanent closure. Many areas will be closed to personnel
or backfilled. This requirement if retained would impose an enormous load on
the ventilation system and would require the sinking of additional vent shafts.
This item should be deleted.

Staff Response to Comment No. 613:

The requirement has been deleted. See Overview, Section-by-Section Analysis.

Comment No. 614: C. St. John, Applied Mechanics, Inc. (60)

Under §60.132 the following statements appear:

(h) Subsurface Ventilation: The Ventilation system shall be designed
to:

(2) Permit continuous occupancy of all excavated areas during
normal operations through the time of permanent closure.

The implication is that all excavations would have to be ventilated sufficiently
that free access would be practical at any time during the repository construc-
tion or operation. Even preliminary calculations of the total volume of air
required to meet this condition suggest that there would be serious practical
implications if this condition had to be satisfied.

Large quantities of ventilating air would be required to provide even minimal
conditions in every emplacement room or corridor. This could be provided by
recirculating air within a panel, but such practice might not be considered
acceptable if the primary function of the subsurface ventilation is to control
the transport of radioactive particulates and gases. The alternative of pro-
viding "fresh" air to all openings would necessitate the use of very large
diameter shafts and ventilation corridors., if the air velocity is to be kept
within a normally accepted range. Excavating of such large openings would be
inconsistent with minimizing the disturbance of the host rock mass within
which the repository is sited.

Quite apart from the practical problems of ventilating all openings, it is not
clear that ventilation of emplacement rooms would be of any practical benefit.
It is inconceivable that instant access to any emplacement room would be
required or that a period of up to a few days to reventilate and cool an
emplacement room would be unacceptable. If "as required" ventilation was
considered acceptable then the ventilation system could be designed to have
sufficient capacity to permit simultaneous occupancy of several but not all
emplacement rooms.

Based on these comments I recommend that the sentence I quoted be amended to
read:
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Permit continuous occupancy of all parts of the repository in which
development or waste handling is active and selected portions of the
repository already prepared for waste emplacement or in which waste
emplacement activities have been completed.

Alternatively, the term normal operations could be clarified.

Staff Response to Comment No. 614:

The requirement has been deleted. See Overview, Section-by-Section Analysis.

Comment No. 615: C. WalsKe, Atomic Industrial Forum (50)

Item 60.132(h)(4) - The requirement for redundant and fail safe features of
the subsurface ventilation system should be determined on a case-by-case basis
based on "important to safety." For example, under emergency conditions, air
packs may provide an adequate backup to a non-redundant ventilation system in
the event of system failure.

Staff Response to Comment No. 615:

The requirement has been deleted. See Overview, Section-by-Section Analysis.

Comment No. 616: C. Walske, Atomic Industrial Forum (50)

Item 60.132(i) - This section on engineered barriers should be deleted. Sub-
paragraphs (1), (3)(i), and (3)(ii) should be covered by a new performance
objective added to 60.111 (see proposed Item 60.111(4)). Subparagraph (2) is
adequately covered in 60.135. Subparagraph(3)(iii) is unnecessary since this
requirement must be met to fulfill the backfill functional requirements
specified in the new performance objective of 60.111.

Staff Response to Comment No. 616:

The section on engineered barriers has been substantially shortened. See

Overview, Section-by-Section Analysis.

Comment No. 617: U.S. DOE (48)

10 CFR 60.132(i)(2)

NRC Proposed Wording:

Barriers shall create a waste package environment which favorably controls
chemical reactions affecting the performance of the waste package.
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Recommended Revision:

Relocate to section 60.135 and revise to: "Backfill shall, to the extent
possible, assist in creating a waste package environment ...

Rationale:

Barriers (backfill) alone can alter the chemical environment only to a degree,
e.g., backfill cannot absorb al1 the oxygen that was introduced during the
operational phase.

Staff Response to Comment No. 617:

The section on engineered barriers has been substantially shortened. See Over-

view, Section-by-Section Analysis.

Comment No. 618: U.S. DOE (48)

10 CFR 60.132(i)(3)

NRC Proposed Wording:

"Backfill placed in the underground facility shall be designed as a barrier.

(i) Backfill placed in the underground facility shall perform its func-
tions assuming anticipated changes in the geologic setting.

(ii) Backfill placed in the underground facility shall serve the follow-
ing functions:

(a) It shall provide a barrier to groundwater movement into and
from the underground facility,

(b) It shall reduce creep deformation of the host rock that may
adversely affect (1) waste package performance or (2) the local
hydrological system,

(c) It shall reduce and control groundwater movement within the
underground facility,

(d) It shall retard radionuclide migration.

(iii) Backfill placed in the underground facility shall be selected to
allow for adequate placement and compaction in underground openings."

Recommended Revisions:

Relocate to section 60.133 and revise as follows: Backfill placed in the
underground facility shall:
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(i) Perform its functions assuming anticipated changes in the geologic
setting.

(ii) Serve one, or more, of the following functions as appropriate:

(a) Provide a barrier to groundwater movement into and from the
underground facility,

(b) Reduce creep deformation of the host rock that may adversely
affect (1) waste package performance or (2) the local
hydrological system.

(c) Reduce and control groundwater movement within the underground
facility,

(d) Retard radionuclide migration.

(iii) Be selected to allow for adequate placement in underground openings.

Rationale:

This is an excessive requirement. Requiring all backfill in the repository to
serve all possible functions of backfill is probably not possible and is cer-
tainly not necessary. Backfill at each location in the repository will be
selected to perform a specific set of design functions which is not necessarily
the same as for backfill at some other location. Backfill that is part of the
waste package may be designed to keep groundwater from reaching the canister,
backfill in the emplacement rooms may be designed for support, and tunnel back-
fill may be designed to inhibit radionuclide migration. Backfill that is a
"jack of all trades" will probably be a "master of none".

Staff Response to Comment No. 618:

The section on engineered barriers has been substantially shortened. See

Overview, Section-by-Section Analysis.

Comment No. 619: National Radiological Protection Board, UK (29)

The proposed rule requires that the backfill shall serve a number of functions
(Section 60.132 (i), (3), (ii), P. 35293), without specifying the degree of
effectiveness required. It seems unlikely that any backfill material could
perform all of these functions effectively. The objective should be to choose
a material with the optimum combination of properties.

Staff Response to Comment No. 619:

The section on engineered barriers has been substantially shortened. See

Overview, Section-by-Section Analysis.
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Comment No. 620: C. Walske, Atomic Industrial Forum (50)

Item 60.132(j)(1) - This paragraph calls for "positive, fail-safe designs."
These issues can only be addressed on a site specific and design specific
basis. Therefore we recommend that the words "to have positive, fail-safe
designs" be deleted, and specific criteria be developed in Regulatory Guides.

Staff Response to Comment No. 620:

See Overview, Section-by-Section Analysis.

Comment No. 621: C. Walske, Atomic Industrial Forum (50)

Item 60.132(k)(2) - This item should be deleted since the items are adequately
covered by 60.132(k)(1). Also, Item 60.132(k)(2)(iii) makes no sense. What
will cause the temperature in the repository to cycle?

Staff Response to Comment No. 621:

Paragraph 60.132(k)(2) has been deleted and 60.132(k)(1) has been revised.

See Overview, Section-by-Section Analysis.

Comment No. 622: V. McIntyre (35)

60 132 (d) See earlier comment on retrievability (60.111 (a)(2)). I am opposed
to the concept. If things are that bad you'll retrieve waste regardless of
the cost.

60. 132 (g) (1) What's service water?

60.132 (g) (5) It is not always necessary to provide the capability to cut
off water in advance of an excavation. This requirement should be dropped.

60.132 (h)(5) (i) (1) This is a fancy requirement that says the shaft should
be sealed.

60.132 (h) (5) (3) (ii) This requirement is too restrictive. For example, salt
may do very well as a backfill in a salt dome. However it would not meet (D).

Staff Response to Comment No. 622:

As to the first comment, see Overview, Section 2.2, Retrievability. For a

discussion of service water see staff response to Comment No. 607. The other

paragraphs cited by the commenter have been deleted. See general discussion

preceding Comment No. 566.
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Comment No. 623: B. R. McElmurry (38)

The discussion of "backfill" in Paragraph 60.132 appears superfluous, since no
requirements for backfilling are stated. Further the most available and com-
patible backfill will be the material mined out to form the repository, and
for environmental reasons this material should be returned to the repository
to the maximum extent feasible.

Staff Reponse to Comment No. 623:

See staff response to Comment No. 616.

Comment No. 624: C. R. Fisher, General Atomic Co. (16)

Section 60.132(k)(2)(iii)

General Atomic believes that evaluation of "host rock fracturing" under chang-
ing temperature should concern only one thermal cycle, "cold to hot to cold,"
not a number of cycles as implied by this paragraph.

Staff Response to Comment No. 624:

See staff response to Comment No. 621.

Comment No. 625: Div. of Emergency Government, State of Wisconsin (77)

It is not clear whether the waste will require thermal cooling for some initial
period of time to ensure continued physical stability of the waste within the
package. 60.133 and 60.132(k).

Staff Response to Comment No. 625:

The extent to which cooling of the waste for a period of time will be employed
is a design measure that DOE is expected to consider in its design. No partic-
ular cooling period is required by 10 CFR Part 60, so long as the performance

objectives and design criteria for the engineered barriers are satisfied.

421



THE FOLLOWING COMMENTERS ADDRESSED 60.133:

Comment Nc. 626: I. Remson (13)

Shaft and Borehole Sealing - An Example of the Consequences of the Proposed
Rule

Paragraph 60.133 is one example of the harmful effects of the component approach
and of the reluctance to take advantage of the geology and hydrology. It makes
no use of the hydrogeologic factors that could help reduce radionuclide trans-
port through shafts and boreholes and seems to rely only on the properties of
the engineered seals.

1. First of all, the requirement that "...sealed shafts and boreholes will
inhibit transport of radionuclides to at least the same degree as the
undisturbed units of rock through which the shafts or boreholes pass..."
can not be implemented for the most impermeable rocks. The designer will
have to violate that requirement or else site the repository in more
permeable rocks, where that standard can be met.

2. Within the constraints imposed by the mine design, efforts should be made
to locate shafts and boreholes upgradient from stored wastes. If the
hydraulic gradient does not have a component in the direction from the
wastes to these openings, advective transport of radionuclides into the
shafts and boreholes is not possible.

3. It is probably easier to inhibit transport into shafts and boreholes by
use of engineered techniques than it is to inhibit transport through the
boreholes once the wastes have entered them. Thus, the combined perfor-
mance of the shafts and boreholes can be used to inhibit radionuclide
transport through the shafts and boreholes and not just the performance
of the seals.

This is one of many examples that shows the inappropriateness of setting
standards on the individual barriers rather than on their intergrated per-
formance. It also shows the inappropriateness of ignoring the geology and
hydrology and placing total reliance on brute-force engineering of the
canisters and repositories.

Staff Response to Comment No. 626:

The paragraphs referred to by the commenter have been revised along the lines

presented in the general discussion preceding the comments on the design section.

The staff believes these revisions accommodate the concerns raised by the

commenter.
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See Overview, Section 5.3, Geologic Conditions, with respect to the importance

of the site in waste isolation.

Comment No. 627: T. H. Pigford (53)

NRC proposes to require that at the time of permanent closure of the repository
sealed shafts and boreholes will inhibit transport of radionuclides to at least
the same degree as the undisturbed units or rock through which the shafts or
boreholes pass. NRC also proposes to require that contacts between seals and
rock shall not become preferential pathways for water. Both of these require-
ments may be literally impossible to fulfill or to demonstrate that they are
fulfilled, particularly where holes penetrate rock that is impermeable or
nearly impermeable to water. NRC does not seem to have considered limitations
and inadequacies of field testing techniques to demonstrate the extremely low
leakages and permeabilities that are likely to be encountered in some of the
rock in the more favorable sites.

NRC has not shown that this technical criterion, in its present extreme, is
necessary for overall system performance. For those rock media in which
verification of plug and seal performance would be a formidable problem under
NRC's proposed criterion, realistic responses to the criterion would be to
seek more permeable regions for repositories. The proposed criterion would
tend to steer repository development into directions not necessarily beneficial
to overall system performance.

A more meaningful technical criterion would bee a statement that such leakage
pathways are to be considered by DOE and that adequate assurance of satisfactory
performance be demonstrated prior to licensing review.

Staff Response to Comment No. 627:

The requirement that seals inhibit transport of radionuclides to the same

degree as the undisturbed rock has been deleted. The requirement that contact

between shaft and borehole seals and the adjacent rock not create preferential

pathways has been replaced by the more general requirement that materials and

placement methods for seals be selected to reduce the potential for creating

preferential pathways "to the extent practicable."

Comment No. 628: Mississippi Dept. of Natural Resources (65)

Section 60.133

Paragraph (b)(2) requires that "at the time of permanent closure sealed shafts
and boreholes will inhibit transport of radionuclides to at least the same
degree as the undisturbed units of rock through which the shafts or boreholes
pass." Is this possible with existing technology? And if it is possible, can
we expect the seals to remain effective for 1000 years or longer? The rule
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should specify what methods or materials would have to be used to meet this
requirement.

Staff Response to Comment No. 628:

The technology used to seal boreholes and shafts will depend upon the site's

geologic characteristics. Since this regula ion is likely to be applied to

several different geologic media, the NRC cannot promulgate specific design

requirements for seals. Also, the criteria for design of shaft and borehole

seals have been revised. See staff response to Comment No. 634.

Comment No. 629: U.S. DOE (48)

10 CFR 60.133(a)

NRC Proposed Wording:

"Shafts shall be designed so as not to create a preferential pathway for migra-
tion of groundwater and so as not to increase the potential for migration
through existing pathways."

Recommended Revision:

"Shafts shall be designed to minimize to the extent practicable the potential
to create a preferential pathway for groundwater or radionuclide migration or
to increase migration through existing pathways."

Rationale:

Shafts will continuously be preferential pathways until they are sealed at
decommissioning.

Staff Response to Comment No. 629:

The staff agrees with DOE that shafts will continuously be preferential pathways

until they are sealed. The staff also considers that the overriding concern

is how shafts are sealed. Consequently, proposed Section 60.133 (now 60.134)

has been re-titled to read "Design of seals for shafts and boreholes," and

paragraph (a) has been revised along the lines suggested.

Comment No. 630: C. Walske, Atomic Industrial Forum (50)

Item 60.133(a) and (b) - We suggest that these items be deleted and covered
by a new performance objective as proposed in Item 60.111(4).
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Item 60.133(c) - Paragraph (4) calls for a reliable system of interlocks.
This is unclear. What are the interlocks supposed to do? Also, Para-
graph (c)(5) is unclear and, depending on the system design, might not be
applicable. This paragraph seems to assume a particular type of system, which
is inappropriate in the regulation.

Staff Response to Comment No. 630:

Paragraphs 60.133(a) and (b) have been revised and much of the more detailed

criteria have been deleted. Also, the contribution of the seals for boreholes

and shafts to overall system performance has been added to the performance

objectives for the period following permanent closure. The staff considers

these changes accommodate the intent of this comment.

In the final rule, item 60.133(c) has been relocated to paragraph 60.131(b)(10)(iii).

The intent of this requirement is that interlocks will prevent hoist movement

during, loading or unloading so that a handling accident involving radioactive

wastes will not occur. The interlocks are further required to be designed so

that if failure occurs, hoist movement cannot take place. Former para-

graph 60. 133(c)(5), now paragraph 60.131(b)(10)(v), assumes only that hoists

will be operated remotely and therefore requires two indications to the hoist

operator that hoist operation can safely take place. Remote operation is

consistent with current DOE conceptual designs. Such measures are considered

necessary to prevent handling accidents that could result in exposures in

unrestricted areas in excess of 0.5 rem.

Comment No. 631: H. Ross (14)

Section 60.133(a) Design of Shafts and Seals for Shafts and Boreholes
Section 60. 133(b)(2)

Most favorable geologic sites now under consideration as the potential reposi-
tory hosts and surrounding formations have been chosen because of freedom from
fracturing, and exhibit very low permeability in addition to numerous other
favorable geologic, geochemical, and hydrologic properties. It is highly
unlikely that the shafts and boreholes could be sealed to "at least the same
degree as the undisturbed units of rock." This would be possible only for the
more fractured, permeable rock units eliminated from consideration as potential
repository hosts.
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Suggested wording change -

"Shafts and boreholes will be sealed to inhibit the transport of radionuclides
and groundwater to the extent reasonably achievable."

Staff Response to Comment No. 631:

See staff response to Comment Nos. 629 and 634.

Comment No. 632: U.S. Department of the Interior (24)

In our opinion, the requirement that at the time of permanent closure sealed
shafts and boreholes inhibit transport of radionuclides to at least the same
degree as the undisturbed units of rock through which they pass is reasonable
and achievable. Some regulatory guidance is probably necessary here. For
example, does the performance requirement refer to the integrated column of
rocks through which shafts and boreholes pass or to individual beds within the
column? Long-term projection of shaft and borehole sealing performance will,
of course, be highly uncertain. To overcome this uncertainty, we feel that
DOE should be encouraged to select geologic settings in which the consequences
of shaft seal failure will be minimized, e.g., a setting in which natural
hydraulic gradients are downward or (should the heads be upward) in which
potable water is absent in overlying rocks and strata.

Staff Response to Comment No. 632:

The provision for borehole and shaft seals in the final rule has been revised.

See Overview, Section-by-Section Analysis, §60.134. Paragraph 60.122 has

been revised to include as a favorable condition for disposal in the

saturated zone a downward hydraulic gradient in the host reck and immediately

surrounding hydrogeologic units (see §60.122(b)(2)(ii)).

However, the absence of potable water in overlying rocks and strata when there

are upward heads has not been included as a favorable condition. Rather, its

presence under these conditions will be treated as part of the site

description and assessment required under §60.21(c) for the safety analysis

report and would be considered in the assessment of repository performance as

an anticipated process.
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Comment No. 633: New York State Energy Office (83)

The requirement that shaft and borehole seals "inhibit the transport of radio-
nuclides to at least the same degree as the undisturbed units of rock through
which the shafts or boreholes pass," does not appear to be justified and may
be difficult if not impossible to verify. From this requirement it follows
that boreholes and shaft seals of repositories in different media would have
to meet different criteria. The ability of the seals to inhibit waste move-
ment would be more appropriately related to compliance with the EPA generally
applicable environmental radiation standard when the latter becomes available.

Staff Response to Comment No. 633:

Paragraphs 60.133(a) and (b) have been revised and much of the more detailed

criteria has been deleted. Also, the contribution of the seals for boreholes

and shafts to overall system performance has been added to the performance

objectives for the period following permanent closure. The staff considers

these changes accommodate the intent of this comment.

See also Overview, Section-by-Section Analysis, 6C.134.

Comment No. 634: U.S. DOE (48)

Issue

How to specify requirements for borehole and shaft seals.

DOE Position

Setting criteria on the individual components of the system defeats the full
utilization of the "system approach" as discussed in the "Alternative Approaches"
section beginning on page A-l1. However, if NRC decides to set component crite-
ria, it is inappropriate to allow minimum repository seal performance to vary
as a function of the site's isolation capabilities (10 CFR 60.133(b)(2)).

Stating minimum performance of seals in terms of site isolation capabilities
is attractive because it does not allow a good site to be compromised by
inferior seals. However, if a site's permeability is so low that the best
state-of-the-art seals cannot match it, then it would seem that an otherwise
excellent site might have to be rejected from further consideration. That
does not seem to be reasonable and probably is not the intent of the proposed

rule.

Discussion

The proposed rule states: "Shaft and borehole seals shall be designed so
that ... sealed shafts and boreholes will inhibit transport of radionuclides
to at least the same degree as the undisturbed units of rock through which the
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shafts and boreholes pass." This is interpreted as meaning that the radio-
nuclide migration through a vertical column of rock containing a shaft or
borehole shall not exeed the radionuclide migration through a vertical column
of undisturbed rock of the same size. Thus the rule, in effect, requires that
the ratio of radionuclide releases through boreholes and shafts to releases
from the repository as a whole shall not exceed the ratio of the total cross-
sectional area of boreholes and shafts to the horizontal areal extent of the
repository.

A practical application of section 60.133, with negative results, can be
illustrated with a simple example comparing two potential sites. If we assume
a repository of 1,500 acres (65 million square feet) and 5 shafts at 30 feet
diameter each, or 3,600 square feet, the fraction of total releases that could
be attributed to the shafts is 5.4 x 10-5.

If we further assume that the best possible design for shaft and borehole
seals has a total release rate of 50 arbitrary units (in terms of either dose
or quantity), then, if a site is found that has a total release rate of one
million arbitrary units, and if the one million units met the EPA standard,
the repository would be acceptable. However, if another site could be found
where the total radionuclide releases was 500,000 arbitrary units, it could be
disqualified because the best possible design for shaft and borehole seals
could not meet section 60.133--even though this is the better site in terms
of total release.

This example illustrates why the performance of sealed shafts and boreholes
should not be keyed to site isolation capabilities.

Alternative Criterion

The actual quantitative specification should be developed on a site-by-site
basis to suit the actual repository design and seal design conditions.

Recommended changes to section 60.133 to reflect these comments are included
in the detailed section-by-section comments on the proposed rule, enclosure B,
beginning on page B-40. Quantitative limits can be incorporated into Regula-
tory Guides as additional design information and as EPA standards become avail-
able to both the DOE and the NRC.

Finally, the term "shafts" in the sealing context includes both the vertical
shaft and the access tunnel through the shaft pillar. Seals for this combina-
tion of penetrations will be designed as a system. This condition is reflected
in the suggested alternative language to section 60.133(b)(1), (2), and (3).

Staff Response to Commment No. 634:

See also Overview, Section-by-Section Analysis, §60.134.
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Comment No. 635: U.S. DOE (48)

10 CFR 60.133(b)(1), (2), and (3)

NRC Proposed Wording:

(b) "Shaft and borehole seals. Shaft and borehole seals shall be designed so
that:

(1) Shafts and boreholes will be sealed as soon as possible after they
have served their operational purpose.

(2) At the time of permanent closure sealed shafts and boreholes will
inhibit transport of radionuclides to at least the same degree as
the undisturbed units of rock through which the shafts or borehoes
pass. In the case of soluble rocks, the borehole and shaft seals
shall also be designed to prevent groundwater circulation that would
result in dissolution.

(3) Contact between shaft and borehole seals and the adjacent rock does
not become a preferential pathway for water."

Recommended Revision:

Combine paragraphs (1), (2), and (3) into the following single paragraph:

At the time of permanent closure, shafts and access tunnel systems and
boreholes will be sealed so that the seal material, the seal contact with
the rock, and the adjacent rock do not become pathways that compromise
the engineered system and the site's ability to meet the overall
performance objectives.

Rationale:

The statement that shaft and borehole seals shall be designed so that at the
time of permanent closure, sealed shafts and boreholes will inhibit transfer
of radionuclides to at least the same degree as the undisturbed units of rock
through which the shafts or boreholes pass, etc., creates a problem. It is
inappropriate to specify performance criteria for shaft design and shaft and
borehole seals by comparison with the undisturbed units or rock. As illus-
trated by the example in the Issue Commentary section of this response, for a
very good site with highly impermeable rock, it may be impossible to design
seals to meet the specified criterion. Thus, a very good site might tend to be
rejected from consideration.

Moreover, the requirement that the contact zone between the seal and the rock
does not become a preferential pathway is probably impossible to meet. Further,
how we might demonstrate compliance with such a requirement by normal engineer-
ing techniques is unknown. The goal of seal design is to reduce leakage through
this preferential pathway to an acceptable level.
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Staff Response to Comment No. 635:

See also Overview, Section-by-Section Analysis, §60.134.

Comment No. 636: V. McIntyre (35)

60.133 (b) (2) This requirement will be hard to achieve in rocks with low
permeability to start with. It needs to be revised or dropped.

60.133 (c) This section isn't needed as it is already covered by 60.130 (b).
If NRC wants to retain the concept then a simple statement like "The design of
waste handling equipment should preclude free fall" will be sufficient.

Staff Response to Comment No. 636:

With respect to seals, see Overview, Section-by-Section Analysis, 60.134.

The provision concerning shaft conveyances has been relocated to §60.131(b)(10).

(See Overview, Section-by-Section Analysis, 60.131(b)(10)). The staff does

not agree that a simple statement such as that suggested by the commenter is

adequate. The requirements are also intended to prevent hoist movement

during loading and unloading operations and to ensure that the hoist operator

has information regarding cage location and readiness for transport, thereby

reducing the potential for handling accidents that could result in offsite

exposures in excess of 0.5 rem.

Comment No. 637: Institute of Electrical and Electronics Engineers (28)

60.133(c)(2) Precluding cage free fall does not necessarily avoid damaging
impact or overwind. The wording should be changed to
"...preclude cage free fall, overspeed, or overtravel."

Staff Response to Comment No. 637:

The additions suggested by the commented are appropriate for man hoists, as

indicated by 30 CFR 57. However, we consider such a mandatory and unqualified

requirement to be excessive for hoists handling materials.
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Comment No. 608: U.S. DOE (48)

10 CFR 60.133(c)(5)

NRC Proposed Wording:

"Hoists important to safety shall be designed to include two independent indi-
cators to indicate when waste packages are in place, grappled, and ready for
transport."

Recommended Revision:

Delete

Rationale:

This requirement is a design
ment. This assumes a method
be the method actually used.
that will never handle waste

specification rather than a performance require-
of hoisting waste packages that may or may not
Also there may be "hoists important to safety"

packages.

Staff Response to Comment No. 638:

See Overview, Section-by-Section Analysis, §60.131(b)(10).

THE FOLLOWING COMMENTERS ADDRESSED 60.134:

Comment No. 639: V. McIntyre (35)

60.134 (b) and (c) This material does not belong with the technical criteria.
In fact it is already covered by Part 60's licensing procedures.

60.134 (e) Who will enforce this? MHSA or NRC?

60.134 (f) This is not needed as it is covered by 60.131 (c) (1) and 60. 132 (g).

Staff Response to Comment No. 639:

See Overview, Section-by-Section Analysis, [§60.134 with respect to construc-

tion specifications].
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Comment No. 640: C. Walske, Atomic Industrial Forum (50)

Item 60.134(a) - In effect, this paragraph states that the requirements of
this regulation shall be met. This paragraph should be deleted.

Staff Response to Comment No. 640:

See Overview, Section-by-Section Analysis, [§60.134 with respect to construc-

tion specifications].

Comment No. 641: C. Walske, Atomic Indusrial Forum (50)

Item 60.134(b) - It appears inappropriate and unnecessary for the regulations
to require that "construction specifications shall facilitate the conduct of a
construction management program" that will ensure construction does not adversely
effect site suitability and that the facility is constructed as designed.
This paragraph should be deleted or restated to clarify the intent.

Staff Response to Comment No. 641:

See Overview, Section-by-Section Analysis, [§60.134 with respect to construc-

tion specifications].

Comment No. 642: U.S. DOE (48)

10 CFR 60.134(e)

NRC Proposed Wording:

"Control of explosives. If explosives are used, the provisions of 30 CFR 57.6
(explosives) issued by ... shall be met ...

Recommended Revision:

Delete.

Rationale:

This paragraph is needlessly redundant to 60.130(b)(10).

Staff Response to Comment No. 642:

See Overview, Section-by-Section Analysis, [§60.134 with respect to construction

specifications].
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Comment No. 643: C. Walske, Atomic industrial Forum (50)

Item 60.134(f) - This paragraph requires all water brought to the surface be
monitored for radioactive contamination. This is overly restrictive and could
be very expensive. There is no reason to expect that water from areas under-
going excavation will be contaminated since these areas will be separate from
areas where waste is emplaced. There is also little reason to monitor water
from areas containing waste since waste packages will be clean when they are
transferred to the underground facility and the probability of an undetected
failure of package containment during the construction phase is essentially
zero. This requirement should be carefully reconsidered so as not to impose
unnecessary and expensive restrictions on repository construction.

Staff Response to Comment No. 643:

See Overview, Section-by-Section Analysis, [§60.134 with respect to construc-

tion specifications]. It should be noted that construction activities may be

carried out concurrently with emplacement operations. In that event, water

control activities would be subject to the design requirements for radiation

control and monitoring that are retained in §60.132(c).

Comment No. 644: U.S. DOE (48)

10 CFR 60.134(f)

NRC Proposed Wording:

"Water control. The construction specifications shall provide that water
encountered in excavations shall be removed to the surface and controlled in
accordance with design requirements for radiation control and monitoring."

Recommended Revision:

Delete "for radiation control and monitoring,:

Rationale:

Prior to emplacement, there is no public health and safety reason for treating
the water as if it were contaminated.

Staff Response to Comment No. 644:

See Overview, Section-by-Section Analysis, (60.134 with respect to construc-

tion specifications]. It should be noted that construction activities may be

carried out concurrently with emplacement operations. In that event, water

control activities would be subject to the design requirements for radiation

control and monitoring that are retained in §60.132(c).
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Comment No. 645: C. Walske, Atomic Industrial Forum (50)

Item 60.134(g) - Construction specifications are not the appropriate vehicle
to provide for demonstration of waste handling equipment under operating
conditions. While testing of equipment for waste package emplacement and
retrieval will be required, it will not likely be performed by repository
operating personnel as part of the post construction test program. Therefore,
this requirement is inappropriate in this section of the regulation and should
be deleted or placed in Subpart F - Performance Confirmation.

Staff Response to Comment No. 645:

See Overview, Section-by-Section Analysis, [60.134 with respect to construc-

tion specifications].

THE FOLLOWING COMMENTERS ADDRESSED 60.135:

Comment No. 646: Sierra Club (66)

The wastes and the geologic setting, as an integrated system, are intended to
prevent radionuclides from reaching the environment. However, the NRC, accord-
ing to legislation which has passed Congress, will not license all waste forms.
At West Valley, as an example, the DOE will be creating a waste form without
regard for the eventual geologic medium. If any specific waste form is pro-
duced and is later found to be incompatible with a salt repository or other
medium, will those solidified wastes not have a permanent home? Will the NRC
Staff perform separate analyses for each type of waste form which may be placed
in a repository? The proposed rule should deal with the problem of waste forms
being created first, before a repository is sited.

Staff Response to Comment No. 646:

NRC will perform appropriate reviews with respect to each waste form proposed

to be placed in a geologic repository. NRC's evaluation begins at the site

characterization stage to facilitate an assessment of compatibility with

candidate media. Section 113(b) of the Nuclear Waste Policy Act specifically

requires the site characterization plan to include a description of the waste

form and packaging, its relationship to the geologic medium, and the relevant

activities of DOE. A subsequent license application submitted by DOE must

include a description of the kind, amount and specificiations of the radioac-

tive material proposed to be received and possessed at the geologic repository

operations area. See § 60.21(c)(5). Should a license be issued, NRC will

include conditions in the license which, among other things, restricted the
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physical and chemical form and radioisotopic content of radioactive waste and

restrict the size, shape, and materials and methods of construction of radio-

active waste packaging. See § 60.43(b)(1) and (2). If after license issuance

DOE should propose to emplace waste in a form not permitted by the license

conditions, a license amendment would be required. The amendment would be

processed and reviewed in accordance with the applicable provisions of § 60.45

and 10 CFR 2.105.

Comment No. 647: C. Walske, Atomic Industrial Forum (50)

Para. 60.135 Requirements for the waste package and its components

Item (a)(1) and (a)(2) are highly redundant. Furthermore, some of the factors
to be considered, as listed in Paragraph (a)(2), are not even applicable to
the site (e.g., hydriding of the host rock is certainly not a factor to be
considered). It would be more appropriate to combine these two paragraphs
into one entitled something like "Waste package/site interaction effects."

Staff Response to Comment No. 647:

See Overview, Section-by-Section Analysis, §60.135(a).

The former paragraph (a)(2) dealt with effects of the waste package on both

the underground facility and the site. Hydriding. while not applicable to the

host rock, could be applicable to the underground facility.

Comment No. 648: J. Adam (34)

§60.135 Requirements for the waste Package and Its components.

This section should begin with the following statement:

"The following requirements shall apply to all HLW waste packages. It also
applies to all other waste packages unless it is clearly shown that the relax-
ing of one or more of these requirements will result in better waste package
performance or a net decrease in environmental impacts."

There may be some wastes for which the application of the requirements of this
section may be impractical or may result in a net increase in environmental
impacts. For example, there may be high activity low-level wastes which have
already been captured and packaged in a manner which does not satisfy the
requirements of this section, but for which the impacts of repackaging the
waste may be greater than the benefits to be gained.

Staff Response to Comment No. 648:

NRC agrees that these requirements may not be applicable to wastes other than

HLW. The section has been rewritten to indicate that these requirements apply
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only to HLW and that the form of other wastes will be reviewed on an individual

basis to determine the appropriate requirements. While NRC has not adopted

the language suggested by the commenter, the staff believes the changes made

in this section are consistent with the intent of the comment.

Comment No. 649: Div. of Emergency Government, State of Wisconsin (77)

60.135(a)(1) -- Discussion of radiological interaction of waste with package
and environment should also appear in: general discussion, 60.122(h),
60.132(3)(3), (k-thermal plus radiation loads).

Staff Response to Comment No. 649:

Paragraph 60.135(a)(1) along with the proposed paragraph 60.135(a)(2) are now

combined. They require that the waste package does not affect adversely the site

and the site does not affect the package adversely, including by radiological

interaction. Since the site will be selected primarily for isolation charac-

teristics and the man-made components will be engineered to be compatible with

the site, the waste package section is the appropriate location for this

requirement.

Comment No. 650: Institute of Electrical and Electronics Engineers (28)

60 135(b)(2) The requirement to stabilize finely divided waste forms should
be justified through calculation of doses from hypothetical
accident or release scenarios.

Staff Response to Comment No. 650:

Various standard treatments of radioactive waste lead to finely divided solids

(e.g., calcine powder from calcination of high level liquid wastes and sludges).

Requiring that these be immobilized or stabilized in a suitable matrix will

contribute to meeting the performance objectives for both the pre-closure and

postclosure period. First, in the case of accidents during handling, release

of small particles of waste material would be hazardous because they are readily

dispersible and could be difficult to decontaminate. Particles are also a much

greater risk since for a size of approximately 10 microns in diameter or smaller

they are readily respirable and once within the lungs they may reside there

indefinitely. Second, following closure of the geologic repository, contact of

the waste form by groundwater would cause a more rapid rate of radionuclide

leaching for small waste particles, when compared to a monolithic waste form.
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This arises from the much larger exposed surface area of powdered material.

Furthermore, consolidation of finely divided waste form is well within the

state of the art of HLW disposal technology.

Comment No. 651: Institute of Electrical and Electronics Engineers (28)

60.135(c)(1) It is noted that to disallow "explosive or pyrophoric materials
or chemically reactive materials..." could require expensive
processing of transuranic waste.

Staff Response to Comment No. 651:

Consideration of TRU waste has been deleted from the rule. The waste package

requirements now apply only to HLW. Other waste package requirements will be

addressed on an individual basis when and if they are disposed of in a licensed

repository.

Comment No. 652: P. C. Cahill, U. EPA (68)

The language regarding explosive, pyrophoric, and chemically reactive materials
in Section 60.135(c)(1) seems too vague to be enforceable. We suggest that it
be quantified through a "worst case" analysis as was done for free liquids
[Section 60.135(c)(2)].

Staff Response to Comment No. 652:

See Overview, Section-by-Section Analysis, §60.135(b).

Comment No. 653: Institute of Electrical and Electronics Engineers (28)

60.135(c)(2) It is not clear why any free liquids would be allowed (or even
be desirable) in the waste package, since they are not allowed
as part of the waste form [60.135(b)(1)].

Staff Response to Comment No. 653:

The draft Technical Criteria published with the Advance Notice of Proposed

Rulemaking, May 13, 1980 (45 FR 31393) contained a provision that "the waste

package must contain no free liquids." Public comment on this provision

pointed out that for spent fuel, which is stored underwater, water in

quantities so small as to be difficult to detect or remove could possibly

remain. If these small amounts have no adverse effect on performance, it

would not be necessary to require expensive procedures for its detection and
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removal. Therefore, the provision was revised in the proposed rule to

prohibit free liquids in an amount that could impair performance, has been

retained in the final rule. We fully expect, however, that certain waste

package designs may contain no free liquids.

THE FOLLOWING COMMENTERS ADDRESSED 60.140:

Comment No. 654: Union of Concerned Scientists (59)

Safety analysis and performance confirmation

The proposed rule calls upon DOE to be the sole body responsible for the
safety analysis preceding a license application and for the program of perform-
ance confirmation which is to be continued until permanent closure. However,
it is admitted by the NRC (Section 60.101) that long-term performance of the
repository is subject to great uncertainty. Additional review of DOE's work
is therefore needed.

An independent body should be set up to review DOE's safety analysis and
performance confirmation programs. This body should have the power to require
tests and investigation beyond those conducted by DOE. Membership of this
body should include representatives of other federal agencies, relevant state
agencies (those from states affected by repository) and the National Academy
of Sciences.

Staff Response to Comment No. 654:

NRC is the independent agency which has been given by Congress, the authority

to review DOE's safety analysis, performance confirmation program, and all

other essential aspects of the DOE repository program in order to ensure that

the public health and safety is protected. NRC has the authority to require

any necessary tests and investigations to provide information for a licensing

review. NRC may consult with other Federal and State agencies or other

technical organizations, as appropriate. As part of its consideration of a

DOE license application for HLW disposal, NRC will be performing independent

performance assessments of the geologic repositories selected by DOE so as to

make an independent evaluation of the uncertainties which arise in predicting

the performance of the geologic repository.

Comment No. 655: National Association of Counties Research, Inc. (1)

60.140 - Under performance confirmation, a more complete monitoring function
should be required, i.e., periodic monitoring, after permanent closure, should
be part of the process mandated here.
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Staff Response to Comment No. 655:

See Overview, Section 5.6, Long-Term Post-closure Monitoring.

Comment No. 656: Div. of Emergency Government, State of Wisconsin (77)

60.140(1) -- What combination of these factors will make a site licensable
or not? If adverse conditions are found during construction,
will the site acceptability decision be reversed? What criteria
will govern such a situation?

Staff Response to Comment No. 656:

See Overview, Section 2.2, Retrievability.

Comment No. 657: Utility Nuclear Waste Management Group (44)

Section 60.140(a) requires a performance confirmation program to "ascertain"
whether or not certain conditions exist. In some cases, however, it may be
impossible to confirm completely certain conditions. Accordingly, 60.140(a)
should be modified to reflect that confirmation is required only to a reason-
able extent.

Section 60.140(d)(1) requires that the confirmation program be implemented so
as not to "adversely affect the natural and engineered elements of the reposi-
tory." Almost any confirmation program, however, will have some adverse
effects. Accordingly. the regulation should be reworded to require that the
confirmation program not adversely affect the natural and engineered elements
of the repository to a significant degree.

Comment No. 658: C. Walske, Atomic Industrial Forum (50)

Item 60.140(a)(2) This item requires that the performance confirmation program
ascertain that components designed or assumed to operate as barriers after
permanent closure are functioning as intended and anticipated. In many cases
it will be impossible to ascertain that a barrier is functioning as intended.
For example, how will one confirm that the tunnel backfill is functioning as a
barrier if there is little groundwater available? In such a case, one will
have to depend on design, knowledge of material properties, and analysis to
predict that the backfill will perform its function. Thus, this should be
reworded to allow for flexibility in the methods of performance confirmation.

Staff Response to Comment Nos. 657 and 658:

See Overview, Section-by-Section Analysis, §60.140.
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Comment No. 659: Mississippi Dept of Natural Resources (65)

The proposed technical rule makes no mention of post-closure monitoring of the
geologic environment or the vicinity of the waste packages. Such monitoring
may be desirable for years following closure of the repository; it could be
accomplished if provided for prior to closure. In situ monitoring should
continue as long as possible after closure to detect any significant rises in
temperature, deformation of the underground facility, condition of shaft and
borehole seals, or any release of radioactivity from individual waste pack-
ages or from certain areas of the repository. Monitoring devices could be
emplaced prior to permanent closure and be monitored as long as they function.
Monitoring would provide down-hole information on the conditions in the reposi-
tory and the condition of the canisters, which would be useful in consideration
were being given to re-entering the repository. Paragraph 60.143(d) should be
revised, at least to delete the phrase "as long as possible."

Staff Response to Comment No. 659:

See response to Comment No. 655.

Comment No. 660: V. McIntyre (35)

60.142 Many design tests carry things to failure. I doubt that you would want
to do that in the underground facility. The requirement should allow the
flexibility to conduct these tests off site.

Staff Response to Comment No. 660:

It is expected that DOE will, in the course of its development program, carry

out tests of its designs to failure, and Part 60 does not preclude such

tests. The purpose of the provisions of § 60.142, is not for research and

development, but to confirm that the designs that will provide long-term

isolation of the wastes will perform as expected in the repository

environment. Therefore, it is required that these tests be performed in

situ. Data from in situ testing of these design features will be considered

by the Commission, in deciding whether to allow permanent closure of the

repository. See the discussion of performance confirmation under Overview,

Section 2.2, Retrievability.
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Comment No. 661: Institute of Electrical and Electronics Engineers (28)

60.143 The discussion presented here relates to monitoring and testing
of the waste packages. The environment experienced by the waste
packages should also be monitored: temperature, humidity, radia-
tion levels, presence of various gases, composition of liquids,
etc.

Also, laboratory studies conducted before and after emplacement
will help in the correlation and validation of the monitoring
data obtained from the repository.

Staff Response to Comment No. 661:

Requirements for monitoring the environment experienced by the waste packages

are already incorporated in §60.141.

Comment No. 662: V. McIntyre (35)

60.143 (a) I wonder what kind of program NRC has in mind. Do you plan to dig
up waste packages? This should be explained in the supplementary information.

Staff Response to Comment 62:

The specific aspects of a monitoring program are necessarily dependent on site

and design and would be detailed in the license specifications.

Comment No. 663: U.S. DOE (48)

10 CFR 60.143(c)

NRC Proposed Wording:

The waste package monitoring program shall include laboratory experiments
which focus on the internal condition of the waste packages. To the extent
practical, the environment experienced by the emplaced waste packages within
the repository during the waste package monitoring program shall be duplicated
in the laboratory experiments.

Recommended Revision:

Either delete the section or replace the word "shall" with "may", in both
locations.
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Rationale:

We believe that requiring the performance of laboratory experiments in which
field conditions are simulated at the same time that in situ testing is under
way is unnecessary and technically ill-advised. We agree that on a site-
specific or medium-specific basis, ongoing testing in laboratories may be
desirable, but such testing could easily be initiated or continued if deemed
needed at that time. To require such a testing program would unnecessarily
restrict scientific judgment or engineering flexibility from the confirmatory
program.

Staff Response to Comment No. 663:

The staff declines to make the proposed change. A laboratory testing program

should be undertaken in advance of emplacement so as to enable the application

to be as complete as possible in light of reasonably available information and

to include, prior to issuance of a license, results of research programs

carried out to confirm the adequacy of designs (§ 60.24).

Comment No 664: M. J. Fisher (39)

I further recommend requiring DOE to collect monitoring data and analyzing it
for 10 years prior to waste emplacement to be sure.

Staff Response to Comment No. 664:

See response to Comment No. 663.

Comment No. 665: M. J. Fisher (39)

The section on monitoring does not mention long-term monitoring and assessment
for site conditions. Monitoring should include water and confining rock pres-
sures. Rock compression, tension, and release, moisture content, and release
of gases from the fluid and rock are also necessary. Most important is moni-
toring to make sure DOE's early data and analyses are not a function of the
conditions and the short time under which they were done.

Staff Response to Comment No. 665:

Section 60.141 addresses monitoring and testing to confirm geotechnical and

design parameters.
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Comment No. 666: Utility Nuclear Waste Management Group (44)

Section 60.150(a) defines quality assurance as "all those planned and system-
atic actions necessary to provide adequate confidence that the repository and
its subsystems or components will perform satisfactorily in service." UNWMG
assumes that "adequate confidence" is equivalent to reasonable assurance, and
the rule should be modified to so reflect.

Staff Response to Comment Nos. 666

See Overview, Section-by-Section Analysis, Subpart G, Quality Assurance.

Comment No. 667: Utility Nuclear Waste Management Group (44)

As in 60.150(a), reference is made to "adequate confidence" in § 60.153,
with respect to assuring that emplaced wastes will remain isolated from the
accessible environment. As suggested with respect to 60.150(a), the content
of § 60.153 should be modified to indicate that reasonable assurance consti-
tutes "adequate confidence."

Staff Response to Comment No. 667:

See Overview, Section-by-Section Analysis, Subpart G, Quality Assurance.

Comment No. 668: U.S. DOE (48)

10 CFR 60.150(B)

NRC Proposed Wording:

Quality assurance is a multidisciplinary system of management controls which
address safety, reliability, maintainability, performance, and other technical
disciplines.

Recommended Revision:

"Quality assurance includes quality control, which comprises those quality
assurance actions related to the physical characteristics of a material,
structure, component, or system which provide a means to control the quality
of the material, structure, component, or system to predetermined requirements."

Rationale:

We suggest using the wording above which comes directly from 10 CFR 50,
Appendix B.
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Staff Response to Comment No. 668:

See Overview, Section-by-Section Analysis, §60.150.

Comment No. 669: Institute of Electrical and Electronics Engineers (28)

60.151 The quality assurance provisions should include an auditable proce-
dure for certifying that each waste package satisfies the require-
ments of Section 60.135.

Staff Response to Comment No. 669:

Details of the quality assurance program need not be spelled out at this time.

What is important now is that the regulation provide for a program of the scope

set out in 60.150 and 60.152. Note that under 60.135 each HLW package requires

unique identification, thereby assuring that the recommended procedure could be

implemented for HLW if appropriate. Moreover, the license will include condi-

tions relating to the inspection and testing of waste packages to assure that

they conform to specifications. (See §60.143.)

Comment No. 670: U.S. DOE (48)

10 CFR 60.151

NRC Proposed Wording:

The quality assurance program applies to all systems, structures, and compo-
nents important to safety and to activities which would prevent or mitigate
events that could cause an undue risk to the health and safety of the public.
These activities include: exploring, site selecting, designing, fabricating,
purchasing, handling, shipping, storing, cleaning, erecting, installing,
emplacing, inspecting, testing, operating, maintaining, monitoring, repairing,
modifying, and decommissioning.

Recommended Revision:

"The quality assurance program applies to all systems, structures, and compo-
nents important to safety and to those activities which would prevent or miti-
gate events that could cause an undue risk to the health and safety of the
public. These activities include: site characterization, facility and equip-
ment construction, facility operation (including performance confirmation),
and decommissioning. Construction comprises all those activities that are
required to build a repository."
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Rationale:

All site characterization activities, not just exploring or site selecting,
should be subject to quality assurance programs.

Suggest lumping all activities into four categories: (1) site characteriza-
tion, (2) facility and equipment construction, (3) facility operation (includ-
ing performance confirmation), and (4) decommissioning. This categorization
would seem to be consistent with the wording in section 60.102[d]. Construc-
tion is an all-inclusive term which comprises equipment, materials, design,
fabrication, examination, testing, inspection, and all those activities
required to build a facility (Reference ASME Code Section III, NCA-1100).

Also, suggest deletion of section 60.153 (see comments on section 60.153).

Staff Response to Comment No. 670:

See Overview, Section-by-Section Analysis, 60.151 and §60.153.

Comment No. 671: U.S. DOE (48)

10 CFR 60.153

NRC Proposed Wording:

The quality assurance program shall include the program of tests, experiments
and analyses essential to achieving adequate confidence that the emplaced
wastes will remain isolated from the accessible environment.

Recommended Revision:

Delete section 60.153.

Rationale:

Performance confirmation is addressed in Subpart F of the proposed regulation
and will be conducted during the repository's operational phase. It would be
more appropriate to include performance confirmation in section 60.151 as one
of those activities subject to quality assurance. This paragraph is redundant
and should be deleted.

Staff Response to Comment No. 671:

NRC agrees. This section has been deleted. The requirement is now included
in Section 60.151.
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Comment No. 672: Mississippi Dept. of Natural Resources (65)

Subpart F - Performance Confirmation

The contents of Subpart F do not specify what agency is to be responsible for
performance confirmation. Some of the monitoring functions should be conducted
by an agency independent of DOE, perhaps.

Staff Response to Comment No. 672:

The requirements of 10 CFR 60 must be satisfied by the applicant for a repository

license (DOE). Subpart F is included among these requirements. Thus these

performance confirmation functions will be conducted by the applicant or by

others acting on behalf of the applicant. They will be reviewed by and subject

to the approval of NRC.

Comment No. 673: Penberthy Electromelt International (61)

Fire Alarms

The requirement for explosion and fire detection alarm systems is completely
unnecessary if the waste form is glass cast into steel containers. There
isn't anything in the repository which could either burn or explode.

Staff Response to Comment No. 673:

The staff believes that there may be other factors than the waste form asso-

ciated with the geologic repository operations area that could initiate fires

or explosions. Therefore, the staff has not deleted the provisions of 60.130

relating to fire alarm systems as the commenter suggests.

Comment No. 674: Penberthy Electromelt International (61)

There has been discussion of backfilling of a powdery material around the waste
canisters. This is exactly a wrong move, because powdered materials are insula-
tors. They will prevent the active cooling of the waste and thus possibly
induce devitrification which is adverse to leaching resistance, and they will
set up the temperature conditions which are also adverse to leaching resistance.

The canisters should be open to the surrounding tunnel so that their heat can
either be removed by ventilation or can be removed by radiation and air convec-
tion to the entire interior surface of the tunnel.

Staff Response to Comment No. 674:

The rule does not require powdery backfill materials around the canisters.
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10CFR60 Rationale

I. INTRODUCTION

On July 8, 1981, the Nuclear Regulatory Commission (NRC) proposed
technical criteria (46 FR 35280) which would be used in the evaluation
of license applications under procedural rules established by the
Commission for licensing of geological disposal by the U.S. Department
of Energy (DOE) of high-level radioactive waste (HLW), 46 FR 13971. NRC
received 86 comment letters on these proposed technical criteria. Many
commenters focused their commentary on the proposed numerical
performance objectives, among other things, and identified the issues
related to them that are the subject of this rationale. In particular,
the rationale shows how the numerical performance objectives for
individual sub-systems of the geologic repository, as revised in
consideration of the public comment received, contribute to meeting the
overall system performance objective, which is whatever generally
applicable environmental standard as may have been established by the
Environmental Protection Agency (EPA), and which for purposes of this
analysis is assumed to be the working draft of the EPA standard found in
Appendix C of NUREG-0806, of which this rationale is a part.

This chapter briefly delineates the authority of the three federal
agencies mentioned above as involved in disposal of high-level
radioactive wastes -- NRC, DOE, and EPA. Chapter II describes the nature
of the high-level waste problem, including the inventories, hazards, and
heat generation rates associated with various types of HLW, and how they
change with time. Chapter III briefly discusses the functions which a
repository must perform to protect public health and safety in light of
the hazards discussed in Chapter II, and Chapter IV describes both the
engineered and geologic features of a repository which must be considered
in evaluating those functions. Chapter V contains a discussion of the
uncertainties associated with assessing the performance of the features
of a repository described in Chapter IV. Chapter VI discusses how the
uncertainties discussed in Chapter V affect the alternatives considered
in selecting a regulatory approach and the rationale for the approach
selected. Chapter VII describes an assumed environmental standard for
the allowable releases from a HLW repository and a model which both relates
this standard to the numerical criteria for the performance objectives
in the rule and reflects the uncertainties mentioned in Chapter V. Chapter
VII also discusses the results of this model for the routine long term
performance of the repository. Chapter VIII applies the model to two
failure scenarios for long term repository performance, and describes the
impact of the numerical criteria on whether the assumed environmental
standard is met. Chapter IX describes the rationale for requiring the
repository to be designed so that the option to retrieve the wastes is
preserved. Chapter IX also contains the basis for the numerical value
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selected for the design period during which the retrieval option is to be
preserved.

Three Federal agencies have major roles in the national program for
disposal of high-level radioactive wastes. The EPA is responsible for
developing a generally applicable environmental standard which will serve
as the overall performance objective for releases from high-level waste
disposal. The NRC will develop and issue regulations which cover all
aspects of high-level waste disposal, and which will implement the EPA
standard. The NRC will then consider license applications for HLW disposal
to determine whether the proposal will conform to the regulation. The DOE
has lead responsibility for formulating national policy for disposal of HLW,
and has determined that national policy should focus on disposal of HLW in
mined geologic repositories (Ref. 1-1). Further, DOE is responsible for
constructing and operating a waste disposal facility in accordance with NRC
regulations.

Disposal of high-level radioactive waste in a manner that will assure safety
for many thousands of years represents a unique problem not previously dealt
with in other NRC or EPA standards. Throughout the rulemaking process
for the technical criteria, the NRC staff has considered several
approaches that might be applied to this unusual regulatory problem. The
remainder of this report provides the bases for the approach selected for
siting and design of the repository to assure effective long-term
isolation of the wastes.

II. NATURE OF THE HIGH-LEVEL WASTE PROBLEM

In this chapter we describe the types and quantities of high-level

wastes, and their properties, such as radioactivity and heat generation

rates, that could affect the design and performance of a HLW facility.

For perspective, we compare the hazard of the HLW, as a function of time,

with the hazard of the natural uranium ore that was mined to make the

fuel that produced the wastes. From these considerations we attempt to
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draw some inferences about the relevant time periods for isolation of

HLW.

Iyes and Quantities of Wastes

HLW may be disposed of in two basic forms: spent fuel discharged from

nuclear power plants (if it is disposed of as a waste), and the residue

resulting from reprocessing spent fuel for recovery of uranium and/or

plutonium.

Substantial quantities of HLW currently exist in the United States as a

result of both U.S. defense programs and commercial nuclear power

operations, and additional quantities of wastes are projected to be

generated in the future by both programs. The amount of radioactivity in

defense wastes is less than 10% of that in the commercial wastes which

are expected to be generated by the time a repository is constructed and

in operation; the following discussion is therefore limited to commercial

waste inventories. It should be recognized that defense wastes will add

a small but significant increment to the total HLW inventory, and that

commercial wastes represent an upper bound with respect to heat

generation rates and concentrations of radioactivity.

Commercial light-water reactors of the type currently in use in the U.S.

generate spent fuel at a rate of about 35 metric tons of heavy metal

(MTHM) per GWe-yr* of electrical energy production. Currently operating

* GWe-yr means the amount of electrical energy, in billions of watts,

produced in a year of continuous operation.
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nuclear power plants have a generating capacity of about 55 GWe, and

additional plants which are planned or under construction could increase

the total generating capacity to about 130-150 GWe.

Depending on the rate at which new plants are placed in service, the

cumulative year 2000 inventory of spent fuel is likely to lie in the

range from about 45,000 to 72,000 MTHM* (Ref. 2-1), or about the capacity

of a single repository (Ref. 2-2). By the year 2040, 1 to 3 additional

repositories would be required depending on the growth rate of nuclear

power generation, whether or not the waste is reprocessed, and the

geologic media selected for disposal.

Waste Characteristics

As nuclear fuel is irradiated in a nuclear reactor, three types of

radioactive products are formed. Fission products are generated by

fissioning uranium and plutonium isotopes and, with a few exceptions, are

characterized by relatively short half-lives and low radiotoxicity.

Actinides are radionuclides with atomic numbers greater than 88, and

result from non-fission neutron absorptions in uranium. The actinides

typically have longer half-lives and higher radiotoxicities than the

fission products. Small quantities of additional radionuclides, called

activation products, are produced by neutron absorption in the structural

materials which support and contain the fuel in a reactor. The

activation products make only a minor contribution to the overall

radiotoxicity of HLW, and will not be discussed further.

* The small current inventories of commercially generated reprocessing

wastes are insignificant.
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Figure 1 presents the radioactivity of pressurized water reactor (PWR)

spent fuel as a function of time after removal from a reactor, while

Figures 2 and 3 present the same information for the wastes which would

result from reprocessing the spent fuel from the uranium recycle and

mixed oxide fuel cycles, respectively.* (Figures 1-3 as well as

subsequent figures and tables in this chapter are all normalized on the

basis of one metric tonne of heavy metal (MTHM) initially charged to a

reactor.)

In all three fuel cycles, the fission product radioactivity decreases by 5

orders of magnitude during the first thousand years and then stays

relatively constant until about 100,000 years after disposal. Much of

this change (about 99.9 % or more) occurs within the first few hundred

years, primarily because of decay of Sr-90, Cs-137 and other short-lived

fission products. Some of the shorter-lived actinides such as Pu-238 also

decay significantly during the first few hundred years.

Figures 4, 5 and 6 display the decay heat generation for spent fuel and

reprocessing wastes from these same fuel cycles. In all three fuel cycles,

the fission product decay heat generation rate decreases by almost 6 orders

of magnitude during the first 1000 years and stays relatively constant

for the next 100,000 years. The rate at which total heat is generated by

the waste decreases less rapidly than the total radioactivity, but at least

*In the uranium recycle fuel cycle, it has been assumed that 99.5% of

the plutonium in spent fuel is recovered and placed in storage, while

the recovered uranium is returned to the fuel cycle. In the mixed oxide

fuel cycle, both plutonium and uranium are returned to the fuel cycle.

Reference 2-3 discusses additional assumptions.
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FIGURE 1. PWR SPENT FUEL -- RADIOACTIVITY
(Ref. 2-3)
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FIGURE 2. URANIUM RECYCLE REPROCESSING
WASTE -- RADIOACTIVITY (Ref. 2-3)
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FIGURE 3. MIXED OXIDE REPROCESSING WASTE
RADIOACTIVITY (Ref. 2-3)
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FIGURE 4. PWR SPENT FUEL -- DECAY HEAT

GENERATION (Ref. 2-3)
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FIGURE 5. URANIUM RECYCLE REPROCESSING
WASTE -- DECAY HEAT GENERATION

(Ref. 2-3)
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FIGURE 6. MIXED OXIDE REPROCESSING WASTE --
DECAY HEAT GENERATION (Ref. 2-3)
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a 99% reduction in heat generation rat is achieved within the first few

hundred years for each of the waste types.

The preceding discussion does not address the differing radiotoxicities

of the nuclides present in HLW. A rough estimate of the intrinsic hazard

of a radioactive waste material can be obtained by calculating the

"hazard index" or "untreated dilution index" (UDI) defined by:

where Qi is the activity of nuclide i in the waste and MPC. is the

concentration limit for the nuclide in effluents as presented in 10 CFR

20. This "untreated dilution index" then represents the quantity of

water (in cubic meters) which would be required to dilute the waste to

meet the effluent concentration limits of Part 20. Figures 7, 8 and 9

present this index as a function of time for spent fuel and reprocessing

wastes. These figures also include, for perspective, the untreated

dilution index" for an equivalent amount of unmined uranium ore.

Recent revisions in the ICRP's recommendations for dosimetry calculations

(Ref. 2-4) would cause some significant changes in this measurement of the

relative hazard of HLW as a function of time. This effect has been noted

recently in the scientific literature by a number of authors (Ref. 2-5,

2-6 and 2-7). Revised curves, based on the more recent ICRP

recommendations (ICRP-30), are displayed in Figures 10, 11 and 12 for

spent fuel and reprocessing wastes. The most significant results of the

ICRP revisions are:

1) the hazard of some of the fission products (primarily Sr-90) is

reduced,
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FIGURE 7. PWR SPENT FUEL -- UNTREATED
DILUTION INDEX (Ref. 2-3)
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FIGURE 8. URANIUM RECYCLE REPROCESSING
WASTE -- UNTREATED DILUTION INDEX

(Ref. 2-3)
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FIGURE 9. MIXED OXIDE REPROCESSING WASTE --
UNTREATED DILUTION INDEX (Ref. 2-3)
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Figure 10. PWR Throwaway Cycle - Untreated Dilution Index
Based on ICRP-30 Dosimetry.
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Figure 11. Reprocessed Waste - Untreated Dilution Index
Based on IGRP-30 Dosimetry.
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Figure 12. Mixed Oxide Reprocessing Waste - Untreated
Dilution Index Based on ICRP-30 Dosimetry.
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2) the hazard of several of the long-lived actinides is increased

(especially Am-241, Am-243 and Np-237), and

3) the hazard of Ra-226 is reduced and, as a result, the hazard of the

original uranium ore is reduced.

The UDI curves of Figures 7-12 indicate that the toxicity decreases

substantially (90% - 99.9%) during the first 1000 years for all three

waste types and for both dosimetry approaches considered. The toxicity of

the fission products decreases by more than five orders of magnitude during

the first 1,000 years and then remains essentially constant for the next

100,000 years. Table 1 lists the nuclides and their inventories which

dominate the UDI curves using the revised ICRP-30 calculational

procedure. (The NRC has not formally adopted ICRP-30, but the procedures

described in it have been used here because it is the most current ICRP

publication on internal dosimetry available.)

The "untreated dilution index" can provide some perspective regarding the

intrinsic toxicity of a radioactive material, but is subject to the

following limitations:

o The UDI does not consider the physical or chemical form of the
radioactive material. Properties such as solubility or
leachability may significantly affect the true hazard to human
health.

o The location of the material and the pathways through which it
could reach humans are not considered.

o There is considerable uncertainty inherent in the dosimetry
parameters upon which the UDI is based, leading to considerable
uncertainty in the index itself.

Despite these limitations, the UDI and the comparison with uranium ore

are useful in understanding the magnitude of the hazard associated with

HLW and how this hazard changes with time. In order to gain further
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TABLE 1 - Dominant Nuclides* in Spent Fuel
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understanding of the potential impacts of disposal of high level wastes,

it is necessary to consider the rate of releases of the radioactive

materials from the location where the wastes are emplaced and the

physical and chemical processes that transport the radioactivity back to

parts of the en ironment where it can be contacted by humans. These rates

and processes are addressed in detail in the following chapters.

III FUNCTION OF A GEOLOGIC REPOSITORY

At present, national policy is focusing on disposal of HLW in mined

geologic repositories (Ref. 3-1). The primary function of a mined

geologic repository is to isolate the waste so that only small quantities

of the wastes would return to the environment over such long times that

disposal would not constitute an unreasonable risk to public health and

safety. The principal mechanism by which radioactive material is

anticipated to be released to the environment from a geologic repository

is by contamination of groundwater (Ref. 3-2) that contacts the emplaced

waste and transports the radioactive materials from the repository to

locations in the environment where they can be ingested or contacted by

humans. Thus, the assessment of how well a repository performs its

isolation function involves consideration of the time when groundwater

initially contacts the waste, the rates at which groundwater can contact

the waste, the quantities and concentrations of radioactive materials

which may be transported away from the disposal facility, and the rates

of transport of the radionuclides through the geologic, hydrologic and

geochemical systems to the accessible environment.

In order to emplace the wastes, the repository must be open for a period

of years during which wastes would be received and handled in surface

facilities, transported to the underground facility and placed in

disposal locations. After this period of operation, the repository would
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be sealed and permanently closed. Until the time of permanent closure,

handling of the radioactive materials would be carried out so that the

public and workers would be protected from excessive exposure to

radiation. The measures taken to protect the public and workers during

the pre-closure period would be similar to those taken for radiation

protection at other nuclear facilities and are not discussed further.

In light of the hazards of the radioactive materials in the HLW and the

time periods involved, the measures required to achieve successful

isolation of HLW are unique. As discussed in Chapter II, there are

substantial uncertainties involved in estimating the toxicity of the

waste material itself, and these uncertainties are compounded by

uncertainties in such, factors as the release rate of wastes from a

repository and the pathways by which the wastes might reach the

environment. These uncertainties will be discussed in more detail in the

following chapters.

IV DESCRIPTION OF A GEOLOGIC REPOSITORY

A mined geologic repository is a facility which achieves isolation

(limiting the rate of waste release to the accessible environment to

acceptable levels) by means of two major subsystems. These are the

geologic setting itself, which is selected for geologic, hydrologic and

geochemical attributes which can contribute to isolation; and the

engineered system consisting principally of waste packages and materials

used to backfill and seal the underground facility, boreholes and shafts.

The geologic setting and the engineered system differ both in their

contributions to isolation and in the degree of confidence which can be

placed on predictions of their long-term performance. Any mined geologic

repository will contain some combination of these engineered and natural

barriers which together must provide isolation. This is commonly called
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the multiple-barrier or the defense-in-depth approach. A major issue the

Commission has had to deal with in promulgating technical criteria for

geologic disposal of HLW is "how do the components of these two

subsystems contribute to isolation and what confidence can be placed on

their relative contributions to overall system performances" To answer

this question, the staff considered what the respective contributions of

the geologic setting and the engineered system to overall performance

should be so that the Commission can determine that there is reasonable

assurance that a particular repository can isolate wastes.

ENGINEERED BARRIER SYSTEM

As currently visioned by DOE in its GEIS on Commercial Waste Management

(Ref. 4-1), wastes placed in a geologic repository will be in solid form

and will be in a container or canister which, as a minimum, is needed to

facilitate shipping and handling. Packages can be made of long-lived

corrosion resistant materials, and special low permeability and absorbent

materials can be placed around the canisters and in the underground

facility to contribute to isolation. In fact DOE, in its GEIS, states

that ore of the functions of the waste package is to contain the waste

for periods sufficient to allow most of the fission products to decay to

very low levels. This action protects the waste from groundwater contact

until the temperature and radiation levels have decreased to the point

where technically supportable predictions of radionuclide release rates

to the host rock can be made. It is expected that, at the end of

repository decommissioning, the underground facility will have been

backfilled and the boreholes and shafts which connect the underground

facility with the ground surface will have been sealed with low

permeability materials. The combination of waste packages and the

underground facility we have called the engineered barrier system. The

engineered barrier System can contribute to isolation first by
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controlling the release rate of radioactive materials to the geologic

setting, thereby reducing the contribution which the geologic setting

must make, and second, by providing a source of isolation which is

relatively independent of the geologic setting and which can therefore

mitigate the consequences of unforeseen failure of that setting.

This control of the source term can be achieved in several ways. First,

the engineered barrier system can be designed of materials that limit the

rate at which groundwater can contact the wastes. Second, the waste form

itself can be comprised of, or encapsulated in, leach resistant

materials. Third, materials which can retard migration once leaching has

occurred can be placed in the underground facility and around the

canisters to further control release of radioactive materials to the

geologic setting.

One means by which waste-groundwater contact can be limited is by

containment. In this context, containment means confining the wastes

within a sealed boundary, such as a metal or ceramic container or

canister, to protect the waste form from groundwater and to delay the

onset of leaching and migration until the containment boundary is

breached. Such a container can protect the waste form from water during

the period when radiation and temperatures are high and release rate

predictions are difficult. Even after an initial breach of a canister,

which may only be a small pinhole or crack, the waste package may

continue to contribute substantially to control of release for decades or

centuries by limiting the amount of water which may contact the waste

form.

Use of a long lived package to achieve containment is a means, therefore,

to compensate for, and to an extent avoid, uncertainties in the

prediction of rates of release and migration of the individual
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radionuclides, particularly during the critical period when the hazard of

the wastes is greatest and the heat generation rates are the highest.

This is important, because, as explained in Chapter V, temperature is one

of the principal factors in calculating what the source term to the

geologic setting is. During this critical period the uncertainties in

predicting release rates are very great. Even if we did understand the

mechanisms completely, the data scatter increases with temperature so that

test programs to gather the data to narrow the uncertainties to reasonable

bounds are very cumbersome (Ref. 4-2).

THE GEOLOGIC SETTING

Following release of the radioactive materials from the engineered

barrier system, the geologic setting alone must provide whatever

additional isolation is needed to keep radioactive materials entering the

accessible environment to acceptable levels. The geologic setting can

provide the needed isolation by two principal means. First, the geologic

setting can exhibit hydrologic conditions which result in low groundwater

velocities and long groundwater travel times to the accessible

environment. Second, the geologic setting can be comprised of materials

that chemically inhibit transport of radionuclides by groundwater by, for

example, ion-exchange or precipitation reactions. The objective is for the

geologic setting, through long groundwater travel times and geochemical

retardation, to delay the arrival time of radionuclides at the accessible

environment for many thousands of years. During this time additional

radioactive decay will take place, so that only a small fraction of the

material released from the engineered barrier system will enter the

accessible environment, and then only very far in the future.
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V. UNCERTAINTIES ASSOCIATED WITH GEOLOGIC DISPOSAL OF HIGH-LEVEL

RADIOACTIVE WASTES

In the two previous chapters we discussed the function of geologic

disposal of HLW (Chapter III) and gave a brief description of current

concepts for a geologic repository (Chapter IV). Assessments of the

long-term performance of such a HLW repository require the use of

quantitative models, and substantial uncertainties are associated with

both the models themselves and with the input data necessary for their

use. In this chapter we discuss the uncertainties associated with

long-term performance assessments, the effects of those uncertainties on

the confidence that can be placed in such assessments, and the means by

which these uncertainties may be reduced or compensated for.

In Section. 1 of this chapter, we begin by reviewing the functions of

engineered barriers for isolating HLW, noting specific processes which

control or determine these functions. For each process, we cite 1) the

properties important in the process, 2) the methods available to measure

those properties. 3) ways to determine whether the function is achieved,

and 4) the uncertainties associated with those determinations. In

Section 2, we treat the key elements of the geologic setting in a similar

manner. Finally, we discuss the implications of the uncertainties with

respect to confidence that the wastes will continue to remain isolated

long into the future.

The specific processes discussed are chosen to follow current concepts of

a geologic repository. A canister containing a leach-resistant waste

form is emplaced within a backfilled underground facility. Hence, in

Section 1 we discuss the engineering by focusing upon the containment

properties of a canister, leach properties of waste forms, and

sorption/chemical/mechanical properties of backfill. The processes
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discussed (corrosion, leaching, etc.) would be relevant to any

engineering scheme which might be proposed to control release of

radionuclides to the geologic setting. Similarly, groundwater flow,

geochemical retardation, and the general suitability of a location to

host a geologic repository are discussed in Section 2.

1. Uncertainties in the control of radionuclide release to the geologic

setting through engineering.

If an engineered barrier system is used to control the release of

radionuclides to the geologic setting by methods such as containing the

wastes for some period or controlling the rate at which the nuclides are

released, then there must be some level of confidence that the materials

will perform as planned. This section discusses those processes which

determine how engineered materials will behave and affect containment or

release of radionuclides, methods for determining and projecting the

performance of engineered materials and the uncertainties associated with

projecting barrier performance.

To assess the performance of barrier materials it is necessary to

understand the environment which they experience, as altered by the

effects of these materials on that environment. The central feature of

the environment will be groundwater, whose naturally occurring properties

such as chemistry and temperature will be altered by thermal and

radiation effects of the waste, as well as by chemical interactions with

the barrier materials. The complexity of these interactions will result

in an uncertainty in the understanding of the environment experienced by

the barrier materials which will contribute to the uncertainties in the

prediction of their performance.
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a) Leach-resistant waste forms

(i) Properties

Leach-resistant waste forms can control releases of radionuclides to the

geologic setting in two ways. First, the rate at which nuclides are

released can be reduced, reducing nuclide concentrations in groundwater.

Second, retention of radionuclides in the waste form allows time for

decay, reducing the total quantity of radioactivity ultimately released

to the geologic setting.

Leaching will depend on parameters associated with the ground (or

repository) water contacting the waste form, such as composition, pH and

Eh; parameters pertinent to the waste form itself, such as surface area

and structure; and parameters which affect properties of both the water

and the waste form, such as temperature and radiation. (Ref. 5-1, 5-2 and

5-3).

(ii) Determination of leach rate

Leaching of a waste form by groundwater is a very complex process. There

is as yet no rigorous, well determined rate expression available to

describe the leaching of a waste form and its dependence on all the

physical, chemical and geometric properties that are known to affect it.

Moreover, much of the data available indicate a complex interplay between

leach rates and parameters such as pH, Eh, flow rates, leachant chemistry

and how these parameters may change with temperature. As a result the

models presently available to estimate the rate of leaching generally

reflect empirical correlations rather than theoretical principles.

Experimental measurements can be conducted under conditions intended to

represent the expected leaching environment (Ref. 5-4 and 5-5).

475



10CFR60 Rationale

Controlled perturbations of leach rate experiments may lead to a broader

understanding of fundamental leach rate phenomena (e.g., the influence of

temperature and pH on leaching) and, in principle, can aid in the

development of and improve the validity of the models. However, in all

cases, predictions of long term performance will be based on the results

of tests and analyses of those results. From such analyses, it is known

that certain parameters such as temperature and radiation alter the

measured leach rates significantly (Ref. 5-6 and 5-7). As the temperature

increases the mechanism of leaching may change, the nature of the

leaching medium may change, and the ability to precisely and reproducibly

determine the leach rate may be hampered. Radiation will alter

characteristics of the leaching medium. such as, its pH (Ref. 5-8). and

thus will alter measured leach rates. The combined effects of increased

temperature and radiation can potentially increase the uncertainties in

the leach performance of the waste form to a point where they may not

easily be quantifiable.

Further, there will always remain the question as to whether the

conditions by which leach rates are determined in the laboratory are the

same as those which will be encountered by the waste form in the

repository. Uncertainties in measurements of current hydrologic

characteristics ( e.g., flow rates) and, particularly, in predictions of

future hydrologic conditions (Ref. 5-9), place limits on the reliability of

long-term leaching extrapolations.

(iii) Implications

Several conditions must be met if a leach resistant waste form is to

serve as a major barrier to waste release:
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1) The influence of significant parameters (e.g., temperature,

groundwater chemistry) must be thoroughly investigated. An

understanding of the influence of these parameters may require that

the waste form be contained to prevent the initiation of leaching

until temperature and radiation levels are low enough that a greater

degree of confidence can be placed on the long term leach behavior.

2) Predictions of the repository environment far into the future must

be bounded, including changes in the environment between closure and

resaturation of the underground facility. Such predictions need not

be precise, but the bounds must lie within the range of conditions

for which the waste form has been experimentally tested.

3) Manufacturing quality control must be adequate to assure that the

properties of "production line" waste forms do not deviate

significantly from the properties of the waste forms evaluated in

the laboratory.

If these conditions are met, leach rates may be extrapolated with less

uncertainty. Furthermore, long-term leach rates can probably be

predicted with more confidence than can near-term leach rates because of

the elevated temperature conditions shortly after waste emplacement. A

low leach rate waste form can therefore serve as a high performance

engineered barrier over the long-term after thermal and radiation effects

have decreased. The level of confidence would probably be lower in the

short-term (hundreds of years) when elevated temperatures and radiation

may cause extreme repository conditions.

The waste form testing, groundwater measurement and manufacturing quality

control conditions discussed above seem reasonable in light of the degree

of confidence which could be placed on a low-leach rate waste form as an
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engineered barrier. A numerical limit for the leach rate to be achieved

by such a waste form will be discussed in a later chapter.

(b) Canister

(i) Properties

The use of a canister to contain the wastes can overcome some of the

difficulties with predicting leach rate and radionuclide sorption (to be

discussed in section (c)) at the elevated temperatures and radiation

levels likely to be present during the first few centuries following

closure. Containment can delay the onset of the leaching process until

temperatures have fallen to a level where the leach rate is predictable

with a higher degree of confidence.

The mechanism of containment functions not so much to keep wastes within

a specified volume (e.g., the canister), but to keep the groundwater from

contacting the waste-form until temperature and radiation levels are

within the range where laboratory data can be relied on to predict long

term performance with reasonable assurance. Hence, the process of

concern is deterioration of the canister. Some of the physical and

chemical parameters which determine corrosion rates are the same as those

which determine leach rates. Principal among these are groundwater

chemistry (Eh, pH and chemical composition), temperature and radiation

(Ref. 5-10).

(ii) Determination of expected containment time

Actual containment time can not be observed directly because of the long

periods involved. Rather, the expected containment time must be inferred

from extrapolation of experiments, noting both the modes and rates of
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deterioration and failure. Typically, specimens of the material to be

used, including weldments, will be subjected to conditions simulating the

groundwater and, possibly, the radiation environment expected to be

present.

(iii) Implications

The principal advantage of containment is that it permits the system to

be simplified by separating the waste from the groundwater until such

time as temperature and effects decrease to where laboratory

tests can better simulate repository conditions.

Container degradation or failure can be experimentally measured over a

wide range of anticipated repository conditions (e.g., typical

repository water chemistries, temperatures and radiation fields). As

with leaching from a waste form, corrosion of a metallic barrier is a

complex kinetic process which may be difficult to predict. At higher

temperatures, new mechanisms may arise and the uncertainties in the data

may increase. However, failure rates for some processes, or the

conditions under which a specific process can cause failure, may be

investigated. Failure rates under the range of conditions expected in

the repository can be estimated and their accompanying uncertainties

bounded. These can then be used to assess the performance of canister

materials and to bound the confidence in that assessment.

The conditions previously discussed for leach rate predictions

(predictions of groundwater conditions, testing that bounds these

conditions, and manufacturing quality control) also apply to containment

time predictions. If these conditions are met, containment times may be

extrapolated with confidence. A numerical limit for the containment time

to be achieved will be discussed in a later chapter.
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(c) Backfill

(i) Properties

Backfill materials can serve a number of purposes. They can retard

migration from the underground facility of radionuclides leached from the

waste form, can condition groundwater within the underground facility

both to slow corrosion of canisters and to lower leach rates, and can

physically limit the rate of groundwater contact with a canister or waste

form (Ref. 5-11). The chemical, thermal, and mechanical (physical)

properties of the backfill and its interaction with the groundwater

determine its performance. When groundwater interacts with a canister or

a waste form, the chemical composition of the resultant solutions must be

considered if backfill is used to retard radionuclide migration, limit

leach rates or reduce solubility limits. Further, for backfill to be a

useful agent for conditioning groundwater or retarding radionuclide

movement it must contact the groundwater effectively. That is, the

backfill must be emplaced in such a way that there are no extensive voids

or channels that would permit the groundwater to bypass the backfill

materials. In addition, the backfill must be able to perform its

function in the changing thermal, chemical, and radiation environment of

the repository.

(ii) Determination of backfill performance

Standard engineering tests for compaction, permeability, homogeneity, and

gradation can be performed on backfill emplaced within an underground

facility to assure the proper mechanical properties for its intended

function. Groundwater conditioning and radionuclide retardation

properties can be determined by laboratory tests which focus on the

chemical properties of the backfill. Backfill materials can be tested in
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the laboratory and in-situ to determine their behavior in the repository

environment (Ref. 5-11 and 5-12).

(iii) Implications

The functions of a backfill material can be considered to be of two basic

types:

(1) An adjunct to other barriers. A backfill can condition groundwater

to increase containment times and reduce leach rates, and can

limit the rate of groundwater contact with a canister or waste form.

(2) A barrier in its own right. A backfill can retard movement of

nuclides away from their location of emplacement.

The uncertainty in the performance of a backfill material probably cannot

be quantified very precisely. Rather, the backfill serves largely to

reduce the uncertainty in the performance of the other barriers. (For

example, by controlling the pH of the groundwater, uncertainty in the

corrosion rate of a canister may be reduced.) The backfill can,

nevertheless, serve an important function in overall repository

performance, and can be instrumental in predicting the performance of the

other engineered barriers.

2. Uncertainties with respect to transport of radionuclides through the

geologic setting.

Regardless of the extent to which engineering is used to contain wastes

or control the release of radionuclides, the geologic setting determines

the environment in which the engineering must perform its intended

function. Hence, the geologic setting must be characterized
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and understood at least with respect to the design parameters of the

engineering. Moreover, to the extent that the geologic setting is used

to isolate the wastes from the accessible environment, or that it is

relied upon to mitigate the consequences of premature or unanticipated

failure of the engineering, it must be characterized and understood with

respect to its ability to control the movement of radionuclides to the

accessible environment. In this section we discuss the parameters which

describe the processes and characteristics of tne geologic setting relevant

to the functions described above.

(a) Groundwater Hydrology

(i) Properties

The groundwater is the likely means by which radionuclides would be

transported from a geologic repository to the accessible environment.

Hence a long groundwater flow time between the underground facility 
and

the accessible environment is a highly favorable condition for waste

isolation. Further, our confidence in the ability of a geologic

repository to isolate wastes is directly dependent upon an understanding

of the groundwater flow between the repository and the accessible

environment. The characteristics by which we describe the groundwater

flow through porous media typically are those by which any fluid system

is described: hydraulic gradient, porosity, permeability, temperature,

density, viscosity, and the geometry of the system. For flow in fractured

media, an effective porosity and an effective permeability can be 
developed

based on average fracture size and length and the porosity 
and permeability

of the unfractured rock. (The chemical properties of the groundwater also

are important to the design of the engineering used to contribute 
to the

isolation of the wastes. The measurements of the chemical properties
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relevant to engineering, and their associated uncertainties were

discussed in the previous section.)

(ii) Determination of groundwater flow

The hydraulic properties of the groundwater system particularly 
important

to isolation of radioactive wastes are related to groundwater 
flow (rate,

quantity, direction, and, in the saturated zone, time for resaturation of

the underground facility). Groundwater flow can be measured directly for

simple aquifers with rapid groundwater flow. However, the underground

facility is likely to be constructed in an aquitard or aquiclude, 
nearby

groundwaters are likely to be very slow flowing, and flow 
paths may be

complex and fractured. Such slow flow or complex heterogeneous conditions

make direct measurement of groundwater flow difficult. 
Fluid systems models

that incorporate the properties described in the preceding section can be

used in place of direct measurement to estimate groundwater 
flow. Such

models have been developed, but have not been validated, 
for estimating

groundwater flow in the slow-flow conditions expected in 
the stratum in

which an underground facility would be constructed. Moreover

fracture-flow will likely be of importance in many host rocks, but the

development of fracture-flow models is in its infancy and 
the utility of

these models for predictive purposes has not yet been demonstrated (Ref.

5-12 through 5-16).

Groundwater dating is an alternative to direct measurement for estimating

groundwater flow, and does not require measurement of all the properties

which determine groundwater flow. Hence, groundwater dating can provide

a semi-independent check on groundwater flow estimates (Ref. 5-17).

Groundwater dating involves uncertainties which are potentially

important, however. Among these are uncertainties in initial isotope

ratios, chemical or physical processes which could alter 
isotope ratios
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or concentrations along the flow-path, and mixing with groundwaters from

other sources between measurement locations. At present, groundwater

dating techniques applicable to waste repositories are mostly in the

early stages of development, except for methods using C-14 (Ref. 5-18).

(iii) Implications

Some of the uncertainties associated with estimates of groundwater flow

for repository performance can be assessed quantitatively by means of

parameter sensitivity analyses and statistical sampling techniques (Ref.

5-19, 5-20 and 5-21). However, the utility of uncertainties estimated in

this way is limited with regard to accual flow at a repository site for

several reasons. Validation is lacking for flow estimates under

slow-flow and fracture-flow conditions. Also, the models used to make

the estimates may not properly account for (1) the diverse and

heterogeneous geologic environments which are likely to be encountered

over the distance of groundwater travel from the underground facility to

the accessible environment. and (2) the effects of natural geologic

processes, as well as the thermomechanical perturbations caused by the

wastes themselves, which may significantly alter groundwater flow patterns

over the time period required for waste isolation.

(b) Geochemistry

(i) Properties

Favorable geochemistry would tend to retard the movement of radionuclides

with the groundwater. The movement of radionuclides typically is

described by the groundwater flow rate and the empirical retardation

factor. The latter is a shorthand for the complex geochemical processes

which affect radionuclide transport in groundwater. The retardation
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factor is described in terms of characteristics of the geologic medium

(e.g., bulk density and porosity for porous-medium flow) and the

radionuclide distribution coefficient, Kd, which accounts for the

chemical interactions among a radionuclide, the constituents of the

groundwater, and the host rock/aquifer of concern.

Solubility limits may also be important, particularly for the actinide

elements. If the rate of groundwater contact with a waste form is very

low (e.g., because of favorable backfill material properties), or if the

solubility limit of an element is very low, the apparent "leach rate" of

a waste form will be reduced independent of the inherent leaching

characteristics of that material. Solubility limits are dependent

primarily on the groundwater chemistry (for a given element). Thus, a

combination of a favorable groundwater chemistry and 3 low rate of

groundwater contact with a waste form (e.g., good backfill properties)

could substantially reduce nuclide dissolution rates from a waste form.

(ii) Determination of geochemistry conditions

The relevant processes which must be measured or inferred to predict

geochemical retardation of radionuclides include, among others,

precipitation/dissolution (controlled by solubility), the chemical forms

of nuclides in solution, sorption/desorption interactions, and colloid

transport and ultrafiltration. Generally, the limiting geochemical

processes are chemical complexing (which determines species present in the

groundwater), and precipitation and sorption/desorption, (which affect the

amounts of radionuclides dissolved in groundwater).

Laboratory tests can be used to estimate maximum solubilities, and field

measurements can be made to verify laboratory measurements. Similarly,
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laboratory measurements can be used to determine sorption/desorption

properties. However, the relevance of laboratory measurements to actual

field conditions is only beginning to be investigated.

Theoretical geochemical models have recently been developed to

investigate element speciation in realistic geochemical environments.

(Ref. 5-22 and 5-23). However, the requisite field data and

thermodynamic data, particularly for transuranic elements, are difficult

to obtain. Most of the available thermodynamic data are at a temperature

of 25'C and standard atmospheric pressure (Ref. 5-24) and need to be

adjusted to expected repository conditions. Experiments at elevated

temperatures are being conducted (Ref. 5-25). In addition, the models

involve important assumptions, such as that of chemical equilibrium,

which may be unrealistic if the spatial variation in geochemical

properties of the geologic setting is severe. Finally, theoretical

models do not yet incoporate kinetic effects in the predictions of

element speciation, nor do they relate speciation to predictions of

retardation in groundwater transport. Theoretical geochemical models

alone cannot provide an adequate substitute for empirical data from

experiments approximating anticipated repository conditions, especially

for elements such as Pu, Np, U, and Tc, whose mobility characteristics

depend strongly on geochemistry (Ref. 5-26). All three approaches:

experimental solubility and sorption measurements, field migration

studies, and theoretical calculations are necessary to provide and

understanding of radionuclide migration.

(iii) Implications

A large body of experimental data on solubilities and Kd's has been
obtained for many of the important radionuclides in HLW (Ref. 5-27 and
5-28). However, serious questions have been raised about the relevance
of Kd's to observed retardation effects, and about the ability to measure
and to predict the in situ conditions which must be known to reduce the
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uncertainties associated with both 
solubilities and Kd's to tractable

levels (Ref. 5-29). Nonetheless, estimates of solubilities 
and Kd's and the

uncertainties associated with them 
have been made for the geologic media

of interest to the national program 
(Ref. 5-30) and are used in the

calculations appearing in Chapters VII and VIII of this document.

(c) Geologic Environment

(i) Properties

The characteristics customarily used 
to describe the geologic environment

relate to its mechanical and thermal 
properties, its mineralogy, and its

geologic structure. The processes which affect these characteristics

include climatic changes, surface erosion/deposition, diagenesis, 
and

tectonic processes such as uplift, 
subsidence, folding, and faulting.

(ii) Characterization of the geologic 
environment

Geologic characteristics, i.e., both the present thermal, mechanical,

chemical, etc., properties of a given location and the geologic processes

anticipated to be operating there now 
and in the future, are essential

not only for understanding factors relevant 
to transport of wastes by

groundwater, but also for confidence in the performance 
of any

engineering over the long term. Not only must conditions in the present

be favorable for waste isolation, but 
also there must be some assurance

that the processes expected in the future at the location will have 
no

significant adverse effect. That is, the processes and events which

occur at this location either 1) leave 
the relevant characteristics

unchanged, or 2) change them in a way 
that allows confident predictions

of no adverse consequence to the isolation of the wastes. Measurements

can be made of the mechanical and thermal 
properties, mineralogy, and
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structure of a particular location, although complexity of a location and

spatial inhomogeneity add to the difficulty of interpreting the results

of such measurements. Inferences are made from the geologic record

as to the likelihood of continued or renewed activity of geologic processes.

(iii) Implications

Uncertainties in our understanding of the present state of a geologic

environment result from the potentially complex spatial variations in

pressure, structure, and mineralogy. In order to reduce uncertainties,

field measurements should employ sample sizes and spacings of

sampling locations which match the scale of important inhomogeneities at

the location. Some uncertainties are quantifiable, e.g., those

associated with the extrapolations and interperation based on field data

which are numerical and, thus, are subject to statistical analyses (Ref.

5-31). The magnitude and significance of these uncertainties are site

specific.

The predictions as to which geologic processes are likely to be active

into the future and which events are likely to occur are based primarily

on interpretations and temporal extrapolations of the geologic record.

Significant uncertainties may result from the incompleteness or possible

misinterpretation of the geologic record. Predictions based on the

geologic record are inherently judgmental, particularly for discrete

events at specific locations. Nonetheless, the geologic record can be

used to estimate bounds for the future effects of anticipated geologic

processes and events. At locations which have exhibited little change

since the beginning of the Quaternary, the uncertainties in predicting

the effect of geologic processes on repository performance are likely to

be unimportant for time periods of about 10 years or less. but may
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become significant for longer times (Ref. 5-32). However, there is

always a residual uncertainty as to whether a process or event might

occur which is not expected or considered likely on the basis of the

geologic record and which will cause the engineering to fail.

Thermal and mechanical perturbations of the natural geologic environment

caused by development and operation of a repository and emplacement of

wastes also need to be taken into account in determining the suitability

of a location for waste disposal (Ref. 5-33). For about the first 103

years, when the decay heat generated in the waste is most important (see

Fig. 4-6). it is likely that the thermal perturbations will have important

effects in the rock in close proximity to the underground facility. In

principle, uncertainties associated with predicting the post-closure

effects of thermal and mechanical perturbations (e.g., in salt) are

quantifiable on the oasis of field tests. Testing is difficult, however,

both because of the long time period over which the decay heat is

significant and because the physical size and layout of a test facility

should simulate expected repository conditions.

3. Assessment of performance over long periods of time

In the previous sections we discussed the properties by which engineered

and geologic systems could contribute to isolation of radioactive wastes.

We also discussed the kinds of measurements and experiments needed to

conclude that those systems would perform the various functions that

might be attributed to them. Finally, we discussed the uncertainties

associated with those measurements and experiments and touched upon the

implications of those uncertainties with respect to confidence in the

isolation of high-level radioactive wastes.
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From the preceding discussions of this chapter it is seen that, of the

uncertainties which affect confidence in geologic disposal of HLW, the

most easily accommodated is measurement uncertainty. There are, of

course, practical limitations to the accuracy and precision of

measurements of the relevant properties, especially field measurements

of the geologic setting in which a repository might be located. Yet,

measurement uncertainty is quantifiable and amenable to statistical

analyses. Not only the values of properties deemed relevant can be

known, but also some quantitative statement can be made as to how well

those values are known.

Mathematical models must figure prominently in any assessment of

long-term performance of a HLW repository since there will be no

opportunity to observe actual repository performance prior to licensing.

The reliability of the predictions of these models is limited by the

reliability of the input data to these models and by the reliability of

the models themselves. The geologic sciences are far from being

precisely predictive and, as a result, the models and most of the

geological data upon which they rely are subject to sizeable

uncertainties. These uncertainties could make repository licensing

problematical for the Commission unless adequate compensating measures

are employed. Engineered barriers can, as the preceeding paragraphs

indicate, substantially reduce and compensate for these uncertainties.

Some engineered barriers, e.g., waste forms, can reduce uncertainties by

reducing the source term which the geologic environment must control.

Other engineered barriers, such as canisters, can reduce uncertainties by

preventing contact between the waste form and the groundwater until the

temperature and radiation levels are low enough that the mechanisms

controlling radionuclide releases to the geologic setting are understood

and the data scatter in measuring and predicting these releases is

reduced to tractable levels. Additional engineered barriers, such as
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backfill materials, can compensate for uncertainties in ways which may be

largely qualitative, but which will nevertheless lend confidence to a

decision on overall repository performance.

In a complementary manner, the geologic setting will compensate for

uncertainties in the performance of engineered barrier system. A

minimum groundwater travel time can ovide quantifiable compensation for

premature failure of or excessive early releases from the waste package

and underground facility. Siting criteria addressing resources can

reduce the liklihood of inadvertant intrusion into the engineered

barriers system. Overall, this element of redundancy of barriers is

expected to play a significant role in any Commission decision to license

a HLW repository.

The specific contributions which individual barriers can make to overall

repository performance and to reductions in uncertainty, are discussed in

more detail in subsequent chapters.

VI. IMPACT OF UNCERTAINTIES ON REGULATIONS FOR GEOLOGIC DISPOSAL OF HLW

1. Regulatory policy

If we examine the implications of uncertainties (discussed in

Chapter V) associated with determining whether the engineered and natural

barrier systems will function as desired as components of a geologic

repository, we see that none is free from the uncertainties discussed

above. Further, no matter how good the design or how excellent the site,

and no matter how precise and accurate the measurements and observations

of the components of the repository, the best that can be known is the

state of the repository at the time the Commission must decide whether to

allow closure. The state of the repository beyond that decision point is
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an inference. While it is conceivable that the DOE could develop a

design that does not require anything of the geology other than to

provide a location, or could choose a site so good that no engineered

barriers would be needed, there will be no opportunity to see the

engineering or the site work under a11 the anticipated conditions, or to

observe whether the actual conditions are those for which the engineering

is designed or the site selected. Further, there is always the

uncertainty as to whether processes and events not anticipated in the

design or not expected to occur at the site will indeed occur, and fail

the repository.

Faced with this same type of uncertainty for other licensing decisions in

the past, although not to the same degree, the Commission has applied a

policy of multiple protective systems. This is commonly known as the

defense-in-depth approach. In the case of geologic disposal of HLW, this

policy would be realized as a requirement that the site and the

engineering share in the task of isolating the wastes. Moreover, no one

who has been involved in the formulation of national policy for the

disposal of HLW. including the DOE, the USGS, the EPA. and the

Interagency Review Group on the management of radioactive wastes has

suggested exclusive reliance on either geology or engineering for

isolation of HLW. The reasoning behind the implementation of the

Commission's policy and its advantages for licensing geologic disposal of

HLW are discussed below.

First, requiring both engineering and geology to contribute to isolation

can be used to limit the consequences of an unanticipated process or

event, which could cause failure of one barrier to properly perform its

isolation function. Since the Commission will need to make a judgement

as to whether it has reasonable assurance that the public health and

safety suffers no unreasonable risk from permitting disposal of HLW
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within a repository in the absence of any experience and proof-testing,

he knowledge that mechanisms are in place which limit the consequences

f partial failure will add to confidence in that judgement, despite the

nowledge that unanticipated processes and events could occur. Further,

since some of the functions of the engineering and the site operate by

different mechanisms (e.g., groundwater flow and canister corrosion),

requiring DOE to use both in a repository provides multiplicity in the

methods by which safety is provided. Although one can never be sure that

all eventualities have been addressed, viewing possible failure

modes/mechanisms from more than one perspective adds confidence that

nothing major has been ovelooked.

Finally, although isolation of wastes through engineering or geology

involves many of the same properties, and indeed in some instances

involves similar processes (e.g. , both containment of wastes by a waste

package and retardation of radionuclides by the geochemistry of the

geologic setting could rely on sorption of radionuclides suspended in

groundwater), the major contributors to uncertainty for each arise from

different considerations. For example. poor correspondence between

laboratory and field measurements has resulted in considerable

uncertainty associated with retardation factors for the geologic setting.

In the case of material incorporated in the waste package to retard

radionuclides, however, retardation factors can be measured with relatively

little uncertainty. Hence, to the extent, and over the times, that we

can rely on waste packages to contain radionuclides, the uncertainties

associated with retardation by the geology are less important. On the

other hand, as time progresses our confidence in the waste package's

continued performance diminishes. The long history of geologic

conditions provided by the geologic record permits more confident

evaluation of the ability of the location to maintain some level of

retardation of radionuclides into the future. Hence confidence in the
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geologic record compensates for the uncertainty in the Survivability

of engineering, while confidence in containment for an initial period

compensates for uncertainty in geochemical retardation.

2. Numerical requirements

Numerical specification of the contribution to isolation to be made by
the site and by the engineering should be consistent with both the
standard to be met (the generally applicable standard for radiation in
the environment from the disposal of HLW), and whatever the Commission
regards as an appropriate level of risk from unanticipated processes and
events.

Although no HLW standard exists at present, the Commission can proceed to
specify numerical performance objectives by assuming a standard based
upon a reasonable expectation of what an HLW standard might be. Several
comments on the proposed rule referred to Draft 19 of the EPA standard,
which has been under development for some time. We have therefore chosen
this draft as the basis for an assumed standard*, and in Chapter VII we
consider numerical requirements for containment, controlled release, and
groundwater flow time which, if met, will contribute to meeting it.

3. Additional considerations

Use of an assumed HLW standard provides a basis for specifying

numerically, at this time, performance of individual barriers (e.g.,

containment) under anticipated processes and events. However, wher a HLW

standard is promulgated, the Commission should have the discretion to

review and change as needed the numerical values specified for those

barriers in light of that standard. Among the factors the Commission

might take into account in exercising this discretion are the age and

* On December 29, 1982 the EPA published a Proposed HLW Standard which

is somewhat different from Draft 19. An analysis of the impact of the

differences between the two versions appears in Appendix A to this

Rationale.
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nature of the wastes, characteristics of the geologic setting, and

particular sources of uncertainty in predicting the performance of the

engineered barrier system or the geologic setting. Finally, in

specifying performance numerically at this time, we have not foreclosed

the possibility that considerations related to unanticipated processes

and events could form a basis for changing the specification, for

requiring additional specifications, or both.

VII IMPACT OF NUMERICAL REQUIREMENTS ON ROUTINE RELEASES

As stated in Chapter VI, Draft 13 of the EPA standard, referenced by a

number of comments on the proposed rule, has been employed to show the

relationship between overall system performance and the numerical

requirements on the engineered barrier system and the geologic setting.

We expect EPA to publish soon a proposed standard for public comment

similar to this draft. This chapter contains an assessment of the

contributions to overall performance under anticipated processes and

events. An assessment of the mitigation of unanticipated processes and

events appears in Chapter VIII. The worKing draft of the assumed

standard fixes a number of parameters against which tne overall

performance of a repository will be evaluated, including a location at

which performance is to be measured (the boundary of the accessible

environment), a measure of performance (cumulative releases of specific

radionuclides measured in curies), and an interval during which

performance is to be measured (10,000 years). In the draft Supplementary

Information accompanying the working draft, the EPA also notes its

judgment that regulation of releases for a 10,000 year interval will

protect public health and safety beyond 10,000 years. Specific limits

for releases for reasonably foreseeable (anticipated) processes and

events appear in Table 2, and were applied here in accordance with the

footnote to that table.
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Table 2

Limits of Cumulative Releases to the Accessible
Environment for 10,000 Years After Disposal

According to the Assumed Standard

Radionuclide

Americium-241

Americium-243

Carbon-14

Cesium-135

Release Limit
Curies Per 1000 MT

10

4

200

2000

Cesium-137

Neptunium-237

Plutonium-238

Plutonium-239

Plutonium-240

Plutonium-242

Radium-226

Strontium-90

Technetium-99

Tin-126

Any other alpha-emitting
radionuclide

Any other radionuclide
which does not emit
alpha particles

NOTE: In cases where a mixture of radionuclides is projected to be

released, the limiting values shall be determined as follows: For each

radionuclide in the mixture, determine the ratio between the cumulative

release quantity projected over 10,000 years and the limit for that

radionuclide as determined from Table 2. The sum of such ratios for all

the radionuclides in the mixture may not exceed one.

For example, if radionuclides A, 8, and C are projected to be released

in amounts Q Q , and Q , and if the applicable Release Limits are RL,

RLb, RL c then tne cumulative releases over 10,000 years shall be

limited so that the following relationship exists:
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For purposes of our assessment, consistent with the assumed standard, the

accessible environment is assumed to be all areas on the land surface

regardless of distance from the repository and to include all subsurface

locations beyond a vertical surface one mile away from the location of

the emplaced wastes. These boundaries appear in Figure 13. (A more recent

working draft of the standard allows a distance of up to 10 km rather

than l mile. This change does not significantly affect the results of the

present study, however, since only the groundwater travel time explicitly

appears). For an actual repository the distance from the wastes to the

vertical boundary of the accessible environment is expected to be site

specific but not to exceed 10 km.

Routine Release Scenario: The Undisturbed Repository

The NRC staff identified a scenario for the purpose of showing the effect

of numerical requirements for the engineered barrier system and the

geologic setting on the performance of a geologic repository which is

operating normally. A diagram of this scenario appears in Figure 13.

It is anticipated that if radionuclides are released from an undisturbed

repository to the accessible environment, this release will take place by

failure of the container surrounding the wastes, dissolution of the

wastes by groundwater, and migration of the radioactive material

dissolved from the wastes with the groundwater to the accessible

environment. For this reason, location of the underground facility in the

saturated zone is considered a realistic bounding case for routine

release. In this scenario, groundwater is presumed to resaturate the

repository within a few centuries after closure and to initiate

deterioration of the waste packages, causing eventual breaching of the

waste packages and start of radionuclide release to the underground

facility. In time, the radionuclides are released to the geologic
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setting. The assumption of prompt resaturation is conservative but

reasonable because void spaces in the backfilled repository will result

in a hydraulic gradient that will tend to promote flow inward, and

because some natural leakage is anticipated. An upward hydraulic

gradient in the geologic setting is assumed, causing groundwater carrying

the radionuclides to move vertically through the host rock from the

repository to an overlying aquifer. The radionuclides then follow the

groundwater flowpath horizontally along the aquifer away from the

repository and eventually reach the accessible environment. Transport of

some radionuclides through both the host rock and the aquifer is assumed

to be impeded by chemical retardation and by limitations on radionuclide

solubility. Alternative release paths might be selected, such as a

downward gradient which could move radionuclides to an underlying

aquifer. However, thermal effects will tend to enhance transport to an

overlying aquifer, so this upward case is considered realistic. This

scenario will be considered for the three media currently of greatest

interest for HLW disposal: basalt, tuff, and salt. Evaluation of this

scenario involves prediction of the behavior of an undisturbed repository

taking into account uncertainties associated with significant parameters.

Numerical Assessment: The Model Chosen

To quantify the effects of numerical requirements for the engineered

barrier system and the geologic setting in the routine release scenario,

it is necessary to specify a quantitative model which corresponds to the

qualitative description above. That model may then be used to determine

how each of the barriers affects the performance of the overall geologic

repository. The model selected for describing this scenario is a

quasi-two dimensional model in which the radionuclides vertically

upward, both through the repository and from it to the aquifer, after
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which they travel horizontally along the aquifer. This model approximates

the groundwater flow shown in Figure 13 by a series of legs, shown in

Figure 14. Legs A and B correspond to the upper aquifer, leg C

corresponds to flow through the underground facility itself, and leg D

corresponds to flow from the underground facility through the host rock

to the upper aquifer.

A number of simplifying assumptions have been made in order to implement

this model. These assumptions are consistent with generally accepted

practice in transport modeling and are not intended to introduce either

conservatism or non-conservatism into the analysis. First, one-

dimensional Darcy flow is assumed, implying low Reynolds number flow in

porous media, and implying that all significant flow is unidirectional.

Low Reynolds number flow is reasonable in view of the small conductivities

and hydraulic gradients involved in geologic disposal systems. Porous

flow is reasonable for sandstone aquifers assumed to overlie bedded salt,

but for basalt and tuff flow through fractures is likely. Therefore, the

hydraulic conductivity has been adjusted for basalt and tuff to roughly

approximate fracture flow. Presumption of unidirectional flow in the

legs has been shown to lead to good agreement with complex multi-

dimensional models such as SWIFT (Ref. 7-1) for applications similar to

this one (Ref. 7-2 and 7-3).

The model also presumes that rock properties are invariant for the length

of an individual leg, so that properties such as permeability and

chemical retardation are constants. A radionuclide passing through an

actual unit is likely to encounter a spatially varying environment that

may affect its velocity. The constant properties of the leg specified in

the model therefore are spatial averages of estimates of the aquifer

properties, so that a radionuclide is modeled to traverse the leg in the

same length of time it would take to traverse the aquifer unit the leg
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represents. Further, the ranges of the properties considered below are

considered to encompass the changes in these properties that are

anticipated to occur along actual aquifer units.

Another simplification made by this model is that it does not account for
all of the effects of the neat released by the waste. The model does
account for thermal buoyancy effects on flow in leg 0, by adjusting the
pressure at point 2, the point where flow enters the underground
facility. The model does not account, however, for possible permeability
changes in the overlying host rock which might result from thermomechanical
effects. Finally, as applied here, the model does not deal with the specific
processes which cause canister failure or which affect radionuclide
release rates from the engineered barrier system. It therefore does not
deal with the uncertainties associated with early failure of containment
such as hydrothermal dissolution of waste forms or failure of the
backfill to retard radionuclides due to elevated temperatures or
radiation fluxes.

Clearly, the model described above is highly idealized, and the behavior

and models of an actual site will probably be much more complex. However,

it is the staff's view that the model is more than sufficient to

accomplish its purpose in this document. That is, the model provides

significant, realistic insight into the relationship between numerical

criteria and repository performance.

To implement this model, the NWFT/DVM code was used (Ref. 7-4 and 7-5),

which requires an extensive set of parameters as input data. These

parameters, whose selection reflects the assumptions mentioned above,

have been divided into two groups; the first is subject to relatively

little uncertainty, the second reflects many of the sources of

uncertainty discussed in Chapter V. The first, to be called fixed

parameters, are those quantities which define the system and which are

specified as point values. In an actual case these parameters would be

fixed by the geometry of the site and the properties of the fluid and
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waste which are relatively well known. These include the distances along

the legs shown in Figure 14, the cross-sectional area of the legs, fluid

properties such as density and viscosity, and waste properties such as

initial inventory and half-lives. The second group, to be called

variables, consists of parameters whose values are subject to

uncertainties which may span several orders of magnitude. These

parameters are not taken as point values in the calculation, but are

approximated by distributions. These variables include solubility and

retardation factors for individual radionuclides, and factors affecting

groundwater travel time, such as permeability and hydraulic gradients. In

addition, this group includes parameters for which numerical criteria

were established in the Proposed Technical Rule, such as containment time

by the waste packages and radionuclide release rates from the underground

facility, so that repository performance can be assessed as these

parameters vary over the given ranges.

Table 3 identifies the fixed parameters used by the model and the values

used in the analyses. Table 4 identifies the variables whose values are

approximated by distributions in the calculations, and gives the ranges

of those values used in these analyses.

Input Data for Routine Release Scenario

The point values for the fixed parameters shown in Table 3 reflect the

media and underground facility designs currently being given the most

emphasis by DOE. The dimensions of the underground facility which lead

to the areas of leg C and 0 and the length of leg C are taken from EPA's

granite reference repository (Ref. 7-6). The areas of legs A and B

are consistent with overlying aquifers for repositories located in basalt,

tuff, and salt (Ref. 7-7) and the length of leg B corresponds to the one

mile distance to the accessible
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TABLE 3. FIXED PARAMETERS FOR ROUTINE RELEASES IN
BASALT, TUFF, AND SALT

Description Value Units

Conductivity of leg C
Porosity of leg C
Pressure at point 1
Initial radionuclide inventory
Radionuclide half lives
water Density
Water Viscosity
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TABLE 4. Variables and their ranges. (For normal and lognormal
distributions, ranges are for .001 and .999 quantiles.)

505



10CFR60 Rationale

environment. The initial radionuclide inventory is taken from DOE's

projections for spent fuel (Ref. 7-8).

The variables which appear in Table 4 reflect many of the uncertainties

discussed at length in Chapter V. Uncertainties in geohydrology include

predictions of conductivities, porosities, hydraulic gradients and

dispersivities. These sources of uncertainty are accounted for in the

model by expressing these variables as distributions of values which span

the range of available data. Similarly, distributions of solubilities

and distribution coefficients (Kd's) are used in recognition of the

uncertainties involved in predicting these properties. Three

radionuclides, I, 14 C, and 99Tc, do not appear to be retarded

chemically, and are therefore presumed to move at the same speed as the

groundwater. This information was developed by Sandia National Laboratory

under contract to NRC through a review of the available data for

pertinent sites and rock formations (Ref. 7-7). These data are consistent

with conditions to be found in the media being investigated by DOE and

are considered appropriate for this modelling exercise. However, it is

recognized that a thorough analysis of a specific site might well make

use of additional or different data which would be more pertinent to that

particular site. The ranges and distributions for waste package life and

radionuclide release rate were selected to uniformly bound the numerical

values in the proposed rule.

Output From Routine Release Scenario

The effects of the variables whose uncertainties are modeled by the

distributions in Table 4 on repository performance were investigated by

repeatedly running NWFT/DVM using a standard statistical sampling

technique (Ref. 7-9, 7-10). In this statistical technique, a "case"

composed of 26 values, one for each of the variables in Table 4, was
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selected from within the ranges shown in the table. By selecting the

values at random and by running enough cases to investigate the entire

date range, the effects of each of the variables on repository

performance can be determined.

The effect of radionuclide release rate from the underground facility to

the host rock on the fraction of cases tested which meet the assumed

standard can be seen in Figure 15 for routine releases from basalt. In

this figure, release rates are varied along the horizontal axis and ground-

water travel times are varied along the vertical axis. It should be noted

that the release rates shown are limits which apply to all radionuclides for

a particular case; if the solubility for a particular nuclide for that case

was sufficiently low, that radionuclide might be released more slowly

than the release limit associated with that case. The lines plotted on

the figure are for constant fractions of cases tested which fail to meet

the assumed standard. For example, for a groundwater travel time of 1000

years and a release rate from the underground facility of about 1 part in

40,000 per year, the fraction of cases failing to meet the assumed standard

is 0.10 or 10%. Similarly, at a groundwater travel time of 100 years, the

release rate from the underground facility at which the fraction of cases

failing to meet the standard is 0.10 is about I part in 300,000 per year.

Enaineered Barrier System Release Rate Reauirement

Impact of Release Rate on Performance

Figures 16 and 17 are like Figure 15, but for bedded salt and non-

zeolitized tuff, rather than basalt. In interpreting all three figures it

is very important to note that the range of groundwater travel times in each

figure has been selected to illustrate the impact of the numerical value
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ROUTINE RELEASE
BASALT

Release Rate from
Underground Facility (1/yr)

Figure 15. Contours of constant fraction of cases failing
to comply with the assumed standard, as a
function of limiting release rate and travel
time. Medium is basalt.
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ROUTINE RELEASE
BEDDED SALT

Release Rate from
Underground Facility (l/yr)

Figure 16. Contours of constant fraction of cases falling
to comply with the assumed standard, as a
function of limiting release rate and travel
time. Medium is bedded salt.
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ROUTINE RELEASE
NON-ZEOLITIZED TUFF

Release Rate from
Underground Facility (1/yr)

Figure 17. Contours of constant fraction of cases failing
to comply with the assumed standard, as a
function of limiting release rate and travel
time. Medium is non-zeolitized tuff.
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of 1,000 years proposed in 10 CFR 60. The staff does not intend to imply
that this range is necessarily likely for an actual site. In particular,
the staff recognizes that the generally low permeability of salt may
result in longer groundwater travel times. Nevertheless, a routine
release scenario in salt is considered because of the uncertainties
discussed previously.

In Figures 15 and 16, it is seen that as the release rate from the repos-
itory decreases, the probability of failing to meet the assumed standard
decreases significantly for both basalt and bedded salt. It may also
be seen that there is a region in each figure in which the lines of
constant fractions of cases lie relatively close to each other. In these
regions, relatively small changes in release rate from the underground
facility or in groundwater travel time are observed to make relatively
large changes in the fraction of cases whose releases fail to comply with
the assumed standard. Outside these regions, changes in release rate from
the underground facility and in the groundwater travel time have less
impact, since they do not cause the lines of constant failure rate to be
crossed. (Although no fractions less than 0.10 are shown in the figure,
it is apparent that the largest gradients are near the lines shown.)

For basalt (Figure 15), decreasing release rates from the underground

facility from about 1 part in 5,000 per year to about 1 part in 50,000

per year reduces the fraction of cases failing to meet the assumed

standard from about 1.00 to 0.10, while for bedded salt (Figure 16)

reducing release rates from the underground facility to about 1 part in

100,000 per year is needed to achieve a fraction of failures below 0.10.

For these media, it is therefore quite advantageous to have a release

rate from the underground facility as low as about 1 part in 100,000 per

year, but there is little further improvement to be gained from a

substantially slower release rate, since this release rate results in

compliance with the assumed standard for most travel times.

On the other hand, inspection of Figure 17 reveals that for a repository

in the saturated zone in non-zeolitized tuff, the greatest improvement is

gained by having releases less than about 1 part in 1,000,000 per year.

This result is due to inferior geochemical retardation of uranium in non-

zeolitized tuff compared to basalt or bedded salt, consistent with the
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relatively lower range of Kd's for uranium in non-zeolitized tuff which
appears in Table 4. However, it is recognized that many tuffs are
zeolitized, with geochemical retardation properties substantially better
than non-zeolitized tuffs. Table 4-A consists of a comparison of the
retardation properties of zeolitized and non-zeolitized tuff aquifers
(Ref. 7-7). Figure 18 results from an analysis identical to that of

Table 4-A. Kd Ranges in Zeolitized and Non-Zeolitized Tuff Aquifers
(All distributions are lognormal)

Variable Range Range
Zeolitized Tuff Non-Zeolitized Tuff

Kd for Am (6.0E2, 9.5E3) (8.5E1, 3.6E2)
Kd for Pu (2.5E2, 2.0E3) (7.0E1, 4.5E2)
Kd for U (S.OEO, 1.5E1) (1.OE-2, 1.1E1)
Kd for Np (4.5E0, 3.1E1) (5.OEO, 7.OEO)
Kd for fission
products (2.9E2, 2.2E5) (1.2E2, 8.6E3)

Figure 17, except that the aquifer is presumed to be zeolitized, and for
that case, the behavior of a tuff repository is very much like those in
basalt and bedded salt. In Figure 17, reducing release rates from the
underground facility to about 1 part in 100,000 per year will achieve a
fraction of failures below 0.10. Figure 17 also demonstrates that the
impact of the rate of release of radionuclides from the engineered barrier
system is media specific. The staff does not intend to imply that at an
actual tuff site radionuclide transport must be through either zeolitized
or non-zeolitized tuff, but recognizes that both types of tuff are
likely to be traversed.

Alternatively, the influence of the engineered barrier release rate can
be evaluated by directly comparing releases from the engineered barriers
with the release limits of Table 2. Table 5 presents such a comparison
for a release rate of 10 per year following an initial 1000 year
containment period. The quantities released do not greatly exceed the
limits for any of the nuclides except Am and Pu. This table demonstrates
that a low release rate from the engineered barriers is able to
contribute substantially to overall repository performance, and may9 9
provide a very desirable degree of redundancy for nuclides such as Tc
which are unlikely to be controlled very effectively by the geologic
barriers.
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ROUTINE RELEASE
ZEOLITIZED TUFF

Figure 18.

Release Rate from
Underground Facility (l/yr)

Contours of constant fraction of cases
failing to comply with the assumed standard,
as a function of limiting release rate and
travel time. Medium is zeolitized tuff.
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Table 5. Effectiveness of 10 5 per year release
rate in complying with the EPA standard.

*Equal to 10 5 x values in column 1. Note
of total rate) meet the rule.

that release rates at or below 1.7 Ci/yr (0.1%

"*Release calculations based on inventory at 1000 years. In the absence of leaching, the
quantity of Ra-226 would increase to 1.22E4 Ci per 100.000 MTHN at 10,000 years.

***The proposed EPA standard published in the Federal Register revised the Tc-99 release
limit to 1,000,000 Ci/100,000 MTHM. The corresponding ratio of total release to the
EPA limit would be 0.13. This change has no impact on the overall conclusions regarding
the effectiveness of a 10 per year release rate in complying with the EPA standard. Se
Appendix A for further discussion.
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Achievability

As stated in the proposed rule, "Proof of the future performance of

engineered systems and geologic media over time periods of a thousand or

many thousands of years is not to be had in the ordinary sense of the
word." Demonstration of compliance with any of the performance
objectives will be accomplished through extrapolations and data using

physical models based on accelerated tests and natural analogs which are
subject to uncertainties. These uncertainties can only be expressed as a

statement of reliability or probability that the criterion w ll be
achieved. To require absolute assurance of exact numerical compliance is

neither reasonable nor intended. Rather the quantity and quality of the

data and the methods will be carefully reviewed as part of the licensing

process.

While DOE has not proposed a particular design to control releases from
the engineered barrier system, considerable research and development has

been devoted to the subject. The NRC staff has been following DOE's
technology development program closely, and has been assessing the
uncertainties associated with achieving a release rate of 1 part in

100,000 per year.

Brookhaven National Laboratory (Ref. 7-11) has concluded that the

criterion is readily achievable, and in some cases exceeded, using
borosilicate glass encased in non-radioactive glass.

Savannah River Laboratories consider that this requirement can be met by

either of their waste forms currently receiving most attention, boro-

silicate glass or SYNROC (Ref. 7-12). The Department of the Interior in

its comments on the proposed rule supported the achievability of this

criterion by means of a succession of barriers at low temperature
conditions (Ref. 7-13).

Nowak considers that a one-foot-thick backfill barrier around the waste

can delay breakthrough of most fission products for 1000 to 10,000 years,

and the breakthrough of transuranics for substantially longer (Ref.

7-14). Smith, Salter and Jacobs suggest that, for the case of Hanford

basalts, low solubility alone may limit releases from the underground

facility to very low levels (Ref. 7-15). Therefore, having reconsidered

the matter, the staff continues to conclude that the requirement to limit

the release rate from the engineered system to 1 part in 100,000 per year

at 1000 years is reasonably achievable, particularly in view of the

Commission's statement that absolute proof of Compliance is not required.
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The staff also notes that in proceeding from the proposed rule to the final
rule the performance objectives have been stated with significantly more
flexibility. The staff recognizes that a limit on the rate at which
wastes can be released will depend on such factors as the nature of the
waste, the properties of the geologic setting, and the uncertainties
associated with all aspects of geologic disposal. Proper consideration
of such factors must be a part of any requirement on release rates from
the engineered barrier system.

Geologic Setting Groundwater Travel Time Requirement

Imnact of Travel Time Requirement on Performance

Figures 15 and 16 also show the effect of groundwater travel time on the

fraction of cases whose results fail to comply with the assumed

standard for basalt and bedded salt. In each figure, groundwater travel

times of several hundred years are required to reduce the fraction of

cases which fail to 0.10 or less, without simultaneously requiring

excessively low release rates from the underground facility. It is also

seen that groundwater travel times approaching 10,000 years are needed to

reach the region where rapid release rates from the engineered barrier

system such as 1 part in 5,000 per year and faster can be tolerated.

(This is intuitively reasonable since the model assesses repository

performance over a 10,000 year interval and a 10.000 year groundwater

travel time would prevent radionuclides from reaching the accessible

environment during that time.)

It has already been demonstrated that a release rate from the underground

facility of 1 part in 100,000 per year is appropriate, and a nominal

groundwater travel time requirement should be consistent with it. Such a

value could lie between several hundred and several thousand years for

basalt and bedded salt, and a value of 1,000 years, in conjunction with

reasonably achievable leach rates, can significantly increase confidence

that the assumed EPA standard will be met.
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Figure 17 shows that a groundwater travel time of more than 6,000 years

is needed to achieve reasonably low repository failure rates in tuff if the

release rate from the underground facility is 1 part in 100,000 per year

and if the aquifer is non-zeolitized. As shown in Figure 18 and as noted

in the discussion of the release rate criterion, this result is improved

if the aquifer is assumed to be zeolitized, in which case a groundwater

travel time of 1,000 years can significantly increase confidence that

the assumed EPA standard will be met.

Achievability

The NRC staff has estimated the time necessary for groundwater to travel

one mile from the underground facility. Using data from Table 4, the

staff evaluated the fraction of these travel times which exceeded 1,000

years. Those fractions are 0.67 for basalt, 0.93 for bedded salt, and

0.98 for welded tuff. While the permeability and hydraulic gradient data

(from Table 4) used in these analyses are not intended to represent a

particular site, it is considered that these data are representative of

conditions likely to be found in these media.

Further, Battelle has modeled the Hanford site, and reports (Ref. 7-16)

that the average distance which groundwater travels from the underground

facility in 10,000 years is 5,600 feet, (less than 1.1 miles). Rockwell
has also modelled the Hanford site, and shows how far groundwater travels

in 100,000 year increments (Ref. 7-17). According to this report, after

800,000 years, the groundwater has moved less than 5 kilometers (about 3

miles) from the underground facility.

The staff considers that these results provide significant support for

the achievability of a minimum groundwater travel time requirement of

1,000 years between the disturbed zone and an accessible environment

which is located up to 10 kilometers away.

Conclusion

A 1000 year groundwater travel time can be of significant value in

providing reasonable assurance that the assumed standard can be met

without placing an undue reliance on the ability of the underground

facility to minimize release rates, and is readily achievable.

Further, the 1000 year groundwater travel time requirement is an

essential component of the defense-in-depth concept as applied to waste

disposal. This requirement constitutes a quantifiable criterion for the

geologic setting to meet, in contrast to the remainder of the siting

criteria for which compliance will be determined by expert judgement.

The 1000 year groundwater travel time requirement thus constitutes an

invaluable measure of the quality of the geologic setting.
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The staff again notes that performance objectives have been stated with
significantly more flexibility in the final rule than in the proposed
rule. The staff recognizes that a minimal groundwater travel time will
depend on such factors as the age and nature of the waste, the design of
the engineered system, the properties of the geologic setting, and the
uncertainties associated with all aspects of geologic disposal. Proper
consideration of such factors must be a part of any minimal groundwater
travel time requirement.

Engineered Barrier System Containment Time Requirement

Impact of Containment Time on Performance

The impact of a containment interval on repository performance is
discussed from a different perspective than criteria on release rates
from the engineered barrier system or groundwater travel time. Use of a
long lived package to achieve containment is a means to compensate for,
and to an extent avoid, uncertainties in the prediction of rates of
release and migration of the individual radionuclides, particularly
during the critical period when the hazard of the wastes is greatest and
the heat generation rates are the highest. These uncertainties have been
discussed in Chapter V, but for convenience, they are briefly reviewed
below.

Temperature is one of the principal factors in calculating what the

source term to the geologic setting is. During the initial period the
uncertainties in predicting release rates for long times are very great.

Even if we did understand the mechanisms completely, the data scatter
increases with temperature so that test programs to gather the data to
narrow the uncertainties to reasonable bounds are very cumbersome
(Ref.7-18).

Additional uncertainties due to thermal effects influence radionuclide

transport following release. Thermally induced convection near the

underground facility may occur and may transport radionuclides in

unanticipated ways. Thermomechanical effects may create pathways for

groundwater to travel through the host rock in the disturbed zone. By

containing the wastes until the repository temperatures have peaked and

are spatially relatively uniform, much of the uncertainty associated with

these effects can be avoided.
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A further source of uncertainty arises from the large number of different
fission product radionuclides, each of which has a variety of
solubilities and retardation factors. The latter uncertainties recall

Chapter II and the Untreated Dilution Indices appearing in Figures 10,

11, and 12. By containing the wastes until the fission products are
nearly depleted, these uncertainties can be greatly reduced.

In order to determine a nominal containment time requirement which can be

expected to reduce these sources of uncertainty, it is necessary to

consider how fission product inventories and near-field temperatures
change as a function of time. Fission product inventories and their
changes appear in Figures 1 through 12, and have the same general

characteristic in each figure. It is seen in Figures 4, 5, and 8. that

the rate at which total heat is generated by the waste decreases so that
at least a 99% reduction in heat generation rate occurs within the first
few hundred years for each of the waste types. Repository temperatures
may have peaked and become spatially relatively uniform by this time, or

may require additional time, depending on parameters such as the thermal
properties of the host rock and the design of the engineered barrier
system. As seen in Figures 7 through 12, the toxicity of the fission
products decreases by more than five orders of magnitude during the first

1,000 years and then remains essentially constant for the next 100,000

years. Thus, to a large extent. the uncertainties introduced by the heat
generation rate and the fission product contributions to hazard can be
compensated for by containment times in the range or several hundred to
1,000 years. However, the staff recognizes that the interval during
which wastes should be contained will depend on such factors as the age

and nature of the waste, the design of the engineered system, the
properties of the geologic setting, and the uncertainties associated with

all aspects of geologic disposal. Proper consideration for such factors

must be a part of any containment requirement. Therefore, by compensating
for several of the principal sources of uncertainty in assessing
repository performance, a containment time of several hundred to 1,000

years is appropriate to contribute to reasonable assurance that the EPA

standard, as it pertains to anticipated processes and events, can be
satisfied.

Achievability of Containment Requirement

As expressed more generally in the discussion of the achievability of

release rates, the staff does not intend that the containment time
requirement be achieved absolutely for all of the waste (i.e., absolute

proof of zero release for 1000 years is not required). It is expected
that containment of the waste will be substantially complete, with

releases during the containment time limited to a small fraction of the

inventory present. What is intended is that the waste package design
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have a high reliability, taking into account anticipated processes and

events that could affect package performance. It is realized that a

small fraction of the approximately 100,000 packages will be breached

before 1000 years due to variations in materials. manufacturing

processes, etc. that can only be estimated using statistical procedures.

Similarly, a significant fraction of the packages may remain intact for

much longer than 1000 years.

There has been considerable emphasis in the DOE program over the last

several years on the research and development needed to design a long

lived waste package. NRC has, in its own program, been reviewing DOE's

R&D and has been performing assessments of the uncertainties involved in
designing a waste package that could reasonably be expected to contain

waste for 1000 years.

Brookhaven National Laboratory (Ref. 7-11) states that a multilayered

metal container can provide containment for 1.000 years, as can carbon

coated particles and high silica glass coated waste forms. Westinghouse

has developed for DOE conceptual designs for titanium clad and

self-shielded cast steel and cast iron containers which they consider

will contain wastes for 1,000 years in basalt (Ref. 7-19). A report

for the Electric Power Research Institute describes a container capable

of retaining its integrity for 13,000 years (Ref. 7-20). While DOE has

not yet proposed a waste package design, the NRC staff considers that

the concepts being considered have promise and that a design objective

for containment by the waste package of 1000 years is reasonable.
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Combined Performance Objectives For The Routine Release Scenario

Impact of the Proposed NRC Requirements

The combined impact of all three performance objectives for the case of

the routine release scenario in basalt is shown in Figure 19. Like

Figures 15 through 18, Figure 19 results from repeatedly running NWFT/DVM

using a standard statistical sampling technique (Ref. 7-10). However, in

the analyses leading to Figure 19, groundwater travel-times were not

limited to those shown in the preceeding figures, but took the values

naturally resulting from the distributions of gradients and permeabilities

appearing in Table 4. In this figure, the horizontal axis displays ratios

of releases of radionuclides determined by NWFT/DVM to the releases

permitted by the assumed EPA standard for routine releases described on

page 49 and Table 2. The vertical axis displays the fraction of cases in

the sample which exceed the value appearing on the horizontal axis. The

figure displays results for the unrestricted cases, whose variables span

the entire data ranges in Table 4 regardless of whether or not they

satisfy the 10 CFR 60 criteria, and the results for all cases which are

in compliance with 10 CFR 60. It may be seen that for a given frequency

of releases, the consequences associated with that frequency decrease by

two to three orders of magnitude. For example, in the unrestricted case

there is about a 0.05 or 5% probability of exceeding the assumed standard

by a factor of 10. However, for the case of a repository which complies

with 10 CFR 60, the probability of about 0.05 or 5% is associated with

releases of about 1/30 of the assumed standard, an improvement by a factor

of 300. Likewise, about the worst 1% or 2% of the unrestricted cases result

in releases exceeding the assumed standard by a factor of about 200, but

the worst 1% or 2% of the restricted cases result in releases of about 15%

of the assumed standard, an improvement by a factor of more than 1,000.

Figures 20 and 21 contain similar results for bedded salt and non-zeolitized

tuff, respectively. In each case, the releases resulting from about the worst
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Ratio of Releases to Those Permitted
by the Assumed EPA Standard

Figure 19. Relationship Between Releases From
a Geologic Repository and the
Probability of Those Releases for
the Routine Release Scenario for
Basalt.
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Ratio of Releases to Those Permitted
by the Assumed EPA Standard

Figure 20. Relationship Between Releases From
a Geologic Repository and the
Probability of Those Releases for
the Routine Release Scenario for
Bedded Salt.
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Ratio of Releases to Those Permitted
by the Assumed EPA Standard

Figure 21. Relationship Between Releases From
a Geologic Repository and the
Probability of Those Releases for
the Routine Release Scenario for
Non-Zeolitized Tuff.
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1% or 2% of the cases tested are reduced by about a factor of 50 and are

brought within the release limits permitted by the assumed standard.

A comparison of Figures 17 and 21, for non-zeolitized tuff, raises the point

that in Figure 17, compliance with the release rate and groundwater travel

time values still permits about a 90% probability of repository failure to

meet the assumed standard, but Figure 21 indicates that similar compliance

will result in a near-zero probability of failure. These figures are

consistent, because the permeability and hydraulic gradient data for tuff

which appear in Table 4 generally result in long groundwater travel times,

and the entire range of these data was used to arrive at Figure 21. Thus,

for non-zeolitized tuff, the relatively low geochemical retardation of

uranium compared to other media, which was discussed in connection with

Figure 17, is compensated for by relatively long groundwater travel times.

Therefore, in Figure 21, both the unrestricted case and the case in

compliance with 10 CFR 60 have sample points with groundwater travel

times which generally exceed thousands of years, and therefore result in

releases to the accessible environment below the assumed standard.

In summary, for a routine release scenario in basalt, bedded salt, and non-

zeolitized tuff, for the variable ranges tested, the consequences' associated

with various probabilities of releases are reduced by between a factor

of 50 and a factor of 1,000 by complying with the performance objectives

in 10 CFR 60. The staff considers that these improvements demonstrate

that compliance with 10 CFR 60 can substantially increase confidence

that the assumed EPA standard will be met.

VIII IMPACT OF NUMERICAL REQUIREMENTS ON UNANTICIPATED EVENTS

In the previous chapter we showed how meeting the controlled release rate

of 1 part in 100,000 per year and minimum groundwater travel time of 1000

years to the accessible environment contributed to meeting the assumed
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HLW standard. We also discussed how requiring containment of the wastes

within the waste package substantially contributed to confidence that the

assumed standard would be met. In this chapter we show how the numerical

requirements, if met, would limit the consequences of a failure of a

portion of the repository system (the natural barriers). We present this

chapter by way of illustration only. We have made no estimate of the

probability of such events actually occuring. Estimates of the

likelihood of a low probability geologic event that could disrupt the

repository can only be made on the basis of the geologic record for a

particular site, and even then will involve considerable uncertainty.

However, we illustrate how the numerical requirements for the individual

barriers mitigate the consequences of failure of the natural barriers

with respect to the assumed EPA standard as it applies to unanticipated

processes and events.

1. FAULTING SCENARIO

There are plausible scenarios in which the geologic barrier is breached.

One such scenario assumes a fault through the underground facility,

extending through an overlying aquifer. We assume that the fault offers

no hydrologic resistance to vertical flow to the overlying aquifer, which

carries the contaminant to the accessible environment. However, we

assume that the fault does not breach any waste packages and does not

influence the release rate from the engineered barrier system.

The code used to evaluate this scenario is the same NWFT/DVM code that

was used in the routine release scenario. In this case leg 0 has been

modified to simulate the result of the fault described above by assuming

infinite permeability and a zero retardation factor. The variable ranges

for the fluid parameters are those for basalt shown in Table 4 of Chapter
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VII. Figure 22 shows the flow model for this scenario, and Table 3 shows

the fixed parameters selected. The time of the occurrence of the fault

was a random variable distributed uniformly over the 10,000 years.

Conclusions

Figure 23 shows the fraction of outcomes of the faulting scenario

exceeding various multiples of the assumed EPA standard. Results are

displayed both for repositories which meet the numerical criteria

associated with the engineered barrier system and for repositories whose

containment interval and release rates span the ranges for these

variables shown in Table 4. The staff has not attempted to establish a

standard for releases for this scenario. However, for comparison

purposes, it may be seen that for an unrestricted repository, the 20 per

cent of the cases whose releases are highest result in releases from about

1,000 to 15,000 times those permitted by the assumed standard. For a

repository which complies with 10 CFR 60, the 20 per cent of the cases

whose releases are highest result in releases from about 30 to 450 times

those permitted by the assumed standard. Clearly, for this scenario,

controlling the rate of release of radionuclides to the geologic setting

does have the effect of limiting consequences.

2. Borehole Scenario

We have re-examined the human intrusion question in light of the public

comment on the proposed technical criteria. We make no assumption with

respect to the question of whether small-scale unintentional intrusion

may warrant examination at the time of licensing, and, therefore, may be

appropriate for inclusion in the safety analysis report to be prepared by

DOE as part of a license application. Nevertheless, in this section we
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AQUIFER EQUIVALENT

FIGURE 22. FLOW MODEL FOR FAULT SCENARIO
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Ratio of releases to those permitted
by the assumed standard

Figure 23. Relationship between releases in the fault scenario
and probability of those releases.
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examine the consequences of a small scale intrusion scenario which

assumes a borehole penetration into the underground facility as an

example of such small-scale intrusion, and examine the consequences. The

model for this scenario appears in Figure 24. As in the preceeding

scenarios, groundwater is presumed to resaturate the repository shortly

after closure and to initiate deterioration of the waste packages. The

eventual breach of the packages releases radionuclides to the underground

facility, and in time, to the geologic setting. The time when the

borehole is drilled is distributed uniformly between 100 and 10,000 years

after repository closure. Release occurs by the bulk removal of

contaminated water during the drilling process. A volume of 200 m (7058

ft3 ) of water from the underground facility is assumed to mix with the

drilling fluid and to be brought to the surface. (Ref 8-1). The

concentrations of radionuclides in the groundwater in the repository

determine the quantity of each nuclide brought to the surface (the

accessible environment). If a larger quantity of contaminated water were

brought to the surface, or if more frequent small-scale intrusions were

considered credible, the consequences would be proportionately greater.

Figure 25 illustrates the effect this small-scale intrusion in terms of

consequence relative to the assumed standard of Chapter VII. We note

that under the assumptions of this scenario, small-scale intrusion of

this type is mitigated by the engineered barriers already required to

meet the assumed EPA standard as it applies to routine releases.

IX RETRIEVABILITY

In its licensing procedures for disposal of high-level radioactive waste

in geologic repositories. the NRC has adopted a step-by-step approach

that consists of four principal stages:
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Ratio of releases to those permitted
by the assumed standard

Figure 25. Relationship between releases in the borehole
scenario and probability of those releases.
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(1) Site characterization, during which detailed studies of alternative

candidate sites are conducted before selection of one of the sites

for development as a repository.

(2) Construction authorization; during which NRC reviews a license

application that contains a detailed design and an analysis of the

performance of the repository based on the site specific information

obtained during a site characterization.

(3) License to receive wastes, when the application is reviewed again

prior to operation. At this time, the repository design and

performance assessment are updated in light of new information

obtained about the site during construction of the repository.

(4) Permanent closure, at which time an application to terminate

operations and seal the repository is submitted. The application

will again contain updated analyses of the performance of the

repository in light of: (1) information obtained about the site

during the operation of the repository; and (2) data collected about

the performance of the engineered barrier system to verify that

performance can be expected to be within design limits.

At the permanent closure stage, the Commission will determine whether the

DOE's performance confirmation program demonstrates that the repository

can be expected to work as planned. Here performance confirmation means

the program of tests, experiments, and analyses which is conducted to

evaluate the accuracy and adequacy of the information used to determine

reasonable assurance that the performance objectives for the period after

permanent closure can be met. Commission's intent in separating the

license application and permanent closure decisions was to be able,

following emplacement of the waste, to obtain further information
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concerning the workability of the repository and to use this information

in making its final decision on the acceptability of permanent closure.

The retrievability option provides the capability to implement this

regulatory approach.

The NRC staff therefore considers that the option to retrieve the wastes

must be preserved long enough to complete a program of monitoring and

verification of repository performance. The design must also ensure that

the option is preserved long enough to permit a decision to permanently

close the repository or take any corrective actions shown to be necessary

by the verification and monitoring program. Since some of the

assumptions and issues that will need to be verified and resolved by the

monitoring program may not be identified until the underground facility

is excavated, it is not possible to specify prior to construction the

complete content of the verification program or how long it will take.

We expect the verification program to evolve throughout the operating

lifetime of the repository.

On the other hand, important design decisions will need to be made before

submitting an application. Some of these design decisions will affect

the length of time available to take corrective action or conduct

retrieval, if found to be necessary. For example, the thermal loading of

the waste in the emplacement areas will affect the temperature of the

host rock and the stability of the underground structure. These factors

will have a large effect on the ability to retrieve the wastes, since the

structure could become too unstable or the rocks too hot to safely

recover the wastes. Therefore the staff concluded that a retrievability

period must be chosen early in the design process to permit the design to

go forward, and a retrievability requirement was included in the proposed

technical criteria.
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For the licensing procedures to be workable, the staff considers that the

option to retrieve should be preserved for the time necessary to emplace

all of the wastes, complete a performance confirmation program, arrive at

a decision as to whether retrieval must be undertaken, and execute

retrieval, if found to be necessary. The design for retrievability

should encompass all of these considerations.

Present estimates of the time to be devoted to the operation of the

repository are 25 to 30 years (Ref. 9-1, 9-2). Performance confirmation

programs have been suggested which require a variety of periods to

complete. For example, some proposed hydro-thermomechanical studies (Ref.

9-3) will require 8 years to complete. Alternatively, performance

confirmation may require approaching maximum temperatures in the host

rock near the waste package. Reaching these temperatures will require up

to 10 years for reprocessed high level waste and 20 to 25 years for spent

fuel depending on the geologic medium, according to the DOE Final GEIS

(Ref. 9-4). For some media and conceptual repository designs more than

25 years may be required according to TM-36 (Ref. 9-5). While the

appropriate length of such a program will be site and design specific,

the above estimates suggest that a program extending through the period

waste is being emplaced is not unreasonable.

Clearly, such a program should be initiated as early in the operational

phase as practicable, both to provide guidance during operations and to

ensure that completion of the program does not delay closure. However,

common sense dictates that the option to modify or to initiate a new

phase of a performance confirmation program late in the operational phase

should be maintained to be able to respond to variability in the host

rock or to technological developments which lead to engineering changes.

The capacity to keep the repository open for 10 to 15 years after the

operational phase if needed is therefore advisable.
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Adding the time needed for the operational phase to the time needed to

provide the options discussed above results in a total interval of around

35 to 45 years.

Therefore, we have concluded that the repository should be designed so

that the waste could be retrieved on a reasonable schedule starting at

any time up to 50 years after waste emplacement is initiated. We

consider a reasonable schedule to be one in which the waste could be

retrieved in the same overall time that the repository was constructed

and wastes were emplaced We do not intend to preclude a decision to

permanently close the repository before 50 years has elapsed, if

sufficient data are available to support an earlier decision, and if the

people charged with the decision to seal the repository are satisfied.

However, we do not want the underground facility design to be such that

retrieval would be so expensive or difficult or entail such high

occupational exposures that the option is foreclosed and needed

corrective actions could not be taken.

As discussed earlier, the staff recognizes that site and design specific

factors will strongly influence selection of the design for

retrievability. The performance objective has therefore been expressed to

permit flexibility to take these factors into account during licensing.

Maintaining the option to retrieve the wastes does not entail keeping the

mined areas open, although DOE may choose to do so in some geologic

media. A design in which the emplacement rooms are backfilled and

sealed, but corridors and shafts are kept open and surface handling

facilities are maintained could be acceptable, provided that the rooms

could be remined and the wastes removed, if necessary. Remining of the

backfill should not be precluded because of high temperatures or because

it was needed for structural stability. Trade-offs between keeping rooms
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open and ventilated, backfilling, and areal heat densities are design

options that DOE must consider in meeting this requirement. Both the

proposed and final rules do not require that retrieval be essentially the

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

the public health and safety would require the waste to be removed very

rapidly.

Rather, we envision that if, as the result of years of data collection

and analysis, a decision is made that the site or design is not adequate

to isolate the wastes for the long term, corrective actions could be

taken. These actions could be performed over a period of years or decades

without an imminent health and safety hazard. Therefore, the final rule

requires that if a decision to retrieve is made, the design should be

such that the inventory of wastes could be removed in about the same

number of years in which it was emplaced. We intend for DOE to have

considerable flexibility in the design of the repository in meeting these

requirements.

A repository designed to permit retrieval of the waste has advantages in

addition to the limiting case of preserving a Commission option to order

abandonment of the site at as late a stage as permanent closure. From the

time waste emplacement starts until permanent closure any of a variety of

eventualities may require corrective action. Examples might include

repair or replacement of canisters that prove to have manufacturing

defects, changes to more effective backfill, or perhaps installation of

additional barriers in the exits. Design of the repository for

retrievability of the waste assures that it will remain practical to take

corrective actions should they become necessary.
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RATIONALE FOR THE PERFORMANCE OBJECTIVES IN 10 CFR PART 60

APPENDIX A - IMPACT OF PROPOSED EPA STANDARD (40 CFR PART 191)

On December 29, 1982, the Environmental Protection Agency published its

proposed Environmental Standards for the Management and Disposal of

Spent Nuclear Fuel. High-Level and Transuranic Radioactive Wastes (Ref.

A-1). The proposed standards contain environmental standards for

management and storage (Subpart A) and environmental standards for

disposal (Subpart B), which are further partitioned into containment,

assurance, and procedural requirements. The containment requirements,

along with related definitions, are comparable to Draft No. 19 of the

Standard, and are the subject of this appendix.

The containment requirements (§191.13) and definitions (§191.12) of the

proposed standards differ from Draft No. 19 as follows.

1) The definition of 'Underground Sources of Drinking Water' has

been deleted.

2) Defintions of 'Groundwater', 'Lithcsphere', 'Active

Institutional Controls' and 'Passive Institutional Controls'

have been added.

3) In the definition of 'Performance Assessment' the following

sentences have been deleted:

"The [Performance Assessment] analysis should address the

uncertainties in the estimates. To provide reasonable

confidence in the results, the analysis shall be subjected to
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peer review by technically competent individuals independent of

the organization preparing the assessment."

4) The first paragraph of §191.13 has been deleted. This paragraph

read:

"(a) Disposal systems shall be designed to comply with the

projected performance requirements of this section [191.13].

These requirements are upper limits. In accordance with

Appendix A [Table 2 of the proposed version], the implementing

agency should establish design objectives which will reduce

releases as far below these limits as reasonably achievable."

5) In the second paragraph in §191.13, reproduced below, the

lined-out phrase has been deleted.

"(b) Disposal systems for high-level or transuranic wastes

shall be designed to provide a reasonable expectation, based

upon-quantitative-performance-assessments, that for 10,000

years after disposal:"

6) The definition of accessible environment has been changed so

that the distance from the original location of the radioactive

wastes to the accessible environment, which was 1 mile in Draft

No. 19, is 10 kilometers in the proposed standard.

7) The release limit for technetium-99 which appears in Table A of

Draft 19 was increased from 2,000 to 10,000 curies in the

corresponding table (Table 2) of the proposed version of the

standard.

550



10CFR60 Rationale, Appendix A

Only the latter two of the above changes, Items 6 and 7, could have any

effect upon the calculations and, hence, the conclusions of the analysis

upon which the Rationale document is based. In particular, potentially

affected calculations (and conclusions) involve Figures 15-21, 23, and 25

and Table 5 in Chapters VII and VIII. Therefore, these calculations were

redone, reflecting these two differences, and results compared with the

earlier calculations, as discussed below. For ease in comparison, Figures

15A-21A, 23A, and 25A, based on the proposed standard, are presented

side-by-side with the corresponding figures based on Draft No. 19.

Figures 15 and 15-A contrast the results, assuming anticipated processes

and events, for a geologic repository in basalt, using Draft No. 19 and

the proposed standard as the performance measure, respectively.

Comparison of the two figures leads to the conclusion that the

differences between the results of Draft No. 19 and proposed standard

calculations are negligible and do not change the validity of the

conclusion based on the Draft No. 19 calculations. The same result and

conclusion obtain for the geologic repository in non-zeolitized tuff,

Figures 17 and 17-A.

Figures 16 and 16-A contrast the results, assuming anticipated processes

and events, for a bedded salt repository, while Figures 18 and 18-A treat

a geologic repository in zeolitized tuff. A change in the repository

system is found as a result of the changes in the EPA standard. For

example, in both media, for a groundwater travel time of 1,000 years, to

achieve a fraction of failures below 0.10, it is necessary to reduce

release rates from the underground facility to about 1 part in 100,000

per year if Draft No. 19 is assumed to be the standard, while the same

fraction of failures can be achieved with a release rate from the

underground facility as high as about 1 part in 40,000 if the proposed

version of the standard is assumed, a difference of about 2 - 21/2 or less.
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Given the two to four order of magnitude range of the variables and

results, the staff does not consider that a factor of 2 - 21/2 difference

constitutes a basis for altering the conclusions in the rationale

document.

Figures 19 and 19-A contrast the results, assuming anticipated processes

and events, of the relationship between releases and the probability of

those releases for a geologic repository in basalt, using Draft No. 19

and proposed standard assumptions, respectively. Comparison of the two

figures leads to a conclusion that the differences between Draft No. 19

and proposed standard calculations are negligible for the range of

conditions considered in this case and do not change the validity of the

conclusion based on the Draft No. 19 calculations. Similar results and

conclusions obtain for a geologic repository in bedded salt, Figures 20

and 20-A.

Comparison of the respective figures for non-zeolitized tuff, Figures 21

and 21-A, however, shows a significant difference in performance with

respect to the two standards being considered. These differences arise

out of the different distances to the accessible environment which are

reflected in different lengths of the horizontal leg in the model. In

the tuff model, the horizontal leg makes a major contribution to

isolation; by increasing its length, the performance of the repository

can be significantly improved. The proposed standard establishes a

distance to the accessible environment of 10 kilometers, whereas Draft

No. 19 set a distance of 1 mile, a difference of about a factor of 6. It

is important to note, however, that in both figures, compliance with 10

CFR Part 60 reduces the releases resulting from about the worst 1% or 2%

of the cases by a factor of about 50 to 100. Thus the results for

non-zeolitized tuff for both Draft No. 19 and the proposed standard

demonstrate the contribution of the multi-barrier approach of 10 CFR Part
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60 to confidence in meeting an EPA standard.

However, if this kind of result were to occur at a real site, it could

support a decision to take advantage of the flexibility provisions in the

performance objectives. Since the proposed final version of 10 CFR Part

60 allows DOE to consider 'up to 10 kilometers' to be within the

controlled area, the Commission could use such a result as part of a

basis for approving some other performance requirements for particular

barriers.

Figures 23 and 23-A contrast the results for the fault scenario in basalt

for the Draft 19 and proposed versions of the standard. For both the

unrestricted case and for a repository in compliance with 10 CFR Part 60,

the differences between Draft No. 19 and the proposed standard cause the

releases associated with a particular probability of those releases to be

reduced by about 10% to 20 %. The relative impact of 10 CFR Part 60 on

limiting the consequences of this scenario is not significantly affected.

Figures 25 and 25-A display the consequences of the borehole scenario.

Comparison of the two figures again leads to the conclusion that the

differences in performance, based on the ranges of parameters considered

by the staff, between Draft No. 19 and proposed standard calculations are

negligible and do not change the validity of the conclusion based on the

Draft No. 19 calculations.

The change to Table 5 is minor and is discussed in a footnote to that

table where it appears in the Rationale.

In summary, the staff concludes that the differences which result from

the changes to the EPA Standard do not form a basis for altering the

conclusions in the Rationale.
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Figures 15 and 15A. Contours of constant fraction of cases failing to
Comply with the assumed standard, as a function of
limiting release rate and travel time. Medium is
basalt. Figure 15 assumes Draft 19 of the EPA
standard; Figure 15A assumes the proposed version.



Figures 16 and 16A. Contours of constant fraction of cases failing to
comply with the assumed standard, as a function of
limiting release rate and travel time. Medium is
bedded salt. Figure 16 assumes Draft 19 of the
EPA standard; Figure 16A assumes the proposed
version.



Figures 17 and 17A. Contours of constant fraction of cases failing to
comply with the assumed standard, as a function
of limiting release rate and travel time. Medium
is non-zeolitized tuff. Figure 17 assumes Draft 19
of the EPA standard; Figure 17A assumes the proposed
version.



Figures 18 and 18A. Contours of constant fraction of cases failing to
comply with the assumed standard, as a function of
limiting release rate and travel time. Medium is
zeolitized tuff. Figure 18 assumes Draft 19 of the
EPA standard; Figure 18A assumes the proposed version.



Figures 19 and 19A. Relationship between releases from a geologic repository
and the probability of those releases for the routine
scenario for basalt. Figure 19 assumes Draft 19 of the
EPA standard; Figure 19A assumes the proposed version.



Figures 20 and 20A. Relationship between releases from a geologic
repository and the probability of those releases
for the routine release scenario for bedded salt.
Figure 20 assumes Draft 19 of the EPA standard;
Figure 20A assumes the proposed version.



Figures 21 and 21A. Relationship between releases from a geo1ogic
repository and the probability of those releases
for the routine release scenario for non-
zeolitized tuff. Figure 21 assumes Draft 19 of
the EPA standard; Figure 21A assumes the proposed
version.



Figures 23 and 23A. Relationship between releases in the fault scenario
and probability of those releases. Figure 23 assumes
Draft 19 of the EPA standard; Figure 23A assumes the
proposed version.



Figures 25 and 25A. Relationship between releases In the borehole scenario
and probability of those releases. Figure 25 assumes
Draft 19 of the EPA standard; Figure 25A assures the
proposed version.
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SecretaryNuclear Regulatory Commission
Attention: Docketing & Service Branch

Washington, DC 20555

Re: Proposed Rule, 10 CFR Part 60.
Disposal of HLW in Geologic Repositories

Dear Sir/Madam:

Thank you for this opportunity to comment on the proposed rule concerning
HLW disposal in geologic repositories, published in the July 8 Federal Register
KACo appreciates the effort which NRC put into the development of these
lations, and our comments here are meants to assist the Commission in
a final rule that is adequate to protect the public and environment.

The essence, of course, in creating an adequate rule in this recard, is
gaining the recognition that our tectnical and institutional inabilities it
deal with disposal of HLW, over the term of 1,000 years and beyond, are very
real constraints. Because of those natural constraints the procedures and
standards present in this kind of rule must offer a kind of automatic protect
tion--one that will work and exist on its own, independent a particular
government regulatory structure or a complex technical system or mechanism.
in simpler terms, once established, depositories should run themselves.
The combination of design/prescriptive and performance standards should be
constructed toward that end.

The following comments are organized in the order in which the
appropriate section appears in the proposed rule.

60.2 - It should be noted, in the definition of floodplain, that this
is means to encompass the commonly termed 100 year flood."

60.21 - A paragraph should be included which requires the application
to reflect the nature, extent, and proximity of current population centers
to the proposed site. (See Comment on 60.123.)

60.51 To assure complete recording of the location of the
repository, the wording of this section should be changed by adding, after
"archives" in line 4, "and record systems." and insecting state after
the word "local" in line 5.



July 28, 1981
Re: Proposed Rule, 10 CFR Part 60

Disposal of HLW in Geologic Repositories

federal agencies involved and the appropriate state and local governments
should be regularized by a statement to that effect in this (and other)
rule(s).

Once again, NACo appreciates the opportunity to comment on this proposed
rulemaking. We hope we have been of assistance.

Sincerely,

Director
Solid/Hazardous Waste Project

August 4. 1981

Secretary of the Nuclear
Regulatory Commission

Washington, D.C. 20555
Attention: Docketing and Service Branch

Dear Sir:

Re: Request for comments on proposed rules published to
the Federal Register 48, No. 130, p. 35280-35296,
July 8, 1981, 10 CFR Part 60.

Under 160.2 Definitions, transuranic waste is defined as "Radioactive
waste containing alpha emitting transuranic elements, with radioactive
half-lives greater than five years, in excess of 10 nanocuries per
gram. Technically, this implies that the total activity of any tran-
suranic isotope emitting alpha particles, regardless of the alpha
branching ratio, must be included in the total not to exceed 10 nCi/g.
The classic example of this effect is which has a relatively
short half-life (14.355v) and therefore a high specific activity but
an alpha branching ratio of only The proposed rule as
written technicall requires the entire activity to be included
in the transuranic concentration total, but the intent is to include
only the alpha activity branch in tne total.

This technical detail can be correCted with a minor rearrangement of
the proposed definition of transuranic wastes to "Radioactive waste
containing transuranic elements, with radioactive half lives greater
than five years, in excess of 10 nanocuries of alpha activity per gram."

Very truly yours.

Dr. R. L. Brodzinski
Staff Scientist
Physical Sciences Department

RLB/dc



August 13, 1981

Secretary of the NRC
Nuclear Regulatory Commission
Docketing and Service Branch
Washington. D. C. 20555

Dear Secratary:

This is a comment on the NRC's proposed rule
10 CFR Part 60, "Disposal of High-Level Radioactive
Wastes in Geologic Repositories", which sets down
requirements for permanent disposal.

The provision which calls for a guaranteed 1000 year
containment period is grotestquely inadequate.
Toxins like plutonium 239 remain dangerous for more

than 250,000 years. Toxins like iodine 129 remain
dangerous for 160 million years. This is considerably
longer than 1000 years.

The radioactive should be held to even better than
one part in 100.000 since even this small amount of
release would still have a very serious health impact
due to the astronomical amounts of radioactivity
produced by the nuclear power program and the weapons
effort.

The omission of any mention of population related
requirements needs clarification as does the proposed
rule which allows the DOE to pick a geologically unfit
site if conditions can be "remedied".

Sincerely.

Sidney J. Goodman. P.E





Netherlands Energy Research Foundation

Secretary of the Nuclear Regulatory
Com mi s sio n

Att.Docketing and Service Branch

1717 N Street NW

WASHINGTON D.C.

September 1. 1981

Dear Sir,

I herewith take the liberty to submit to you my written comments on

the proposed Rules for Disposal of High-level Radioactive Wastes in

Geologic Repositories, as published in the Federal Register, Vol. 46,

130, the pages 35280 up to 35296 on July 4, 1981.

Yours sincerely.

NETHERLANDS ENERGY RESEARCH FOUNDATIONS

(Head of Technical Service Department)

COMMENTS ON THE NRC PROPOSED RULES FOR

DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES IN GEOLOGIC REPOSITORIES

(published in the Federal Register, Vol. 46 no. 130 of Wednesday,

July 8. 1981)

GENERAL COMMENT

Although not a citizen of the U.S. I take the liberty to comment

on the proposed NRC Rules because they cover a subject of inter-

national concern and interest and therefore may well be of influence

on the rules and regulations in preparation for the same activities

in other countries.

MULTIPLE BARRIERS APPROACH

Different explanatory tests are selected here to summarize that the

Nuclear Regulatory Commission's approach for disposal of N.L.W.

in geologic repositories is basicly

- that the repository must consist of multiple barriers.

that the waste form and other engineered barriers are elemental

to the performance of the repository system.

- that each of the engineered features has to meet their specific

performance objectives,

this because the geologic setting (i.e the natural barrier)

does not inspire the Commission's confidence. by reason of un-

certainties.

My comments on the NRC's multibarriers approach is that it may be

a good terchnical approach in case of a HLW-emplacement in a permeable

host rock but that it certainly is not an apprepriate approach for a

HLW-repository to be mined in a salt dome.

There is only one general approach for a mined HLW repository in any

type of host rock and that is the overall systems approach. It is

irrational to assume that one single engineered component out of a

total system of components will have to perform the ioslation or

containment capacility of that system without any assistance from

Enclosure 1 1 2/



the other repository system components. Especially the natural

components such as the host rock containment shield surrounding

the repository and the geologic environment surrounding and over-

lying the host rock can never be made ineffective.
It is only by means of an iterative process of safety assessment

and repository system improvement that the relative importance of

the different components to the overall system can be evaluated.

3. WASTE PACKAGE

From our safety assessment work for a HLW repository to be mined

in a salt dome it was demonstrated that the waste package, once

it is emplaced in a sealed disposal borehole, does not contribute

to the confinement of the radioactive waste. Once the confinement
should be disturbed the isolation of waste nuclides will so dominant-

ly be controlled by other engineered barriers and by the natural
barriers that the waste package can not play a role of any importance

in the optimaztation process of overall system improvement At least
for a carefully designed HLW-repository in salt the waste package

is therefore not a key component of the overall engineered system

(bottom first column page 35285). Its component requirements derive
primarily from the solidification process, the intermediate storage
prior to disposal and the handling prior and up to the emplacement
of the waste package in the disposal borehole. Its dimensions will

have to be a compromise between what the solidification process and
what the disposal facility requires.
Depending its specific fission product content and the intermediate

storage time prior to disposal, the diame ter of the canister plays
an important role in controlling the thermal load on the host rock

directly surrounding the emplaced packages.

The length of the waste package will primarily be determined by the

limitations from underground handling of these packages in shielded

casks.

This lengthy explanation is given to underline that the HLW

package is an important engineered component, but that its

importance lies elsewhere than meeting the containment and
controlled release performance objectives for the overall

system.

CONTAINMENT REQUIREMENT

The proposed rules state the requirement that the engineered

system is to be designed so that the wastes are contained
within the waste package for the first thousand years following
emplacement bottom (third column page 35281). The restrictive

containment or confinement of the radioactive waste to its

waste package is an irrational requirement. The boundary of
confinement can easily be shifted more outward without any

consequence from the point of view of radiological hazard to

man and his environment. As said before it is the overall system

that should be considered in realizing a confinement within a

boundary that clearly defines the radionuclides to remain outside

the biosphere for at least 1000 years. Following this period the
function of the overall system is to provide the required isolation,

in that the return of waste nuclides into man's environment should

be limited, in ammounts and concentration, is prescribed acceptable
levels.

5. RETRIEVABILITY REQUIREMENT

The proposed rules require that the repository design should be

such as to permit retrieval of waste packages for a period of up
to 110 years (bottom middle column page 35282).

The point is to be stressed that this retrievability requirement

limits the possibilities for the repository designer to optimize

the overall repository system. Relative easy access because of

retrievability may well increase the consequences Of major accident
during the operational period, such as a flooding of the disposal

mine:
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There is no rationale in depriving the repository designer

the possibility of clearly improving the engineered parts of

the overall disposal system to a point that both the short

and long term hazards become minimal only because of a lack

of confidence in our technical capabilities.

It is realistic to assume that in site performance tests can

demonstrate in a period of years the adequacy of the engineered components

to the point that their reliability will be established.

A non-retrievable disposal system recommends itself through

the benefits of a better containment and isolation.

No underground disposal should be allowed unless there is a

sufficient basis for confidence in the overall system of disposal.

It is far more practical to continue an adequately controllable

engineered surface storage then to replace that storage by a

retrievable system of underground disposal. This because the con-

sequences of a retrieval operation may well put quite an extra

exposure burden on the workmen.
A non-retrievable disposal system should become acceptable once

the performance demonstration of the essential engineered com-

ponent(s) has provided its reliability.

Just as an example, the disposal of a stack of HLW canisters in a

deep disposal borehole in rock salt is a typical example of a very

safe disposal system that can hardly be developed in a retrievable

way.It is, especially during the operational period, dependent

on the reliability of the sealing of that borehole. It thus should

be required to demonstrate that the plugging of the borehole can

be made such that it will withstand a hydrostatic pressure equal

to that caused by the flooding of the disposal mine.

6. DISRUPTIVE PROCESSES AND EVENTS

In the middle column of page 35281 it is stated that waste/rock

interactions that result from the emplacement of the wastes or the

gradual deterioration of bore hole seals are to be included in

repository performance argumentation as disruptive processes that

are to be anticipated.

At the bottome of that same column the statement is made that the

host rock in the area close to the emplaced HLW is physically

and chemically disturbed by the heat generated by the waste.

This thermal disturbance is stated to add significantly to the

uncertainties in the calculation of the transport of the radio-

nuclided through the geologic environment (top left column page

It is evident that the disposal system should and can be engineer--

ed in such a way that no waste/rock interaction need be the cause

of a disruptive process or event. Again for rock salt we know for

sure that we can control the thermal load on the host rock direct-

ly surrounding the waste canisters such that no chemical or physical

changes will take place that can be considered to be a real disturb

ance in the disposal area itself. Even more distant from the qualific-

ation disturbance are the farfield consequences of the disposal of

high level waste in the isolation shield of rock salt that will be

provided in sufficient thickness around the disposal area.

It is questionable whether a gradual deterioration of borehole seals

need to be considered as an anticipated process leading to disrupture

of the overall system. In our case of deep disposal boreholes natural

materials such as a mixture of crushed salt and clay dust are proposed

to provide one of several successive lugs that are to be used for

sealing the borehole. Their is no reason for deterioration, on the

contrary, borehole convergence will gradually make the plug thighter

than originally.

The reactivation of a fault, mentioned as an unlikely disruptive

event, should in reality be considered in the proper geologic setting

of the repository size. For the salt domes under consideration for

waste disposal in the Netherlands and Western Germany the geology

overlying and surrounding the salt domes is one of sedimentary

origine. They do not have the capability to store large amounts

of dispacement energy. The rock salt itself is, due to its visco-

plastic behaviour even less capable of accepting a fault to penetrate

the host rock and thus creating passageway for groundwater to reach

the emplaced waste. This is one of the many samples that could be



given to underline that general rules for geologic disposal should
always accredit the specific behaviour of the different host rocks
and their geologic setting.

7. TRANSPORT OF RADIONUCLIDES THROUGH THE GEOLOGIC ENVIRONMENT

At the top of the first column on page 35282 it is stated that
the thermal disturbance of the area near the emplaced wastes

adds significantly to the uncertainties is the calculation of
transport of the radionuclides through the geologic environment.
This may be the case in fissured crystalline rock and in the
direct vincinity of the emplaced waste, for a mined repository
with the HLW emplaced in deep borehole in a salt dome this is
not relevant. The host rock itself is impermeable and any future

radionuclide transport in the permeable geologic environment
surrounding the salt dome will not have the slightest disturbance

from the limited temperature rise of the rock salt at the peri-

phery of the salt dome.

5. HUMAN INTRUSION

In general the Commission's approach to the Human Intrusion

question is a very rational one. A difficult future access to the

emplaced waste, once the burial facility is closed down and sealed,

helps to discourage people from intruding into a repository of
which the knowledge of existance is still there. In this respect

it might be more encouraging if the waste is known to have been
emplaced in a retrievable way.

The resource value of the spent fuel that was declared a waste and

of thick-welled canisters of precious material are to considered

is combination with such a retrievable disposal system, because

they often go together in present-day plans. However, a possibility
of deloberace intrusion should not be considered too seriously,

such that everything is to be done to discourage a future generation
to do so. It is in future the responsibility of next generations
to decide whether the hazards are worth the benefits

The inadverent intrusion should be considered more seriously.

but as is stated in the proposed rules the scientific and technical

capability required to recontact the wastes at greater will

also enable the explorer to recognize in time what

he is encountering.

ALTERNATIVE APPROACH

It is evident form the proceeding comments that there should be
only one approach for setting performance criteria for a high-level

waste repository. That approach should be the prescription of a

singe performance standard for the overall disposal system.

The development of that system will be fully site and host rock

specific and be accomplished in an alterative process of system

development and safety assessment. The disposal system should

remain f1exible in order to be able to cope with future developments

in both qualitative and quantitative sense.

The ultimate goal should be:

* to provide for a confinement of the buried waste for a minimum

of 1000 years within a geologic boundary that remains far from

man's direct environment.

to extend the confinement period as long thereafter as is reasonably

achievable for a given site and its geologic setting, and

to limit any eventual subsequent release of waste nuclides to the

environment in amount and concentration to acceptable levels, or

as far below that as reasonably is achievable

There may well be other than technical criteria that may influence

a final site selection. Once a site is selected the overall system
should be developed to meet the overall performance objectives.

There is no hazard related requirement for a deep geological disposal
to be located far from present-day population centers.



The geologic and geohydrologic conditions of the site are pre-

dominant over what conditions exit in the presence at the surface

above the site. There is, however, one restriction and that is

that the existing use of the land and physical planning will permit

to lower the shafts at the proper places and to build the surface

facilities directly next to the shafts.

This in response to the Commission's invitation for comments at

the bottom of the third column on page 35284.
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September 14, 1981

SecretaryNuclear Regulatory Commission
Washington, DC 20555

Attentions Docketing and Service Board

Subjects Comments on Proposed Rules -10 CFR Part 601
Disposal of High-Level Radioactive
Wastes in Geologic Repositories

My comments concern the questionalb adequacy of technical
criteria to risks of inadvertent human intrusion.
In particular. the existence or the possibility of mineral
resources in the vicinity of the site may lead to mining or
drilling that could endanger the integrity of the geological
containment.

Page 35282, Human Intrusion -The arguments on the continuity
of information relative technological capabilities
are unconvincing, While much information is available from
many periods over historic time, there have been long intervals
during which information was lost, to be recovered only after
lapses of hundreds of years. Even today, information from
European civilization from the decline of the Roman Empire to
the onset of the Renaissance, about 1100 A.D., is fragmentary
and incomplete; it is difficult to separate fact from legend.
The time since tbe Dark Ages in Europe is of the same order,
about 1000 years, as the time considered necessary to contain
the wastes.

Contrary to the assertion on page 35283, it does not follow
that a future generation could logically be expected to
understand the nature of the wastes and the necessary control
measures merely because they had the technical capability to
penetrate to that depth. Hard-rock mining at greater depths
was carried out by the Romans in Cornwall, and the Chinese

page numbers refer to Vol. 46, No 130, Federal Register,
July 6, 1961
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drilled for oil at depths of about 3000 feet centuries before
the discovery of natural radioactivity. In both these examples
the depths worked were much greater than the proposed
repository depth.

Page 35287, Sec. 60.21 (c) (13) - The purpose of providing the
assessment of mineral resources in the Safety Analysis Report

is not clear. The wording infers that the only purpose is to
show that the location of the disturbed zone within a
particular geologic setting was such that the mineral resources
were no greater there than is characteristic of that geologic
settings that is, that mineral resources are a consideration in
locating the disturbed zone but not the geologic setting.
Whatever the intent, the treatment of the mineral resources
problem does not provide sufficient assurance against
inadvertent breaching of containment.

1. Sec. 60.21 (c) (13) implies that mineral deposits
in the geologic setting outside the disturbed zone
are of no concerns only that the resources in the
disturbed zone should not be greater than is
representative of the geologic setting. The
geologic setting is defined (Sec. 60.2) as the

systems that provide isolation of the
radioactive waste." Since breaching of the
geologic setting would compromise containment, it
is not apparent why mineral resources only in the
disturbed zone are to be evaluated or only their
development restricted.

2. The definition of geologic setting does not include
underlying formations that do not contribute to the
system of isolation, and hence the rules do not
require that they be considered. As the WIPP site
illustrates, there may be substantial deposits well
below the geologic setting, which would provide
incentives to breach the containment. Sec; 60.133
(b) requires that boreholes be sealed, that
apparently refers only to boreholes drilled in
connection with the repository. although it could
include preexisting holes. It certainly does not
include holes subsequently drilled to explore and
develop mineral resources lying in or below the
geologic setting at some future time. If boreholes
are a threat to isolation, as the proposed rules
indicate, there must be assurance that underlying
mineral prospects do not lead to future drilling.
It is difficult to gain such assurance, but as a
minimum the rules should cover all mineral
resources and prospects underlying the geologic
setting, not just those in the disturbed zone.
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The apparent purpose of Sec 60.21 (c) (13) is that
the facility operator such as DOE would acquire
mineral rights on the basis of current market
value and withhold them from devel opment, ther eby
resolving any conflict between resource development
and repository isolation. There are three
principal difficulties with that solution:

(1) It assumes that such legal arrangements will
remain efffective for the 1000 years for which
isolation is required.

(2) Current market values have little meaning,
even in the very short term. The price of
gas in the Permian Basi of New Mexico,
Including that underlying the WIPP site, has
increased from about 15 cents per 1000 cubic
feet in the mid-1960's, about the time the
site was first considered, to a regulated
price of $2.84 today. Lease costs have risen
from $5-$15 per acre to more than $400.
Other gas, not regulated, sells today for
more than $8. The corresonding values of
the 35 billion cubic feet estimated to
underlie the site are $5 million, $100
million, and over $300 million. These are
not merely costs to the project; the last
figure representS the resource value that
society currently assigns to a badly-needed
energy resource of that magnitude.

(3) The market value of a mineral resource is a
time-dependent variable, as the above example
illustrates. The market value of a
particular resource is a function of the
technology available for development and the
cost of alternative resources, both at a
particular time. The incentives for future
development of a particular deposit cannot be
assessed in terms of current market prices
and technology, beyond the certainty that
resources will increase in value with time.

My concern is that the risks of breach of repository isolation
by future mineral development are not adequately controlled by

the proposed rules. A more immediate concern is that that

i nadequacy will give rise to substantial public opposition to
current efforts to arrange for disposal of nuclear wastes,
leading to further delay and inaction.

Tne problem is particularly difficult since salt be is have
assumed so much importance. Salt beds occur in sedimentary
basins which a1so are the provinces associated with oil and
gas, as well as other evaporite minerals such as potash. If
salt beds are to remain under consideration, much more rigorous
criteria beyond the estimation of current values only within
the disturbed zone are needed. In view of the uncertainty as
to what would constitute an attractive prospect to future
generations, it may be necessary to require that the salt
formation be at the bottom of the sedimentary series, underlain
only by non-sedimentary basement rock. While that would
greatly limit the availability of suitable salt-bed sites,
there are other geologic media.

Sincerely,

J.M. de Montmollin

Oil and Gas Journal, Aug. 3, 1951, p. 64



September 16, 1981

Honorable Nunzie J. Palladino
C

h a i r m a n

U.S. Nuclear Regulatory Commission
Washington, DC 20555

SUBJECT: REPORT ON PROPOSED RULE ON "DISPOSAL OF HIGH-LEVEL RADIOACTIVE
WASTES IN GEOLOGIC REPOSITORIES"

Dear Dr. Palladino:

During its 257th meeting, September 10-12, 1981, the Advisory Committee on
Reactor Safeguards met with the NRC Staff, representatives of the U.S.
Department of Energy (DOE), and NRC contractor personnel to discuss
the proposed rule on "Disposal of High-Level Radioactive Wastes i Geologic
Repositories" (10 CRF 60). This was also the subject of a meeting of the
ACRS Subcommittee on Waste Management held in Washington, D.C. on Septem-ber 2 and 3. 1981.

1. General Comments

The NRC Staff is to be complimented on moving ahead even in the absence of
confirmed supporting standards which are to be provided by the U.S. Envir-
onmental Protection Agency. Although we believe certain changes and im-
provements should be made in the proposed rule, the published draft reflects
a good grasp of the subject and incorporates a wide range of input from
other federal agencies and outside groups.

2. Comments on Key Issues

In the proposed comments were specifically requested on key issues.
Our responses regarding these issues are as follows:

a. Prescription of Criteria for a Repository

We agree that the rule must include an overall safety goal or objec-
tive for the repository. However, only minimum performance standards
for each of the major elements are needed. Although we favor the
approach that has been taken, we believe that the interpretation of
the numerical standards needs further clarification. Additional
comments on this matter are given in Section 3.a of this report.

September 16, 1981

Specification of Design and Construction Criteria

We believe that detailed design and construction criteria should not
be included in the rule. It would be better to incorporate informa-
tion of this type in supplementary regulatory guides.

c. Retrievability of the Wastes

We believe that more discussion of retrievability requirements should
be made a part of the text of the rule as opposed to including it
primarily in the background information. The NRC should indicate the
conditions under which retrieval would need to be performed, perhaps
by postulating illustrative circumstances. The type of waste to be
inserted could influence the retrievability requirements as well as
the performance of the repository. Although we did not explore the
question of the impact of the retrievability option on design. it ap-
pears that it could be significant in certain cases. such as a re-
pository located in salt. The 50-year time span appears more than
adequate for preserving the retrievability option, but other criteria
might be considered such as the time needed to demonstrate stability

of thermal conditions, structural movement, on containment effective-
ness.

d. Concern for Human Intrusion

We believe the treatment of this subject is well done. We recommend
retention of the existing text.

e. Population Related Siting Requirements

We agree with the approach suggested in the proposed rule. We believe
it is not necessary to include any siting criteria which relate to
population density or the proximity of the waste repository to popula-
tion centers.

f. Application of the ALARA Criterion

Although it is appropriate that the ALARA criterion be applied to the
overall safety goal for the repository, we believe it is not appro-
priate to apply it to the individual performance criteria for every
major subelement.

3. Additional Comments

I n terms of o ther aspects of the proposed rule, the Committee offers
the following comments:

a. Alternative Approaches

While we generally agree with the criteria specified in the proposed



rule, we believe that the licensee should be given a greater degree
of flexibility for compliance with the overall safety goal. One
approach would be to emphasize the fact that the NRC will be evalu-
ting the anticipated performance of the total waste repository as a
system. in contrast to the performance of its individual components.
Since we foresee only one or two repositories being built within the
next several decades, we believe that each should be evaluated in
relation to overall performance on a case-by-case basis.

b. Validation of Compliance

One of the important issues concerning the rule will be the tech-
niques used for validating compliance with the specified criteria.
Specific mention should be made that acceptable models must be avail-
able for evaluating repository performance, and that accelerated
testing and certified data will be necessary for determining system
performance over long periods of time. Since absolute conformance
cannot be guaranteed, it may be useful to express compliance with
numerical criteria in terms of the required confidence level that a
certain fraction of a given system component "e.g., waste packages)
must meet, keeping in mind what levels of confidence it may be prac-
tical to achieve.

c. Handling of Transurance (TRU) Wastes

We recommend that regulations for the management and disposal of
TRU wastes be developed in a separate document. If this were done.

some of the complexity within the current proposed rule would be
avoided. This approach would also allow attention to be directed to

the unique aspects of the TRU waste disposal problem, especially for
wastes in which radionuclide concentrations were low. A supporting
decision is needed to clarify the minimum radionuclide concentration
which denotes TRU wastes.

d. Definition of Terms

Many of the definitions used in the proposed rule, particularly
those pertaining to geologic terms, are not technically correct,
Examples are the use of the terms, "fracture zone," and "fault rup-
ture surface." In addition, in several instances the terms used to
not convey the intentions. For example, reference is made to the
"geologic or tectonic" stability of the site when what was really
being referred to was the stability of the 'repository." itself,
We recommend that the text be carefully screened to correct these
deficiencies.

e. Consideration of the Vadose Zone

The rule would appear to be equally applicable to mined geologic re-
positories in the Vadose Zone. As a result, a separate rule for

disposal of high-level radioactive wastes in the unsaturated zone
does not appear to be necessary.

f. Evaluation of Computer Models

At the present time, there are a number of organizations within the
U.S. that are involved in the development of computer models for
estimating the environmental transport of radionuclide. To check
for deficiencies in these models, and to assure that the best models
are applied in estimating the performance of a high-level waste re-
pository, we suggest that an evaluation program for such models he
conducted.

In providing these comments, we agina compliment the NRC Staff on a well-
prepared document.

Sincerely,

J. Carson Mark
Chairman



Secretary of the NRC
USNRC

Washington, D.C. 20555

Dear Mr Secretary
Please accept the following letter as my comments on 10CFR Part 60 Disposal of
HLW in Geological Repositories.
This document is very difficult is follow, This document really doesn't do
what the Summary in the proposed rule says it does. The proposed criteria
do not address "siting, design and performance is a geological repository"

is anything like meaningful manner.
Siting: 3 Siting Requirements Although no specific site suitability or exclusion

requirements are given in the criteria, stability and minimum groundwater
travel times are specified as required site characteristics."

This quite sounds more like a criticism of this proposed rule than
a criteria to be met.
Stability and ground water travel times are important. However, there are many
other criteria which must be considered at this early time before the
rule goes into effect.
There are economic considerations. If these are not mentioned in the
rule, they will be difficult to bring up during licensing hearings. Further,
the staff has been remain in this duty if they have not looked at other problems

generic to siting HLW repositories other than stability and ground water travel
times.
2. Performance Objectives: The supporting documnet Draft NUREG 0806 shows

how and "assumed" the performance objectives really are.
Para 60.111 is discussed at Page 4-1 in the supporting document.
The entire Performance Objective is based on the phrase, "and assuming

anticipated processes and events." This is totally inadequate in that
there is little or so experimental data to have these "anticipated processes
and events" upon.
That of experimental data is evident from the Paragraph on the bottom
of Page A-12 in the supporting document.
Although the seistific community in beginning to study the program in more

detail, data in the of spent fuel under repository contitins are
relatively spare. In this assessment, we have used the data obtained for
from studies done at Studevik Sweden (10) which indicate that the
leaching process occure relatively rapidly at first and then decreases.
For uranium, 197 and a leach rate (expressed as fraction
leached per year) approximately 4x10-4 yr-1 was obtained. For
the calculations we have assumed the following leach values:

This demonstrates that the so called long term leach rates are based on 100 day

data that would probably not be accurate for the millenia that this material
needs to be kept from humanities nostrils and stomache.

Further there aremany processes which would increases the leach reate with time:
alpha reccil aging of glass
chelation of nuclides with other material is the waste or in the emplacement
non-human intrusion by animals and plants.

There are many other errors or omissions in this proposed rule?
Page A 3 "far field" is defined is such a manner as to be meaningless

Page 4-+4" Period of greatest "hazard is not defined.
Page 4-6 "Hydrogeology ... assumed to be representative, "Is it of is it
not representative.

Secretary of the Commission
The Nuclear Regulatory Commission

Washington, DC 20555

ATTN: Docketing and Service Branch

SUBJ: Proposed rule for 10CFR Part of Disposal of High-level
Radioactive Wastes in Geologic Repositories

Gentlemen:

Among the key provisions proposed for establishing technical

requirements for permanent disposal of radioactive waste materials.

two items. 1) a guaranteed 1000 year containment period ) that

radioactive material be held to one part in 100,000 of the amount
of radioactive waste in the repository-deserve full support. In

terms of the nature of the material being handled and public safety.

the need for these two provisions are obvious.

A third recommendation- that a 50-year retrieval period after

emplacement for wastes be required, receives conditional support.

I agree with the Commission for the need for such e requirement but

there are questions as to whether or not this time allotment is

adequate depending on the geologic a l medium selected).

However t
h
ere are strong objections to the proposal which would

allow the Department of Energy to select a geologically unfit site

if conditions may be "remedied." This seems to be a complete contra-
diction to the principle and rationale behind geological disposal.
Furthermore, by establishing such policy it tends to reinforce the

allegations that 1) permanent and safe disposal of high-level wastes
may not be no feasible technically and/or economically, after all

2) That the Commission is more interested in finding an expedient
political solution to the matter than seriously solving the problem

once and for all. Clearly, additional clarification on this issue

is called for.

One also wonders why the Commission has negelected to mention any

population-related requirements. Since someone is going to have a high-
level repository in their backyard" it seems logical that the NRC
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would establish suitable requirements in this area. However, as of
yet such requirements have not yet been proposed. Since this is an
area which will be brought up sooner or later in would seem to be in
the Commissions best interest to do so as soon as possible. Once
again, clarification on this matter is called for.

END COMMENT

Thank you for your time,

Secretary
Nuclear Regulatory Commission
Washin gton, D.C. 20555

SUBJECT: Comments 10CFR Part 60, "Disposal of High-Level Radioactive Wastes
in Geologic Respositories,"

Sincerely,

Gentlemen:

This is written in my capacity as a member of the ONWI Geology Review Group.
It is being prepared after my participation in the ONI review panel workshop of
September 16 and 17 at Battelle. I agree with the conclusions arrived at during
that panel workshop. This letter supplements those conclusions with some personal
observations.

OVERALL COMMENTS

found this to be a surprising and distressing document. It summarily discards
the ideas and methodologies developed by all revue groups and professionals with
whom I have been associated over the past several years. It makes pronouncements
about the status of geology, hydrology and modeling that are wrong. Finally, its

component approach (as constrasted with the "systems" approach) has led to
decisions. use of terminology and numerical choices in several difficult tech-
nological areas that are not logical and cannot be implemented.

In short, the proposed rule summarily discards the results painfully arrived
at by the technological community. A few specific examples are discussed below.
I trust that additional examples will be presented in the report of the ONI panel
workshop.

II. SYSTEMS APPROACH vs. COMPONENT APPROACH

Every Committee and every panel that I have been involved with over the past
few years has been unanimous in arguing the need for a systems approach. In snort.
a single standard should be applied to the entire repository with perhaps the
requirement that multiple barriers be used. The latter is to ensure that more than
one barrier be used even if a single barrier is capable of meeting the standard.
Of course, in the optimization of each repository and site, constraints specific
to that site would be used for the individual barriers in order to constrain the
total system optimization, In this way, the best advantage could be taken of
the components of each site and of their interactions to produce a suitable repository.

Without adequate justification, the systems approach is abandoned in favor
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of an approach that places fixed specifications on each component of the repository
regardless of the site. This ignores all differences between sites and ignores
all possibility of inconsistencies and redundancy in the treatment of the components.

Unfortunately, the component approach is consistent with the document's
philosophy of giving virtually no containment credit to the geology or hydrology
and this will result in far less secure and far more expensive repositories. For
example, no one should pick a site where the groundwater travel time to the biosphere
is 1,000 years (the component specification) or even l0,000 years. Who is going
to spend money on re forcing geologic barriers suitable to a site when his budget
will be exhausted by engineering the 1,000-year package wether it is needed or not?
Besides, he will receive no credit for anything he does to improve the geologic barriers.

On entering the business of component specification, the authors of this document
were forced to consider a variety of technical areas having very difficult technology.
It is not surprising that the discussions of such components sometimes display lack
of logicm dubious terminology and a lack of awareness that what has been proposed
cannot be implemented. Many examples were cited at the ONI panel workshop and
they should be documented in the ONI report.

III. ESSENTIAL ABANDONMENT OF THE CONCEPT OF DEEP GEOLOGIC DISPOSAL

The proposed rule essentially abandons the concept of deep geologic disposal.

Five years ago, the geology had to do the entire job of radionuclide containment.
All that the canister had to do was get the wastes to the site, How, we are at
the other estreme. The proposed rule gives the geology and hydrology no containment
credit except for the 1,000 year groundwater travel requirement.

With the proposed rule in place, there would be no reason to continue any

of the ongoing geology and hydrology site studies. Every one of the sites that I
as familiar with meets the 1,00 0 year groundwater travel requirement. In fact,
many of the sites that have been rejected would meet the rule specifications if
we engineered the package and repository. Therefore. why should one study the sites
further?

The requirement of the l,000-year canister and the other evidences of lack
of confidence in the geology and hydrology stem from erroneous perceptions of the
nature of uncertainty as applied to geology and hydrology. An example will illustrate

my point.

The BWIP staff recently described to their Geology and Hydrology Overview
Committes a groundwater model that postulated radionuclide escape from the Umtanum
Formation to an adjacent more-permeable interbed. There was considerable disagreement
between the BWIP staff and some committee members aboutj the location of the sites
of groundwater discharge to the biosphere. It the BWIP staff is correct, the
travel time will be about 120,000 years. If the committee members are correct, the
travel time will be about 60,000 years. This is the nature of the uncertainty, and

future work will resolve it.

Questions about the reliability of the mathematics and code used in the

B WIP model are nonsense. My back-of-the-envelope computation showed that the
model results were in the correct ball park for the parameters chosen. No possible
uncertainties in the future climatic events can affect these numbers by more than
one percent. if that much. Even if the hydraulic conductivity values are an
order of magnitude low (something hard to believe), we would still have a 6,000
year groundwater travel time to the biosphere through the interbed. Furthermore,
this conservative groundwater model gives no credit to the dispersion, to the
sorption, or to the containment or retardation by the Umtanum Formation, by the
canister or by any of the engineered barriers in the repository.

It is inconceivable that any shorter path to the environment through the
many lava flows would be missed during the detailed exploration, the repository
excavation, the repository filling and the performance confirmation before the
repository sealing. As for future credible geologic events, the entire tectonic
picture insures for the next 10,000 years a continuation of the geologic patterns
of the past several million years.

In summay, every member of the BWIP staff and Overview Committees recognized
the nature of the uncertainties. However, it was clear to everyone that no
combination of unfavorable credible events could reduce radionuclide travel
times from the encapsulated wastes to be biosphere below several tens of thousands
of-years for a properly sited designed and constructed repository. When considering
uncertainties, one must understand their ranges, effects, sensitivities and
impacts on specific repositories. Generic considerations, divorced from real-world
repository sites, are meaningless and lead to the erroneous conclusions about
uncertainties that have been incorporated in the proposed rule.

IV. SHAFT AND BOREHOLE SEALING - AN EXAMPLE OF THE CONSEQUENCES OF THE PROPOSED RULE

Paragraph 60.133 is one example of the harmful effects of the component
approach and of the reluctance to take advantage of the geology and hydrology. It

makes no use of the hydrogeologic factors that could help reduce radionuclide
transport through shafts and boreholes and seems to rely only on the properties
of the engineered seals.

1. First of all, the requirement that ... sealed shafts and boreholes will
inhibit transport of radionuclides to at least the same degree as the undisturbed
units of rock through which the shafts or boreholes pass,.' can not be-implemented
for the most impermeable rocks. The designer will have to violate that requirement
or else site the repository in more permeable rocks, where that standard can be
met.

2. Within the constraints imposed by the mine design, efforts should be
made to locate shafts and boreholes upgradient from stored wastes. If the hydraulic
gradient does not have a component in the direction from the wastes to these
openings, advective transport of radionuclides into the shafts and boreholes is
not possible.
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Dr. Howard P. Ross
Geophysical Consultant

7089 South Pinecone
Salt Lake City, Utah 84l21

3. It is probably easier to inhibit transport into shafts and boreholes
by use of engineering techniques than it is to inhibit transport trrough the bore
holes once the wastes have entered them. Thus, the combined performance of the
shafts and boreholes can be used to inhibit radionuclide transport through the shafts
and boreholes and not just the performance of the seals.

This is one of many examples that shows the inappropriateness of setting
standards on the individual barriers rather than on their integrated performance
It also shows the inappropriateness of ignoring the geology and hydrology and
placing total reliance on brute-force engineering of the canisters and repository.

Respectfully Submitted,

Irwin Ramson

cc: Dr. Colin A. Heath
Office of Waste Isolation

Dr. R. B. Laughan

Dr. S.J.S. Parry
Office of NWTS Integration

Secretary of the
Nuclear Regulatory Commission

D. C. 20555

Attention: Docketing and Service Branch

Dear Mr. Secretary:

I am pleased to have the opportunity to comment on the proposed rule,
10 CFR Part 60 - Disposal of High Level Radioactive Waste in Geologic Re-
positories, as published in the Federal Register, Wednesday July 8, 1981.

My general impression of the proposed rule is one of disappointment
and concern. Professionals concerned with problems of nuclear waste storage
and the entire nuclear industry are well aware of the need for finalizing
the regulatory guidelines for high level radioactive waste disposal in a
timely manner. The proposed rule as presently written may needlessly com-
plicate and postpone licensing a repository and completing the necessary
site selection, characterization, and technical support studies. What is
described as a proposed rule for "storage of HLW in geologic repositories"
shows a basic mistrust of the geology itself and now places a number of
arbitruary and impossible to verify numberical criteria on the performance
of engineered barriers and the geologic site. This philosophy ignores
the multiple favorable aspects of the combined engineering and geologic
barriers. This is a syst

em of muliple barriers which should be evaluated
and regulated as an integrated system, on a site specific basis, rather
than as a series of independent components.

Several specific comments follow which are references in sequential
order to 10 CFR Part 60 subsections.

60.2 Definitions

Suggested wording change -"DOE" means the U.S. Department of Energy,
or its appropriate successor agencies responsible for High-Level Rad-
loactive Waste Disposal, or duty authorized representatives of these
government agencies.

'Retrievability" - Definition should be included for this key term.

60.21 11(t)

Is the intent to verify the numerical model programs used to predict
long term aspects of the geologic repository, or is the intent to
prove the correctness or the combined model-plus-site data combination?. 4.



Pro of of performance for long time intervals is impossible to demon-
atrate of time. Should the work confirm or replaces with eval-

uate?

Sensitivity analyses should be included as a means to "confirm" the
predictions of future performance.

60.111 Performance Objectives

Retrieveability

The duration of the period during which retrieval capability should be
maintained is properly related to "the expected time needed to execute
the performance confirmation program". However the proposed period of

"10 years after waste emplacement operations are complete" is arbitrary,
without technical justification, and would result in additional engin-

eering and unnessary waste in restricting backfilling, maintaining
in open shafts and rooms, etc. Studies indicate near field

temperatures should be reached in 10 to 30 years after emplacement, de-
pending upon the host rock, and that the porformance confirmation ser-

iod should be no more than 10 years after emplacement. Knowledge gain-
ed prior to and during repostiroy excavation, and monitoring during

post emplacement years should permit confirmation of long term extremel-
ations of the near field response. Costs and safety hazards associated

with retrievability increase rapidly with time after emplacement. The
retrievability period should not be prolong to 30 years after emplace-
sent, and should be related to the performance confirmation period for
sequential portions of the completed repository, rather than for the
entire repository.

60.111(b)(2)(i) Containment of Wastes

The 1,000 year containment period for the waste packages is arbitrary
and will be impossible to prove. The behavior to this length of time
must be a numerical projection including some site specific uncertainty,
The term 1,000 years after closure could 1,110 years for the first
waste package emplaced and 1,001 years for the last waste package. A

1,000 year requirement for the waste package is unnecessarily long in
view of the long term isolation provided by any acceptable geologic site.
The engineering overkill resulted to most a 1,000 year waste package
containment will result in unnecessarily costly waste packages and may
place other unnecessary requirements on handling facilities. A minimum

containment period would include packaging, shipping, emplacement, and
retrieval times, perhaps a total of 100 to 200 years. A desgn goal of
twice this would be more appropriate.

60.111 (b)(2)(ii)(4) Control of releases

The one part in 100,000 release requirement for the engineered system
again will be impossible to verify and ignores the positive features of
a good geologic site to contain or delay transport of radionuclides,

The requirement as stated requires engineering overkill for a single
component of the system which will be unnecessarily costly and still
impossible to verify. Sorption, long travel paths, and silution all
tend to effect the effects of release from the engineered system.

The engineering barriers and geologic setting would or
sidered as a interactive system, and long term performance requirements
should amply to the system rather than its individual components.

No geologic site should be considered acceptable if numerical modeling
of the site specific hydrologic properties
or other observable data (historical facts, age later suggest a ground
water travel time substantially less than 10,000 years. This is one num-
erical criteria when, properly stated in terms of observance data and

established numerical modeling techniques, should no more restrictive.

The geologic repository shall be located that pre-waste emplacement
groundwater travel times through the far field to the access envir-
enment are at least 10,000 years, as determined by the site specific

physical properties and accepted numerical modeling procedures.

60.122 (f)(4)

Suggested wording change -

groundwater travel times under pre-waste emplacement conditions ...
...... that substantially exceed 10,000 years.

60.123 (b)(15)

Processes that would reduce sorption are identified as a potentially
adverse condition while sorption conditions themselves are seemingly
given token recognition as a favorable condition in 60.122 (g)(1).
both sorption and sorption-reducing processes are site specific phenomena

that can best be evaluated in the contest of a systems analysis for the
specific geologic site.

60.133 (a) Design of shafts and seals for shafts and boreholes.
60.133 (b(2)

Most favorable geologic sites now under consideration as the potential
repository hosts and surrounding formations have been chosen because of
freedom from fracturing, and exhibit very low permeability in addition
to numerous other favorable geologic, geochemical, and hydrologic prop-

erties. It is highly unlikely that the shafts and boreholes could be
sealed to at least the same degree as the undisturbed units of rock".
This would be possible only for the more fractured, permeable rock units
eliminated from consideration as potential repository hosts.

Suggested wording change -
"Shafts and boreholes will be sealed to inhibit the transport of radio-
nuclides and groundwater to the extent reasonably achievable".



Solicited Comments: Alternative Approach

As proposed in 10CFR Part 60 favors a components by component performs
some specification rather than an overall system analysis performance criteria.
In doing arbitrary numerical limits have been establishes which cannot be
verified (i.e. a 1,000 year waste package containment). The entire basis for
a mined geologic repository as a means of HLW isolation is the recognition of
• system of natural (geological) barriers to provide long term isolation. Engine

barrier. offer additional near term containment and further enhance the
entire isolation system. Thus it seems more appropriate to select alternative
1 as described on Federal Register page 25283.

Alternative 2, now favored by the NRC, call for minimum performance stan-
dards for each of the major elements in addition to meeting the EPA standard.
Long term (more than 100 years) performance periods cannot be verified and
would require costly over-engineering. Specialized materials may be requir-
ed that would increase the possibility of human intrusion to recover these
materials (forming the waste package) at some time in the future. Alternative
2, if adopted, should qualify specific numerical requirements (time, release
rates) with "reasonable assurance" comments.

Solicited Comments: ALARA Principle for Performance Requirements

The adoption of the ALARA Principle requiring containment for "as long as
reasonably achievable and a release rate "as low as reasonably achievable"

ignores the realities of additional costs (which could be enormous), the neg-
ative aspects of offsetting delays, and the evaluation of increments; improve-
ments in containment and public health and safety. Performance criteria which
specify design goals and invoke reasonable assurance, or those based on some
form of cost/benefit analysis are certainly more realistic to fund and to ver-
ify and implement.

Thank you for the opportunity to comment on the proposed rule, 10CFR Part
60. As a member of the Part Review committees for geological studies at Hanford
(BWIP), at the Nevada Test Site, and for the ONWI program I have developed
great confidence that geologic sites can be identified which will isolate the
HLW from the accessible environment for periods substantially longer than the
10,000 years suggested. Completing the regulatory framework for site selection
and eventual licensing will certainly aid in finding the best sites.

Sincerely.

Howard P. Ross
Senior Geophysicist/Project Manager

LAWRENCE LIVERMORE LABORATORY

Dear Sir:

I appreciate th e opportunity to comment on the proposed amendments to
10CFR60, dealing with the disposal of high-level radioactive wastes. The
following comments express my own opinions and do not necessarily represent
the position of the management or staff of Lawrence Livermore National
Laboratory or of the University of California.

I note that the commission has endorsed the multiple barrier philosophy,
which I agree is the most prudent approach. However, I am concerned with
the way in which the Commission has chosen to distribute the reliance to be
placed upon the several barriers. In particular, I do not believe it is
either necessary or reasonable to require that "reasonable assurance" be
given that the waste package will contain all radionuclides for at least
the first 1000 years after permanent closure". Neither do I believe that
it is possible for anyone to give such assurance. Instead of the 1000-year
limit as proposed, I would suggest that the containment period be shortened

to consist only of the period during which the retrievability option is to
be preserved, namely 110 years, and that the degree of containment be set
at reasonable minimum, such as 99% of each radionuclide, rather than 'all
radionuclides".

The zero-release containment limit as proposed by the Commission is not
necessary because more reliance can and should be placed on the other barriers.
namely the intrinsic leachability of the waste form itself, and the low flow
conditions and ion trapping capacity of the repository and the geologic med-
ium. In addition, it should be recognized that small releases are not in-
tolerable, in view of the vast inventory of naturally-occuring radionuclides
in the earth's crust, the release of which occurs constantly and is not sub-
ject to the Commission's regulations.

The containment time proposed by the Commission is not reasonable because
the function of the waste package should be to provide containment primarily
during handling and shipping, including possible retrieval, not long-term
containment.

The zero-release limit is not reasonable because the only way to satisfy
such a release limit is by complete reliance on a sealed canister, which
would have to remain leak-tight for 1000 years. If, instead, the limit were
set at 99% containment, use could be made of the intrinsic resistance to
leaching of the waste form itself in satisfying the limit. This is much more
reasonable.
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Reasonable assurance of complete containment of all radionuclides for
1000 years is not possible for several reasons:

a. The fact that zero is an unmeasureably and impracticably small
number to use in specifying the release of material from an real-
world, engineered system.

b. The fact that the entire known history of most engineering materials
which could be consied for application to waste package construc-
tion spans less than 100 years, limiting our direct experience of
their long-term durability. Metals which are found to exist in
their uncombined state in nature (such as gold) must be avoided be-
cause of cost and because of their attractiveness for potential
plunder.

c. The inability of competent and responsible scientists to confidently
extrapolate corrosion experiments of achievable duration to a time
period of 1000 years, given the degree of understanding of corrosion
phenomena which presenty exists. This is particurly true in
view of the complex chemical, thermal, fluid flow, and radiation
conditions which could prevail in a repository. and which will re-
main. to some degree, unpredictable.

In view of these considerations, I strongly urge the Commission to re-
consider its proposed waste package containment limit, and to adopt a more
reasonable and practicable standard, as described herein, which will still
provide the necessary protection of the environment and the public health
and safety. I have not dealt with a more fundamental problem of the lack
of a generally applicable standard for radiation in the environment' upon
which to base any NRC regulation in this area, since I realize this is not
within the Commission's jurisdiction, but it does appear to be an example
of building one's house upon the sand". I would hope that sufficient
coordination has been carried out with the Environmental Protection Agency
to insure compatabilty with whatever "generally applicable standard" is
forthcoming from that agency.

Sincerely,

Richard A. Van Konynenburg

RAYK:bv

Copy to:

R. J. Borg
J. N. Campbell
J. B. Garberson
C. Gatrousis
M. W. Guinan
A. Holzer
A. D McCright
L. D. Ramspott
A. J. Rothman

September 25, 1981

Secretary of the Nuclear Regulatory Commission
Washington, D.C. 20555

Attention: Docketing and Service Branch

The following comments concerning the 10CFR Part 60 proposed rule on
"Disposal of High-Level Radioactive Wastes in Geologic Repositories".
are presented for your consideration

1. Containment and Isolation -Consideration and discussion
of high-level waste (HLW) beyond 20,000 to 30,000 years

appear to be inappropriate. After that amount of time,
even the hazard index for spend unreprocessed fuel (one
form of HLW) is less than that for uranium are deposits.
many of which lie in alluvial deposits which have been
infiltrated by ground water. General Atomic suggests

that all discussion of HLW beyond 20,000 to 30,000 years
be deleted.

1. Retrievablity -Some experts believe that the risk asso-
ciated with allowing a repository to remain unclosed while
the validation process continues is greater than the risk
associated with closing the repository before validation
is complete. These beliefs are based on preliminary
probabilistic risk assessments (FRAs) which support a con-
clusion that, in general, disposal (closed repositories)
has a much lower risk then storage (unclosed repositories).
General Atomic suggests that an alternative method by which

to determine the time to close a repository would be to
require closure when the risk from teh closed repository
operated using partially validated processes is equal to
the risk due to potential environmental releases and human
errors at an unclosed repository.

3. Human Intrusion -The term "little resource value", is
worrisome in that it is insufficiently specific to allow

one to make decisions pertaining to the acceptability of a
proposed site with a requisite degree of confidence.
General Atomic requests that quantitative criteria be given
which allow one to assess the acceptability of a site based
on its "resource value" relative to some standard.
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4. Alternative Approach - General Atomic prefers that the first

alternative for formulating performance criteria be used.
This alternative gives maximum flexibility in facility design
and site choice. It is important to maximize the flexibility

of design during repository development. so that no innovations
or potential improvements are precluded due to the ill-advised
imposition of overly restrictive criteria. The first alternative
assures that the safety and health of the public are adequately
protected while allowing the designers and operators to devise
the most efficient and economical way to satisfy the overall
performance standard. In addition, in the absence of a cost/
benefit analysis supporting alternative 2 or 3, it would be
overly conservative to use any alternative other then alterna-
tive 1. Furthermore, because of the importance of flexibility.
it appears to be inappropriate to require three barriers as
delineated in the proposed rule. The number of barriers should
remain unspecified until design development indicates that the
desired goal can not be reached without the imposition of a
requirement for a specific number of barriers. In summary,
General Atomic suggests that alternative 1 be used in formu-
lating the proposed 10CFR Part 60 and that alternative 2 be
adopted only after NRC determines that the designs resulting
from alternative 1 are unacceptable.

5. Siting Requirements -Because there is no strong motiviation for
locating a waste repository near a population center (as there
is for nuclear plants), and because the chosen sites should have
"little resource value", there is only a small probability that

future populations will significantly affected by the site
choice unless deliberate actions to move near the site are taken.

Those long term population considerations are probably impossible
to control; therefore, including the in the proposed rule would
most likely be futile. However, because the greatest threat to
the general public exists during the early life of the repository
when the emplacement (and possibly the retrieval) of the wastes is
taking place, General Atomic believes it would be feasible and
appropriate to impose population density or distrubution criteria
on the site selection.

6. Section 60.2 - In order to avoid potential inconsistency of
application. General Atomic suggests that the definitions of the
term. "Geologic repository operations area" that appear in
Sections 60.2 and 6.102. be revised so that they are identical.

7. Section 60.2 -General Atomic requests that a definition of the
term, buffer", be added to this Section. This term is used in
the proposed rule and should he defined to ensure consistent
interpretation.

e. Sections 60.lll(b)(2)(i) and (ii) - General Atomic supports the
use of an "as long as reasonably achievable" approach to speci-
fying requirements for HLW containment, and an "as low as reason-
ably achievable" approach to requirements for the control of
releases. The arbitrary imposition of 1000 years and 10 ppm
limits may be in some cases too lamient while in others overly
restrictive. For example, some preliminary estimates indicate
that in all geologic media except salt, unacceptable conse-
quences might result if the HLW were not contained for more than
1000 years. and subsequently released at rates less than 10ppm/yr
because of estimates such as these and the fact that repository
technology is in the early stages of development, it would be
unwise to use approaches to design and operation which do not
maximize flexibility and the opportunity for innovation.

9. Section 60.112(a).(b) and (c) -As a result of the difficulty
and uncertainty in assessing geologic parameters, General Atomic
suggests that the word. "exhibited", be replaced by "inferred"
in (a) and (b), and by the phrase, "inferred, calculated or
measured", in (c).

10. Section 60.122 through 124 -These sections list the considerations
that any applicant can not avoid evaluating as part of the prepara-
tion of submittals for a license. In addition, the manner of
tation is tuterial and prolim and in their present form the sections
appear to be inappropriate for inclusion in a regulation. Therefore,
General Atomic suggests that these sections be extensively edited to
remove gratuitous information and unnecessary verbage, and to focus
more clearly on the guidance NRC intends to communicate to the user.

11. Section 60.122(f) - The use of the word. "substantially" is
unacceptably imprecise. General Atomic requests that the NRC's
intent be quantified.

12. Section 60.30(b)(4) -In order to add a necessary degree of preci-
sion, General Atomic suggests that the last part of paragraph (i)
be altered to read" ...during and after the maximum credible fire or
explosion in the geologic... In addition, General Atomic suggests
that a criterion be added which excludes the use of explosive and
flammable materials in the emplacement operations areas.

13. Section 60.132(b) - General Atomic believes that this paragraph is
too non-specific to be of any use. In addition, the degree of
design flexibility should be left to the designer. Therefore,
unless the guidance NRC intends to communicate through this para-
graph can be made more specific, the paragraph should be deleted.

14. Section 60.132(k)(2)(iii) -General Atomic believes that evaluation
of "host rock fracturing" under changing temperature should concern
only one thermal cycle. "cold is not to cold", not a number of cycles

as implied by this paragraph.
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15. General -The major area of concern treated in 10CFR60 is radio-
logical risk. General Atomic believes that in addition to radio-
logical risk the potantial risk from chemical hazards associated
with the materials used in the waste packages, shaft and borehole
seals, and other activities which occur during the construction
and operation of the repository should also be considered.

Please consider those comments in future actions concerning 10CFR Part 60.

Colin R. Fisher. Manager
Licensing, Reliability and Systems Dept.

Secretary of the Commission
U. S. Nuclear Regulatory Commission

Washington, D.C. 20555

Attention: Docketing and Service Branch

Subject: Proposed Rulemaking on Disposal of High-Level Radioactive
wastes in Geologic Repositories 10 CFR Part 60
35280 July 8, 1961)

Dear Sir:

Commonwealth Edision has reviewed the subject proposed
rule. In addition to our specific comments attached we support the

positions of the utility Nuclear waste Management Group, the
American Nuclear Society and the Atomic Industrial forum on this
rulemaking. We appreciate having been given the opportunity to

comment.

Sincerely,

L D. DelGeorge

Director Nuclear Licensing



Commonwealth Edison Comments
on Proposed 10 CFR Part 60

1. The "systems approach" is not only essential out it has
been supported by the IRG and all other major Government
studies. This means the establishment of a performance
criterion for the entire repository system. The
multi-barrier approach is acceptable. however,

criteria for the performance of individual barriers is

unacceptable.

We do not contend that the geologic barrier it adequate to

assure absolute isolation in all design cases. We do
recognize that the various barriers can and should

contribute.

However, any arbitrary performance criteria will restrict

the flexibility of the designer.

2. The concept of retrievability is not a proper part of good
repository design. The materials can be retrievable until

the portion of the repository in which they are placed is
closed. After that no retrievability criterion should be
applied.

3. The regulations should be cleaned up to eliminate any

criteria that restrict site or repository selection to a

particular medium of tend to rule out any medium.

4. There is no justification whatsoever for any population

density criteria. All shipments will have to meet

appropriate transportation safety requirements, and the

handling of materials will be done on site subject to 10

CFR Part 20 and other appropriate requirements.

5 ALARA is a concept that applies to operations. It has no

place in repository design or design criteria. The fact is

that radiation dose for workers and for the public will

really be one of the smallest and most carefully controlled

impacts in the entire project. It is unrealistic to give

it featured treatment by suggesting that ALARA should be a

criterion of design.

Dear Sir or Madam:

Hydro-Search is presently collecting reference material concerning radio-
active wastes and ground water. We are looking specifically for quantita-
tive minimum and/or maximum regulatory standards.

We are interested in obtaining a copy of the proposed technical criteria
for the geologic disposal of level radioactive wastes which was pub-
lished in the July 8 Federal Register, in addition, we would greatly

appreciate any other publications addressing the disposal of radioactive
wastes. Should there be a charge for the above material, please invoice
Hydro-Search in that amount.

Thank you for your assistance.

Sincerely,
HYDRO-SEARCH, INC.

Ann Muccigrosse



SOUTHWEST RESEARCH INSTITUTE

Secretary, Nuclear Regulatory Commission
Washington, D.C. 20555

Attn: Docketing and Service Branch

Dear Mr. Secretary:

Subject: Comment on 10CFR Part 60 "Disposal of High-Level Radioactive
Wastes in Geological Repositories (Federal Register, Vol)
46,No. 130, Wednesday, July 8, 1981 (Proposed Rules.)

Southwest Research Institute, a not-for-profit corporation whose principal
activity is applied engineering in the public good, is priviledged to
respond to the subject proposed rules. The Institute finds its services
to the electric power utilities, and particularly those who have nuclear
reactors, groving at a rapid rate. Moreover, this service has become
World wide and our personnel are on site and in touch with reactor and
regulatory people in most of the countries of the Western World.

1. The Institute is firmly in favor of the proposed rule as outlined
by the Commision. The United States desperately needs such a repository.

2. The Institute would, however, much prefer to see the repository
limited to; and designed for, only those high level wastes that result
from the reprocessing of spent reactor fuels and the manufacture of nuclear
weapons. The Institute believes that domestic uranium is a depletable U.S.
resource that, in the long term, will be critically important. Reprocessing
would appear to be essential in the future. If a reprocessing plant(s)
could come on stream within a reasonable period of time, costs of the
proposed repository would be reduced because the need for retrieval would
be eliminated. Further, any spent fuel in storage is a waste of energy
generating capability.

AMERICAN NUCLEAR SCCIETY
555 North K Kensington Avenue, LaGrange Park, Illinois 60525 USA

Secretary cf Tne Nuclear Regulatory Commission
Washington, D. C. 20555

Attention: Docketing and Service Branch

1717 M Street. N.W.

Gentlemen:

On behalf of the American Nuclear Society, I
respectfully submit the Society's comments and position
on the proposed rule, 10 CFR Part 60 (Technical Criteria
for Disposal of High-Level Radioactive Waste in Geo-
logical Repositories). ANS has actively followed the
progress of the rule-making with a technical support
committee of interested and technically qualified

members of the Fuel Cycle and Waste Management Technical
Division. These official ANS comments and position
were prepared and reviewed by members of the aforementioned
Technical Division, a special committee of senior ANS
members, and the Society's Executive Committee.

The American Nuclear Society respect fully submits
that the proposed regulation should be withdrawn or,
at a minimum, extensively revised. If it is withdrawn,
we would hope that a substitute proposed rule would be.
developed expeditiously. Further, ANS strongly recommends
that all subsystem numerical performance requirements
be deleted in of more general statements permitting
system trad to achieve the desired overall system
or repository performance. Specifically, the following
values sh

1000-year Waste packages

10-5 Long-Term Release Rate (Section 60.111(b)(2)(ii (A))

1000-Year Undisturbed Water Travel Time [section 60.112(c))

50-Year Retrieval Time (Section 60.1l1 ((2)

G. C. Lawrason, Chairman
Radiological Health & Safety Committee
Southwest Research Institute and
Department Director,
Energy Systems Research Division



PACIFIC LEGAL
FOUNDATION

Secretary of The Nuclear Regulatory Commission
October 14, 1981
Page 2

It is our concerted view that overly restrictive and
specific performance standards are not necessary, and that
such standards in regulation form are likely to add to the
overall cost of waste disposal without achieving any degree
of benefit to the public health and safety Instead, using
current engineering practices, a carefully sited, engineered,
and designed repository coupled with effective confirmation
and design validation can assure compliance with a single,
overall performance criterion for the repository as a whole
system. The application of such a single performance standard
would not only coincide with the Environmental Protection
Agency's recommended approach of the systems concept, but
would permit repository designers to optimize the repository
as a system of both natural and engineered barriers for differing
site and geologic medium characteristics.

We would be pleased to discuss these comments further
with the Commission and assist you in the Development of
appropriate, alternative criteria.

Sincerely,

Corwin L. Rickard
President

cc: N. J. Palladino, Chairman
J. Ahearne
P. A. Bradford
V. Gilinsky
T. Roberts

COMMENTS OF THE AMERICAN
NUCLEAR SOCIETY ON PROPOSED RULE

TECHNICAL CRITERIA: DISPOSAL OF HIGH-LEVEL
RADIOACTIVE WASTES IN GEOLOGIC REPOSITORIES

46 Fed. Reg. 35280 (July 6, 1981)
(to be codified at 10 C.F.R. Part 60)

RONALD A. ZUMBRUN
RAYMOND M. MOMBOISSE
EILEEN B. WHITE
Pacific Legal Foundation
1990 M Street, N.W., Suite 550
Washington, D.C. 20036
Telephone: (202) 466-2606

JAMES R. HEELAN
American Nuclear Society
555 North Kensington Avenue
La Grange Park, Illinois 60525
Telephone: (312) 352-6611

Of Counsel
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SUMMARY

The American Nuclear Society (ANS) respectfully submits

that the proposed regulation should be withdrawn or, at a

minimum, extensively revised.

ANS is of the concerted view that the draft regulation

should apply the systems concept, instead of the present stress

on subsystems, and as recommended by the Environmental Protection

Agency (EPA) in the March 19, 1971, Working Draft of 40 C.F.R.

Part 191.1 Further, the present draft regulation contains

significant sections, with related arguments, that are

technically unjustifiable and that overly constrain the design of

specific components and subsystems.

The concept of the repository as a system requires

consideration of both natural and engineered barriers in arriving

at a regulatory decision. Each repository site will differ in

the reliance that can be placed on natural barriers and,

therefore, varying degrees of compensating design margins through

engineered systems should be permitted. The designer should not

be constrained from optimizing these relationships by the

imposition of design specifications" or subsystem numerical

performance requirements such as those stated by the Nuclear

Regulatory Commission (NRC) in the proposed rule.

Environmental Protection Agency, 40 C.F.R. Part 191 (1981),
Environmental Standards and Federal Radiation Protection Guidance
for Management and Disposal of Spent Fuel, HLW and TRU Wastes,
Working Draft 19 (March 19, 1981).

, 1 -

ANS strongly recommends that all subsystem numerical

performance requirements be deleted in favor of more general

performance objectives which would permit subsystem trade-offs to

achieve the desired overall repository system performance.

specifically the following values should be deleted:

1. 1,000-Year Waste Package Life (Section 60.111(b)(21)

2. 10-5 Long Term Release Rate (Section 60.111(b)(2)(ii)(A)

3. 1,000-Year Undisturbed water Travel Time
(Section 60.112(c)); and

4. 50-Year Retrieval Time (Section 60 111(a)(2l)

INTRODUCTION

A. The American Nuclear Society

ANS, an international organization of engineers and

scientists. now in its 27th year, is a nonprofit scientific,

technical, and educational organization. ANS currently has an

individual membership of over 13,000 and is governed by its

officers and a Board of Directors elected by the individual

membership.

To carry out its purposes. ANS has 16 separate technical

divisions. The objective of each division is to provide means

for furthering the science, engineering, and art of that branch

of scientific discipline. The disciplines range from those

related to nuclear power--such as nuclear fuel cycles, waste

management, radiation protection and shielding, reactor safety,

and reactor operations--to other disciplines, such as controlled

nuclear fusion, isotopes and radiation, environmental sciences,

and alternative energy technologies and systems.
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B. Scope of American Nuclear Society Review

These comments are in response to NRC's proposed rule on

"Disposal of High-Level Radioactive Wastes in Geologic

Repositories,' 46 Fed. Reg. 35280 (July 8, 1961) (to be codified

at 10 C.F.R. Part 60, Subpart E--Technical Criteria. Nuclear

Regulatory Commission). ANS has actively followed the progress

of this proposed rule with a technical support committee of

interested and technically qualified members of the fuel Cycle

and Waste Management Technical Division. Based on a technical

presentation of those division members and the overview of a

special committee of senior ANS members, ANS has developed and

formulated the enclosed formal, official position on the proposed

rule.

REGULATORY APPROACH

A. The Proposed Performance Standards for the Repository
Are Overly Restrictive and Unnecessary

NRC lists three alternatives to regulate geologic

disposal of high-level waste. They are:

1. Alternative No 1 Prescribe a single
overall performance standard for the
repository that must be met. The
standard in this case would be the EPA
standard.

2. Alternative No. 2: Prescribe minimum
performance standards for each of the
using elements or subsystems, in
addition to requiring the overall system
to meet EPA standards.

3. Alternative No. 3: Prescribe detailed
numerical criteria on critical
engineering attributes of the repository
system.

NRC concludes that Alternative No. 2 appears to be the

most practical compromise between Alternative Nos. 1 and 3.

However, a compromise alternative is not necessarily the best

alternative. Alternative No. 1 is more acceptable because it

permits the use of a systems concept to incorporate the

contributions from natural and engineered barriers. Overly

restrictive and specific component and subsystem performance

standards are not necessary and are likely to add to the overall

cost of waste disposal, without achieving any significant degree

of benefit to the public health and safety.

Using current engineering practices, a carefully sited,

engineered, and designed repository coupled with effective

confirmation and design validation can assure compliance with a

single, overall performance criterion for the repository as a

whole system. In satisfying a system or repository performance

standard, the use of natural and engineered barriers will assure

acceptable containment of the waste for the appropriate period of

time and provide the required protection of the public health and

safety and man's environment.

During operation of the first repository, appropriate

modifications can be made in design features and repository

layout if results of operation necessitate such changes.

Therefore the overly restrictive standards now proposed for

components and subsystems are not warranted.

B. The Proposed multiple Barrier Approach Should
Allow Appropriate Credit for Natural Barriers

In evaluating multiple barriers, NRC has considered

three alternatives. These are:

3 - - 4 -



1. rely entirely on the natural barriers of
the site to meet the system performance
standard,

2. rely entirely on engineered barriers to
meet the system performance standard; and

3. rely on a combination of engineered and
natural barriers to meet the system
performance standards. 46 Fed. Reg. 35281
(July 8, 1981).

Alternative Nos. 1 and 2 were abandoned by NRC because

of (1) uncertainties in the natural barrier performance under the

stress of waste-induced changes, and (2) avoiding unduly

constraining system design."

In adopting Alternative No. 3, NRC states (see,

Enclosure 3 at 26)2 that the "staff decided to set a long-term

release rate for the underground facility and waste packages

working together' without mention of the natural barriers as a

part of the system. This is not Alternative No. 3, but rather a

more tightly constrained Alternative No. 2.

The concept of the repository as a radioactive waste

isolation system requires consideration of the contribution of

all barriers in arriving at a regulatory decision. Each

repository site will be able to place differing reliance on the

natural barriers and, therefore, the site-independent numerical

subsystem performance specifications stated in Sections 60.111

and 60.112 should be withdrawn.

2 Enclosure J. Commission Paper SECY-8l-267 Rationale for
Performance Objectives and Required Characteristics of the
Geologic Setting (April 23, 1981

* 5

EPA in its working draft of 40 C.F.R. Part 191 (1961)

has commented on the system concept in several places.

Specifically, EPA's draft notes: We believe that making the

overall disposa; system meet numerical performance requirements

by taking advantage of substantial protection from each of its

components will provide adequate protection most economically"

(40 C.F.R. Part 191 at 13). This concept more nearly complies

with Alternative No. 3 than specific numerical design

specifications for each subsystem or component.

C. The Proposed Rule Should Recognize that Performance
Uncertainties Can Be Minimized by bounding
Analysis and Design

NRC has placed undue emphasis on the nature of the

uncertainties associated with the transport of the waste through the

geosphere to the exclusion of other important considerations.

For example, uncertainties can be ascertained and made

inconsequential by bounding analysis and design. Potential

performance uncertainties are better addressed and minimized in

the design of a repository and other features through the

establishment and incorporation of acceptable nonregulatory

design limits for the uncertainties which may reside in a

particular of circumstances, rather than the establishment of

overly conservative technical criteria in the form of a rule to

cover all supposed repository arrangements and contingencies.

Further, a careful site selection process. using currently

available investigatory techniques and engineering practices and

based on the proven historical stability of the geologic setting,

can minimize tectonic and hydrogeologic uncertainties and provide

6-



adequate protection of the public health and safety and man's

environment.

* v

PERFORMANCE OBJECTIVES

A. The Requirement for a 1,000-Year Containment Period
by Engineered Barriers Is Grossly Excessive and
Unsupported by Scientific Fact

Section 60,1l1(b)(2)(i) requires that the waste packages

contain all radionuclides for the first 1,000 years after

permanent closure.

NRC claims that the basis for the choise of 1,000 years

is mainly that the heat induced by the waste in the geologic

medium will increase the waste package leachability and reduce

the near-field transport time, with the net result that the

radiological source term from the "disturbed zone" increases.

NRC does not argue that the 1,000-year containment period is

necessary to reduce the overall radiological release to man's

environment to an acceptable level.

It is agreed that the postulated release from the

underground facility would be accelerated due to resulting higher

temperatures in the geologic medium but, generally, the

calculational models used do not take credit for any holdup or

delay of radionuclides in the region of relatively higher

The use of "a1 1 " could be interpreted that no waste package
failure could be allowed in 1,000 years. Using probabilistic
design analyses, it must always be concluded that some chance of
failure exists. Consequently. percent of failure allowed must be
defined if any fixed life is to be required for the waste
package. Therefore, the proposed wording is unrealistic.

temperatures. Rather, the radiological source term for the far-

field transport models are derived directly from the waste

package release rate as it the heated geologic medium region or

"disturbed zone" did not exist. Thus, any acceleration of

release from the underground facility due to temperature effects

has already been discounted and, therefore, should not be used to

penalize the waste package design.

Furthermore, heat or high temperature does not make

waste-package containment more necessary, only more difficult to

achieve. The waste-package containment requirement during any

period should be based on the acceptable release quantity during

that period, not on changes in nearby or adjacent conditions. A

relatively higher temperature environment and the presence of

water in a repository will make the waste package more difficult

to design, but these factors should not influence the required

waste-package performance, particularly when no credit is taken

for near-field or "disturbed zone" retardation.

In addition, analyses have shown that NRC's stipulated

1,000-year containment period for waste packages or an engineered

barrier would not have the suggested effect of supposedly

reducing the release of radionuclides via hydrogeologic transport

to man's environment. For example, Cloniger et al 
3

have shown

that a waste-package containment period between 0 and 100,000

years does not contribute to reducing radiological consequences

3 M.O. Cloniger, et al. An Analysis on the Use of Engineered
Barriers for Geologic Isolation of Spent Fuel in a Reference Salt
Site Repository, PNL-JJ56 December 1980).
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to man's environment; instead, this reduction is satisfied

through the regional geology or natural barriers. Thus, the

1,000-year containment period results in relatively no benefit

for reduction n radionuclide releases, as compared to that for

the natural barriers. It should also be noted that NRC's implied

"zero leakage" criterion in the proposed 1,000-year containment

period is impossible to prove.

Using somewhat different models, an almost identical

conclusion is reached by Pigford. et al.4 Their results indicate

that in varying waste package containment times from 1 to 10,000

years makes no difference to release rates for a spectrum of

important long-lived isotopes.

For the above reasons, the 1,000-year containment period

by engineered barriers provides no added safety and is

unsupported by scientific evidence.

B. The Long-Term Release Rate Is Unsupported by
Analyses and Studies

Section 60.111(b)(2)(ii) requires that the engineered

system design shall provide the annual release of any

radionuclides not exceeding one part in 105 of the waste

inventory after 1,000 years. Three alternatives for the

criterion for the release rate from the engineered system after

the containment period were proposed (see Footnote No. 7,

Enclosure J).

T. M. Pigford. et al, Migration of Radionuclides Through
Sorbing Media, Analytical Solution, II, LBL-11616, OC-70
Vol. 1 (October, 1980).

"(i) a range of 10-3 to 10-4/year, which is
typical of leach rates of many
borosilicate glasses at low temperature;

(ii) a release rate of 10-5/year;

(iii) a release rate of 10-7 year."

Alternative No. (1) states that the borosilicate glass

is expected .. to crack into fragments 10 cm on a side. The

section goes on to state that the 10-5 to 10-6 g/cm2/day leach

rates of the glass in conjunction with the expected cracking

results "in a range of annual release rates of 10 3 to 10-4 of

the waste inventory." The basis for this conclusion is not clear

since the dissolution rate of the waste inventory will depend on

waste matrix parameters, groundwater flow rates and properties,

local geochemistry characteristics, and local temperature, as

well as fragment size and leach rate. Thus, the annual release

rate is expected to be a strong function of the repository system

design, the selected geologic medium, and local hydrogeologic

characteristics.

EPA rationale expressed for leach rates appears to be

more appropriate. The leach rates of various waste forms must be

cast in the role of contributing to confinement in conjunction

with the repository. Borosilicate glass has excellent low leach

rates over the long term. NRC-quoted high rates of 10-5

gm/cm2 /day are usually for shorter term tests for 90 Sr and 137

Ca leaching, which are likely to be chemically retained in

quantity in the near-field or "disturbed zone"; longer term tests

with actinides fall in a much lower range of values. The setting

of annual release rates would be better handled through the

9 -



establishment of an overall repository release l i mi t b y

incorporating this limit in an overall system performance

standard.

NRC has chosen the annual release rate of waste of 105/year

as the long-term performance objectives for the engineered system

or barriers. In arriving at this number, NRC argues that a

larger number, such as,10-3/year, would require relying almost

entirely on the geology and the far-field geochemistry while the

selected number of 10 5 /year would contribute to reducing doses

and substantially reduce reliance on geochemical retardation,

This argument is provided without reference to supporting

analyses or studies.

As an example, the preceding argument by NRC is contrary

to an analysis by Cloniger, et al. (see Footnote No. 3) who

concludes:

"While the need for and the effectiveness of a
release rate limiting barrier function is
somewhat dependent on the sorption properties
of the geologic media, generally a release rate
of less than 10-3 yr-1 (fractional) is necessary
to reduce the potential dose from 14C. 99Tc,
and 1291 to a baseline level below that of the
actinides. Beyond that, a release rate of less
than 10-5 yr is required before the potential
dose from the actinide chains can be further
lowered by this mechanism. This is because t
distribution of actinide chain members in time
and space, due to their different sorption
properties and the characteristics of the
groundwater flow field, has the same effect as
a release rate reduction of between 10-5 to
10-6 yr-1. Only in extreme cases of the
intrusion water well scenario is there a direct
relationship between release rate from the
repository and release to the biosphere."

C. The Water Travel Time to the Accessible Environment is
invalid Without a Clear Definition of "Accessible
Environment" and Analysis of Differing Site Specific
Characteristics

Section 60.112(c) states a requirement that prewaste

emplacement groundwater travel times through the far-field to the

accessible environment are at least 1,000 years.

while the 'water travel time' concept may have validity

in assessing multiple barriers, the ambiguity of what constitutes

the 'accessible environment" can lead to a number of

interpretative results for this factor, as applied to differing

site specific characteristics. It would be better to more

clearly define the "accessible environment" as a surface or near

surface water body or body of significant quantities of water
that could conceivably realize extensive use. In the absence of

analyses justifying 1,000 years for differing site specific

characteristics and a clear definition of "accessible

environment," ANS recommends deleting this numerical value.

D. The Retrievability Criteria is Unnecessary

Section 60.111(a)(2) states a requirement for a waste

retrievability period for up to 50 years after waste emplacement

operations are completed. NRC's concept of retrievability and

the states' arguments concerning related time periods are

inappropriate.

NRC decision to require a final licensing step prior to

decommissioning or permanent closure provides the opportunity for

examination of the repository performance up to that time. Since

the repository is planned to be operational for more than 30

years, the first waste emplaced will have been in monitored

- 11 - - 12 -



storage for this time period when the last waste is emplaced. If

the applicant can demonstrate safety based on these data, no

further period of retrievability should be necessary.

We understand that the 50-year retrievability period is

designated to assure the retrieval option remains open during

repository operation and is not precluded by repository design.

This objective can be achieved without defining an artificial

time frame if the rule is so worded to set forth this

objective. The retrieval option can be easily exercised, for one

of the distinguisning features of deep geologic disposal is that

the waste inventory and location is well documented.

Technologically there should be no problem, for what can be

emplaced can also be removed. The design and engineering of such

retrieval are well within current state of the art. This concept

is reflected in the current National Waste Terminal Storage

(NWTS) position5 which we believe presents a logical approach for

satisfying the retrievability objective.

V

CONCLUSIONS AND RECOMMENDATIONS

ANS is of the concerted view that the present draft

regulation should apply the systems concept instead of the

present stress on subsystems, and contains significant sections,

with related arguments, that are technically unjustifiable and

overly constrain the design of specific components and

5 W. A. Carbiener, Retrievability: The NWTS Position,
Proceedings of the Symposium on Waste Management Tucson,
Arizona (February 23-26, 1981).

subsystems. Therefore, the proposed regulation should be

withdrawn or, at a minimum, extensively revised. The following

genera; conclusions are made,

With regard to the regulatory approach
and the technical criteria alternatives.
Alternative No. I or a single overall
repository performance standard is more
acceptable. Overly restrictive
component and subsystem performance
standards are not necessary and are
likely to add to the overall cost of
Waste disposal, without achieving any
significant degree of benefit to the
public health and safety.

The concept of the repository as a
radioactive waste isolation system
requires consideration of the
contribution of all barriers in arriving
at a regulatory decision. Each
repository site will be able to place
differing reliance on the natural
barriers and, therefore, design margins
through engineered systems should be
provided on a site-specific basis.

NRC has placed undue emphasis on the
nature of the uncertainties associated
with the transport of the waste through
the geosphere to the exclusion of other
important considerations. Such
uncertainties can be ascertained and
made inconsequential by bounding
analysis and design.

Analyses have shown that NRC's
stipulated l,000-year waste-package
containment period results in relatively
no benefit for reduction in radionuclide
releases as compared to that for the
natural barriers.

The setting of annual release rates for
radionuclides would be better handled
through the establishment of an overall
repository release limit by
incorporating this limit in an overall
system performance standard.

In the absence of analyses justifying
1,000-year water travel time for

- 13 - - 14 -



differing site-specific characteristics
and a clear definition of "accessible
environment." the validity of this
numerical value is questionable.

The retrievability concept reflected in
the current NWTS position presents a
logical approach for satisfying the
retrievability objective and is more
appropriate than the proposed 50-year
period.

ANS strongly recommends all subsystem numerical

performance requirements be deleted in favor of more general

performance objectives which would permit subsystem trade-offs to

achieve the desired overall repository system performance

Specifically the following values should be deleted:

1. 1,000-Year waste package Life,

2. 10-5 Long-term Release Rate;

3. l,000-Year Undisturbed Water Travel Time;

4. 50-Year Retrieval Time:

DATED: October 19, 1981.

Respectfully submitted,

RONALD A. ZUMBRUN
RAYMOND M. MOMBOISSE
EILEEN B. WHITE
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Secretary, Nuclear Regulatory Commission
October 19, 1981
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SPECIFIC COMMENTS

Section 60.2 Definitions. Should include definitions of hydrologic
terms such as ground water, etc. Excellent sources of definitions are U. S.
Geological Survey Water Supply Papers 1986 and 1541 A. U.S. Geological
Circular 779 is as excellent "thinking document" when consideringj radwaste
and earth science.

Section 60.10 (b) Site Characterizaion 1 agree with the requirement
for in situ parameters-a prime requirement for the collection of hydrologic
data.

Section 60.10 (d). The suggestion to limit adverse effects by limiting
the number of subsurface "penetrating" indicates the used for the foremen-
tioned "state oversight" group and the interdisciplinary planning of
penetrations or test for multipurpose date activities--geologic, hydro-
logic, etc. Current studies have not always been planned with this in mind
but have had a "lack of data" syndrome and the need for "more holes"
attitude.

Section 60.21 (e) (1). Data needs should include absorptive and adsorptive
properties and other clay properties. It should be recognized that clay is
not impermeable.

Section 60.102 (c). Last sentence should read,"...particular
attention must be given to the characteristics of heat rock, material sur-
rouding the host rock regional hydrologic meeting, and the past, present
and predicted future effects of manmade and natural stresses on the hydrologic
system." (Underlined material added)

Section 60.112 should be head "Required characteristics of the geologic
and hydrologic setting."

Section 60.112(e). The requirement of 1000 years for isolation of the
"waste package" when considering ground-water travel time cannot be predicted
without uncertainty because of the inability of the scientist is guar-
antee future hydrologic conditions, the stability and integrity of host rock,

and the effects of manmade stresses. Although models may not be capable of
giving a single unquestionable answer for 1000 years and changes may occur
with time, it should be realized that a model may be able to provide a spectrum
of alternatives based or (1) the geology and hydrology (2) the historical
stability and integrity of the host rock. (3) the regional and local hydrology
of the materials surrounding the host rock, (4) the present and predicted long-
term effects of manmade and natural stresses that have some degree of uncer-
tainty. (5) the radwaste form, and (6) degree of accuracy of the in site
hydrologic parameters. In summary, it is satisfactory to assume, with all
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the uncertainties candidly discussed, that 1000 years predictions for ground
water movement can be made but with an ever increasing degree of uncertainity

and concern. The inability to predict long-term ground water movement can
be effect by the adoption of a philosophy to avoid the possibility of "ground
water interaction" by locating sites so that hte host rock is not surrounded
and overlain by water-saturated material.

Section 60.111 (a) (2). This section (July 3. 1981 in Federal Register)
gives the retrievability time of starting at any time up to 50 years after
waste emplacement" not 110 waste as mentioned in Dr. Heath's memorandum. As
I recall a 50-year period is considered to be temporary storage time. Is this
intended to be a "safety feature" for a permanent storage facility? Regardless
if it is to be permanent radwaste facility, the emplacement should be designed
for an infinite period of time.

Section 60 111 (b) (ii) A and B. Is regards to a I to 103 part release
rate, the failibility of man and the unpredictability of nature and men's
activities may consider this release rate to be unacceptable. However, if
nuclear physiciate can assured that the risk, if any, will be minimal and that
the rate of release will not endanger the biosphere and geosphere, then the
release should be satisfactory.

SUMMARY

Geology provides information on the "makeup of the container" whereas
hydrology quantifies the hydrodyneamics of the syste. Thus, geologic studies
alone do not provide information required to estimate the movement of fluids
and answer questions pertaining to the reate of movement of radionuclides and
water especially in areas where the host rock is surrounded by saturated
materials. Local and regional hydrologic modeling should be prime prerequi-
sitite during the initial phase of a site study because it not only provides
information on the effects of hydrologic stresses but indicates data needs
and oftentimes indicates geologic unconfermities. Unfortunately, the early
stages of studies made in the Gulf Coast areas did not include enough emphasis
on hydrologic studies. As a consequence, questions related to the interaction

of hydrology to the shear zone, the, the tissuras in the caprock, the
salt, and to the rate and direction of ground-water movement cannot be answered
with a slight degree of confidence at this time and probably for some time

the future. Thus NRC proposed regulations should place equal importance
on hydrologic studies to prevent omissions during the date-collection phase
and provide for multidiscipline activities. Final determinations as to the
suitability of a salt dome for radwaste storage will be unnecessarily delayed

until the proper hydrologic data are collected and regional and local hydrologic
module are started, calibrated, verified and accepted.
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Other subjects that used early consideration in the licensing processes
are socioeconomics, archealogical, and wildlife.

Very truly yours,

Director

ANT/abe
ec: Mr. J. O. Neff

Mr.Colin A. Heath

October 14, 1981

Nuclear Regulatory Commission

Washington, D.C. 20555
Dear Mr. Chairman:

Pursuant to the request for comments on the Commission's
;proposed technical criteria for the disposal of high level
nuclear waste, the undersigned urge that the Commission

include population factors as criteria for siting a
nuclear waste repository.

It is our belief that the nuclear material storage problem
can be resolved by selecting sites in remote, uninhabited or
sparsely populated areas which our scientific community believes
to be absolutely safe. We urge that until it can be proven by

extensive testing that nuclear waste can be stored safely, public
anxiety will be justifiably high. By focusing on sites located
as far away from populated areas as possible, public concern will
be reduced.

Sincerely yours,

JOHN C. STENNIS THAD COCHRAN
United States Senator United States Senator



United States Department of the Interior
OFFICE Of THE SECRETARY
WASHINGTON, D.C. 20240

Secretary
Nuclear Regulatory Commission
Washington, D.C. 20555Dear Sir:

We have reviewed the proposed rule for Disposal of High-Level
Radioactive Wastes in Geologic Repositories. Our comments
which are enclosed are based on a review of the proposed rule,

study of the document, "Rationale for Performance Objectives and
Required Characteristics of the Geologic Setting: Technical
Criteria for Regulating Geolgogic Disposal of High-Level Radio-
active Waste" provided by the NRC, and attendance at several
meetings with NRC at which various provisions of the rule have
been discussed at some length.
We hope these comments will be helpful to you in the preparation
of a final rule.

Sincerely

Bruce Blanchard, Director
Environmental Project Review

Enclosure

Performance objectives for multiple barriers (60.111. 60.112).

As was the case with the Advanced Notice of Proposed Rulemaking for
10 CFR Part 60 Federal Register, May 13, 1980) (letter from Director,
USGS, to Secretary, NRC, dated July 10, 1980). We agree with the NRC
that performance objectives are needed for each of the three major
barriers within the waste isolation system We recognize that trade-
offs among the barriers will be possible and desirable and that DOE
should be allowed considerable flexibility in overall system design.
Further, a suitable combination of barriers for the system will depend
strongly on the specific site chosen for a repository. Analysis of
the effectiveness of various barriers, however, will depend strongly
of models with inherent uncertainties in the models themselves, in the
"sture of the geologic and hydrologic environment in which the waste
is placed, and in the future evolution of that environment as It
interacts with the waste and is subject to natural perturbations. Speci-
fying minimum performance objectives for the three main barriers can
overcome these uncertainties to some extent. Redundancy among barriers
is particularly important during the period when short-lived fission
products (Sr and Cs) dominate the hazard and heat generation is greatest.

The form and wording of the minimum performance objectives are understand.
ably difficult problems for the Commission. Future increases in technical
knowledge of waste disposal systems can be expected to reduce the total

uncertainty of models somewhat and lead to more cost effective and workable
combinations of engineered and natural barriers. For example, efforts in
the USGS are under way to find optimum combinations of natural features
within one province of the country (Sedinger and Sergent, 1981). For these
reasons, we feel that some performance objectives could be modified in the
future, dependent on the environment of disposal as long as the governing
EPA standard can still be met.

a. Waste package

The performance objective for the waste package has generated some of the
most heated discussion as to necessity and feasibility. Cloninger and
others (1980) have produced models implying that the longevity of the waste
package has very little influence on the long-term risk unless the package
lasts for a million years or more. The present rule requires reasonable
assurance that the wastes will remain contained within the waste package
for at least 1,000 years following closure of the repository. Some level
of early containment of the waste is clearly needed to provide protection
against possible short-circuiting of the natural ground-water flow system
by new or unknown fractures, improperly plugged shafts and boreholes, or
inadvertent human activities that might disturb the geologic system during
the time when the wastes are most hazardous and uncertainties over thermal
effects the greatest. Such protection could be provided by the waste con-
tainment objective stated by DOE in teh Confidence Rulemaking Proceeding
(DOE. 1980).



*Waste containment within the immediate vicinity of
initial placement should be virtually complete during
the period when radiation and thermal output are
dominated by fission product decay. Any loss of con-
tainment should be a gradual process which results in
very small fractional waste inventory release rates
extending over very long release times, i.e., catas-
trophic; losses of containment Should not occur" (p. 11-7).

NRC is proposing a more specific peroid of waste containment of 1,000 years
to prevent interactions between the waste and its immediate environment
during the period when temperatures in the repository are above ambient
Geochemical models needed to predict the course of such interactions at
elevated temperatures are only in the early stages of development (Worlery.
1880; Jenne" 1981) In addition, thermomechical effects on the hydraulic

conductivity of the host rock are highly uncertain during the period ofelevated temperatures. A waste package that provides containment for
l,000 years-the duration of the thermal pulse--is therefore highly desirablebut need not be required if other compensating conditions are present. Oneof the conditions under which a shorter lifetime might be allowable is cooler
waste--either through aging or dilution of the waste or lowered thermal load
ing of the repository. An environment in which the ground-water flow time
is confidently predicted to be 105 years or longer and in which disruptive
events will in all likelihood not alter the flow time might also accommodatea waste package with a shorter lifetime. Furthermore. it is possible that
over the next sevenal years understanding of the geochemical system and
advances in overpack and back-filling technology will increase to the point

where a high degree of confidence wi1l exist that releases from the waste
package will be very slow, even at elevated temperatures.

b. Release rate

The rule, as presently written, requires that after the 1,000-year container
period the rate of release of major nuclides from the engineered system intothe geologic setting be no higher then 1 part in 100,000 per year. Slowrelease rates coupled with natural dispersion and retardation would reduce
the concentration and spread out a stream of radionuclides travelling to thebiosphere so that any discharges to the biosphere would be below acceptable
limits. A performance objective related to release rates is particularly
important with respect to the actinides, especially plutonium, americium, and
neptunium. and others (1977) showed that the release rate is important in controlling the discharge of plutonium to the biosphere in a system
in which the plutonium moved at the same velocity as the ground water and theflow path was short. Considerable evidence suggests that plutonium and its
compounds are relatively insoluble and that transport of plutonium species
would be retarded in most ground-water environments (e.g.. Isherwood. 1981).
The geochemistry of plutonium in relation to actual ground-water systems isnot well known. however. and a low release rate as required by the ruleappears to be necessary to overcome uncertainties related to actinide geo-chemistry. An environment which provides a very long flow path or one inwhich the retardation of the actinides can be well established might permit
a higher release rate.

We do not believe that an annual release of 1 part in 100,000 from the engi-
neered system should be especially difficult to achieve under low temperatureconditions. A succession of barriers to release could include: A host rockwith low water content, low permeability and low hydraulic gradients; back-
ground waste packages to inhibit water access to the waste package and sorb
any released radionuclides; a waste package that will not degrade suddenly;
and a waste form of low leachability. We also note that most credible scenarfor the evolution of the repository would not lead to simultaneous failure by

all waste canisters.

C. Ground-water travel time

The present requirement that the geologic setting have pre-waste-emplacement
ground-water travel times through the far field to the accessible environ-ment of at least 1,000 years is both reasonable and achievable. In many
existing environments, actual pre-waste-emplacement travel time can be expect
to be much greater than that.

2. Stability (60.112)

That section of the rule requiring stability of the geologic setting since
the start of the Quaternary Period seems to us to be both vague and unnecess
Stability is a relative matter. Movement has occurred on some faults in the
Atlantic Coast Province in Quaternary time even though as a whole the prov-ince is more stable than the Basin and Range Province, which in turn is,
more stable tectonically than the Pacific Coast region. It would be unfor-
tunate if the role should be so interpreted that only the most stable parts
of the continent came to be considered for repository locations. The vague-
ness could give rise to licensing problems. Furthermore, in some environ-
ments, instability such as tectonic subsidence and infilling may be a
positive factor for waste isolation (Winograd, 1981). Also, the vagueness
of this criterion is inconsistent with the greater specificity of other

criteria.

A general requirement for stability seems superfluous if the EPA standardis projected to be met by the isolation system. the performance objectives
how in the rule for the individual terriers are projected to be met, andthe favorable and potentially adverse conditions have been characterized
and their consequences analyzed.

3. Shaft and borehole sealing (60.133)
In our opinion, the requirement that at the time of permanent closure

sealed shafts and boreholes inhibit transport of radionuclides to atleast the same degree as the undisturbed units of rock through which they
pass is reasonable and achievable. Some regulatory guidance is probably
necessary here. For example, does the performance requirements refer to
the integrated column of rocks through which shafts and boreholes passor to individual beds within the column? Long-term projection of shaftand borehole sealing performance will, of course, be highly uncertain.
To overcome this uncertainty, we feel that DOE should be encouraged to
select geologic settings in which the consequences of shaft seal failure

will be minimized. e.g.. a setting in which natural hydraulic gradientsare downward or (should the heads be onward) in which potable water is
absent in overlying rocks and strata.



Page 35193. column 1. item (g) (1). what is "service water?" Should thissay "Surface water?"

Page 35293. Column 3. item (ii) (A). In view of the difficulty of placing
backfill in the drifts of a mine. it is not reasonable to make the general
statement that the backfill Shall provide a barrier to ground-water move-
ment into and from the underground facility. This may be feasible for
specific rock types and conditions, but as a general requirement it would
be difficult to compl ywith. We suggest the following: "To the extent
possible, it shall minimize ground-water movement?

Item (B), Change "reduce" to "minimize"

Item (C). See comments on item (A). We suggest the following. "To the
extent possible, it shall minimize ground-water movement..
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Mr. Samuel J. Chilk
Secretary of the Commission
U. S Nuclear Regulatory Commission
Washington, D. C. 20555

Attention: Docketing and Service Branch

Dear Mr. Chilk:
Re: Proposed Rule, I0CFR60

Federal Register Vol. 46. No. 130. Wednesday. July 8. 1981
Disposal of High Level Radioactive Wastes in Geologic
Repositories

Florida Power & Light Company's comments to Proposed Rule, 10CFR60 are
attached for your consideration.

It should be noted that it is our belief that the proposed criteria
established for transuranic wastes as stated could have a significantly
adverse impact on the nuclear utility industry. It is recommended that
these criteria be carefully reconsidered.

Very truly yours,

Rober E. UhrigVice President
Advanced Systems & technology

REU/AJG/ah

Attachment

The following are our comments to the Nuclear Regulatory Commission's Proposed
Rule, 10CFR60 . Disposal of High Level Radioactive Wastes in Geologic
Repositories:

1) Transuranic wastes' or TRU wastes" as defined in 60.2 should be
eliminated from the Rule. This type of waste is not a high-level
radioactive waste and should not be included in 10CFR60.

2) It is not clear from the definition of tran sur a ni cwa stes (60.2) if
the criteria is based upon l0 Cl/gm per transurancic element or as a
total. Further, as we understand it, the criteria which NRC adopted
for transuranic wastes is arbitrary. We have seen other
information to suggest this limit should be 50 to 100 times greater,
We do not believe that transuranic wastes should be a part of this
rule at all; however, we urge NRC to at least do an extensive
technical evaluation regarding the hazards and alternative disposal
me thods associated with transuranic wastes i n the proposed
concentrations before adopting this part of the Rule. Relegating
wastes with such low concentrations of transuranic elements to a
geologic repository [60.102(b)(4)] may not be technically warranted
and would have significant financial consequences. In addition we
would urge NRC to perform a critical evaluation of the sources and
quantities of radioactive wastes in the United States that could be
likely to contain transuranic elements in escess of the established
criteria.

3. The criteria for transurncic wastes as defined in (60.2) is
inconsistent with Table I of Proposed Rule 10CFR61 which provides that
concentrations of Pu-241 up to 350 nci/gm are allowed before the waste
must be considered as class C intruder waste.



Secretary of the Commission
U.S. Nuclear Regulatory Commission
Attention Docketing and Services Section
Washington, DC 20553

We are pleased to submit our comments on the Proposed Rule, "Disposal of
High-Level Radioactive Wastes in Geologic Repositories," 10 CFR Part 60, as
presented in the Federal Register of July 8, 1981.

The following are specific comments on this document:

1. The discussion on pages 35283-35284 of Alternatives 1, 2, and 3
is not clear. The NRC acknowledges that Alternative 1 gives the
most flexibility out is concerned with how to measure performance.
Alternative 2 preferred in setting minimum standards on each
element, and still requiring overall performance standards, If
standards and performance can he established and measured for each
element. then it can be for the whole -as is required in Alterna-
tive 2 as well as in Alternative 1. The argument used to prefer
Alternative 2 is illegical. If the requirements of Alternative 2
can be done that the requirements of Alternative 1 can be done as
well; and since Alternative 1 comes to the same conclusion without
restricting flexibility, it should be the preferred alternative.

2. The subject of Retrievability described as page 35282 requires
some reconsideration. Is response to the NRC's interest is
alternate times and requirements, it is proposed to defer final
closure/sealing of the repository for a limited period of time
until adequate analysis of the pre-emplacement testing and post-
emplacement monitoring is completed. Then, with the confidence
resulting from the data developed from these tests. finally seal
the repository with no design provisions for retrieval This
appears to be a more logical approach and would give greater total
confidence is the repository's isolation from the biosphere goal

which is the primary objective of this program.

October 22, 198l

Stone & Webster Engineering Corporation appreciates this opportunity to
contribute to the improvement of this Proposed Rule.

Very truly yours.

R. B. Bradbury
Chief Licensing Engineer

DFG jdb



Jerry J. Cohen
735 Wiabledon Lane
Livermore, CA 94550

October 20, 1981

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

Attn: Docketing and Service Branch

Re: Comments on proposed rule 10CFR 60
Disposal of High-Level radioactive Wastes
in Geologic Repositories"

Dear Sir:

I have reviewed the proposed rule, as well as the draft
environment impact assessment (NUREG-0606) supporting it. The
following comments are offered:

1) No definitive goal or objective for the regulation (other than
meeting a non-existent EPA standard is presented or discussed. What
is the nature of the radioactive waste problem? How serious could be
the consequences if the waste is not properly managed? What degree of
control is justified? Specifically, what purpose is the proposed rule
supposed to accomplish?

2) Related to the previous questions, it should be noted that a
significant body of seismtific literature indicates the problem of
geologic disposal of radioactive waste is relatively in terms of
actual danger to present or future public health. (The references
appended to this letter provide a small sample from this literature).
The stringent degree of control proposed in 10 CFR 60 indicates that
the NRC rejects this information. If this is the case, what basis is
used to justify the proposed degree of control?

3) Now does NRC justify the proposed duration of controls (1000 years,
10,000 years., etc.) for radioative wastes considering that stable
toxic wastes (Lead. Aroenic, Mercury, etc.) are disposed of with no
requirement for long term isolation despite the fact that: (1) These
wastes are more toxic than radioactive wastes in terms of lethal
dises, toxicity indices, or most any objectively determined hazard
evaluation, and (2) Since they are stable, their potential for hazard
will persist forever.

4) Despite extensive verbiage, the performance objectives still seem
vague and arbitrary. They provide little definitive guidance to the
designer of a disposal facility.

For over ten years, I have been engaged in several research

activities related to the radioactive waste problem. I have been an
advisor to both the International Atomic Energy Agency and the World
Health Organization in areas involving raioactive waste management.
From my review of technical data and literature, it is apparent that
the spector of severe hazard to radioactive waste management is
simply not supported by objective analysis of available information.
Radioactive waste is not nearly as hazardous as people think it is!

I would like to call your attention to a simple reality in public
administration. Excessive regulation devoted control of any single
hazard, particularly where such degree of control is unwarranted
(transuranic waste provides an excellent case in point), is actually
detrimental to overall public health. This practice necessarily
results it the needless diversion of limited public resources from
areas where they sigh; be more beneficially applied (e.g., drug abuse,
traffic safety, etc.). It is indeed unfortunate that NRC does not have
a mandate to consider problems under its perview within the larger
framework of public health so that optimal decisions could be made in
the best interest of the general public health and welfare. Precious
time, money, and talent needlessly squandered on minor problems such as
radioactive waste management become irretrievably lost and unavailable
to cope with the far more pressing problems facing our society.

Sincerely yours,

Jerry J. Cohen

References:

1) Haug, N. O., Some Aspects and Long-Term Problems of High Level and
Actinide Contaminated Spent Fuel Reprocessing Wastes from the U-Pu and

Th-U Fuel Cycles. Proc. International Symposium on Management of
Radioactive Wastes from the Nuclear Fuel Cycle, International Atomic
Energy Agency, Vienna, 1976.

2) Tennessen, K. A., and J. J. Cohen 'Survey of Naturally Occurring
Hazardous Materials in Deep Geologic Formations: A Perspective on the
Relative Hazard of Deep Burial of Nuclear Wastes, UCRL-52199, January,
1977.

3) Cohen, B. L., 'The Disposal of Radioactive Wastes from Fission
Reactors,' Scientific American, June, 1977.

4) Pentreath, R. J., "Radioactive Wastes and the Public" from Nuclear
Power, Man, and the Environment, Taylor and Francis, Ltd., London
1980.



NUCLEAR SYSTEMS RELIABILITY AND SAFETY COMMITTEE
of the RELIABILITY GROUP COMMENTS ON NRC PROPOSED RULE FOR 10 CFR 60:

DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES IN GEOLOGIC REPOSITORIES

Dr. Thomas N. Smith
EG&G Idaho, Inc.
P.O. Box 1625
Idaho Falls, ID 85415

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

The attached comments are offered on the proposed rule, "Disposal of
High-Level Radioactive Wastes in Geologic Repositories," 10 CFR 60.
Comments are also included on the supporting "Rationale" document. Please
consider these comments in the preparation of the final rule.

We support the need for these rules. We believe that the proposed rules
identify and address relevant issues in the disposal of high-level and
transuranic wastes.

We are concerned. however, with the lack of a systems approach in criteria
for individual components of the repository system Analytical models of
repository safety performance exist and can be used to reflect the
interactions between repository components. The site selection and
performance criteria should more fully reflect the fact that alternative
combinations of parameter values can satisfy health and safety objectives.
Under some circumstances, for example, relatively high leach rates can be
compensated by advantageous factors in radionuclide retardation or travel
time, without causing an unacceptable increase in future dose.

You may wish to indicate that the Waste Isolation Pilot Plant for disposing
of defense transuranic waste is obsolved by law from compliance with these
rules.

We appreciate the opportunity to commen on these proposed rules.

Working Group on Risk Evaluations of
Radioactive Waste Management

Questions can be raised about the logic of
issuing the NRC technical criteria before the
Environmental Protection Agency (EPA)
"Environmental Standards on Federal Radiation
Protection Guidance" are issued. On the one
hand, the function of the NRC. in this instance,
is to enforce the EPA standards, which have not
yet been finalized. Furthermore, the NRC
criteria are not consistent with the current
draft of EPA's 40 CFR 191. These factors would
argue for not issuing the NRC criteria at this

time. On the other hand, DOE needs at least
preliminary criteria on which to base their
efforts to develop a suitable repository for;
high-level waste, or unnecessary delays could
result. Furthermore, the EPA standards have been
delayed repeatedly, and the outlook for their

being issued in the near future is not promising.

The scope of the proposed rule should be made
more clear in the opening paragraphs: (1) the
rule apelies not only to high-level radioactive
waste (HLW), but also to (nondefense) transuranic
waste; (2) it would also be helpful to state
that, by public law, the rule does not apply to
the WIPP facility for defense transuranic waste.

Retrievability The discussion on retrieval of waste packages up
to 110 years after construction begins can be
construed to be in conflict with the EPA guidance
(40 CFR 191, draft 19, P. 39) of not relying on
institutional control for more than 100 years
after disposal.

Human The NRC requested comment on tis approach to the
Intrusion human-intrusion question. The approach taken in

the proposed Rule generally seems reasonable.

The discussion is believed, however, to overstate
the reliability of transfer of human knowledge.
The fact that knowledge exists in one group of
people does not guarantee the transfer of that
knowledge to all potential intruders.



COMMENTS ON NRC PROPOSED RULE FOR 10 CFR 60;
DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES IN GEOLOGIC REPOSITORIES

(continued)

COMMENTS ON NRC PROPOSED RULE FOR 10 CFR 60:
DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES IN GEOLOGIC REPOSITORIES

(continued)

Page Section Comment

35283 Human In addition, the possibility should be recognized
Intrusion that intentional intruders migh be aware of the
(continued) presence of radiation but indifferent to its

dangers. One can cite several recent situations
in which this attitude has existed (e.g. use of

uranium mill tailings for construction.
diversions of materials from the Beatty
waste-disposal site).

Finally, deliberate intrusion is not believed to
require a conscious collective societal decision.
All that would be required is the failure of
institutional control, plus a group of dedicated
individuals.

35283 Alternative The NRC requested comment on the gernal approach
Approach to technical regulation of HLW disposal. The

approach taken is listed as alternative 2. The
consensus of this reviewing body, however, is
that an approach closer to alternative I would be
preferable. Overall system performance require-
ments should be established. This approach would
be more consistent with the EPA approach and
would allow DOE more freedom in the design of the
waste packaging repository system. Some of the
proposed requirements on the waste package (e.g.,
1000-year containent) may prove to be unreason-
able to meet and impossible to verify within a
meaningful time period. Finally, an approach
closer to alternative 1 would give meaning to the
stated need to evaluate the repository and waste
package as a system. (See P. 35281 , column 3,
paragraph 1; and p. 35285, column 1.
paragraph 4.) The proposed criteria are very
similary to the multiple independent barriers
required for nuclear reactors. The criteria

should be revised to reflect total system
performance and possible risk to the public,
relative to natural risks already existing.

35254 Performance In the statement. 'Since transuranic waste does
Objectives not generate significant amounts of heat. there

is no advantage to contai n ment for any specif i ed
period." the conclusion does not follow from the
promise. Containment is required because of the
radiological hazard, which diminishes in

Section

35284 Performance
Objectives
(continued)

31284 Siting
Requirements

35285 60.2

Comment

accordance with the half life. Heat generation
is not a direct concern. Suppose, for purposes
of argument, that transuranic waste were more
toxic and longer lived than high-level waste.
Should it not then have an equivalent or greater
containment requirement, independent of heat
generation?

Similarly, for HLW, the 100-year period should
be related to risk reduction from radioactive
decay not to the period of uncertainty due to
thermal effects.

The NRC invited comments on whether population-
related siting requirements should be included
Future locations of population centers are
difficult to predict. Thus, no reliable
projection can be made of the population dose
from radionuclide releases that might occur in
the distant future. However, the maximum
individual dose, to a person living in the worst
location in the accessible environment, can be
projected with less uncertainty. The use of this
calculated dose in connection with licensing
should be investigated.

In the definition of "anticipated processes and
events," the phrase reasonably likely to occur
should be clarified, or replaced with a more
specific phrase.

In the definition of "decommissioning." the
requirement for dismantlement of surface
facilities seems unnecessarily restrictive.

The definition of "disposal" creates confusion
(with the word 'storage') because there is no
mention of the fact that disposal involves no
intent for later retrieval. "Storage" is used
later (page 35288, column 3, first full

paragraph) with no definition. In fact,
storage" is said to include 'diposal.

Perhaps some particular wording related to the
Commission's authority necessitates this
approach, but it does cause confusion.



COMMENTS ON NRC PROPOSED RULE FOR 10 CFR 60:
DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES IN GEOLOGIC REPOSITORIES

(continued)

Page Section Comment

3528 60.2 Confusion may be caused by defining a "geologic
repository operations area" in terms of HLW. If
a licensed repository were built for transuranic

waste, this definition might not include such a
repository.

60.102(e) The first sentence implies that it is more
difficult to predict the consequences of events
early in the repository life than it is later.

The opposite would seem to be true; i.e., it is
more difficult to predict consequences late in
the repository life.

35289 60.ll(b) Use of the systems approach in evaluating reposi-
tory performance is recommended on page 35281,
column 3. Multiple barriers are a feature of the

system. Yte, in Section 60.111 (b), each barrier
is generally required to provide total perform-
ance capability for the system, independent of
the performance of the other barriers. We do not

consider this to be a systems approach, but
rather a "defense-in-depth" approach. A systems
approach is recommended by these reviewers.

60.111(b)(2) The rationale for the 1000-year period (as opposed
to say a 500-year period or a 10,000-year
period should have been summarized in the
Supplementary Information.

The 1000-year requirement for waste package
integrity would probably be unduty restrictive in
cases where engineered barriers are available

and/or groundwater travel times are longer than
l000 years. In addition, it may be prohibitively
difficult and expensive to fabricate waste
packages that will remain intact for 1000 years.
and impossible to provide assurance that the
requirement will be met.

The severe requirement for waste-package
performance may result in the use of expensive
materials as containers. These containers may
represent a large mineral or precious metal
deposit. Such a concentration of valuable
materials could lead to the potential mining of
the repository in the distant future,
counteracting the intent of the regulations to
protect future generations.

COMMENTS ON NRC PROPOSED RULE FOR 10 CFR 60:
DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES IN GEOLOGIC REPOSITORIES

(continued)

Page Section Comment

The rationale for limiting the annual release to
one part in 100,000 (as opposed to 10,000 or
1 ,000.000) should have been summarized in the
Supplementary Information.

Use of the release-fraction approach allows a
large repository to release a larger quantity of

radionuclides than could a smaller repository
Other factors being equal, a larger radiological
dose would result. No justification is given for
this approach. Since the initial inventory is
not considered, the criterion could lead to
either safe or unsafe conditions, depending on
the inventory.

The wording that involves specifying an "annual
release rate" but assuming no release from the
underground facility" needs to be clarified.

The release fraction of 10-5 per year could be
either higher or lower than the corresponding
value derived from 40 CFR 191. Draft no. 19.
page 43, depending on the radionuclide.

As written, the limiting release fraction applies
to each major radionuclide. regardless of
radiotoxicity. Consideration should be given to
the use of different limits for different
radionuclides. as is being done by the EPA.
Release of a certain fraction of the tritium
inventory is one thing, but release of the some
inventory fraction of plutonius may be entirely
another matter.

The requirement that annual releases not exceed
l0-5 of that present 1000 years after
decommissioning is probably excessive. At
1000 years after removal from the reactor, HLW is
only 10 to 100 times more toxic radiologically
than the ore from which it was extracted. A
release fraction of 103 or 10 would be
more appropriate. (The same argument holds for
TRU waste.)

5



COMMENTS ON NRC PROPOSED RULE FOR 10 CFR 60:
DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES IN GEOLOGIC REPOSITORIES

(continued)

COMMENTS ON NRC PROPOSED RULE FOR 10 CFR 60:
DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTES IN GEOLOGIC REPOSITORIES

(continued)

Comment

The limiting release rate from the repository
should be based on the potential for release to
the accessible environment. Without knowledge of
the particular geologic environment, it cannot be
concluded positively whether the limiting annual
release rate is unduly conservative or too
lenient.

Why is the release rate limit for transuranic
waste stated as from the underground facility
into the geologic setting, whereas, for HLW, the
limit is stated as "from the engineered system
into the geologic setting'? The engineered
system is the waste packages and the underground
facility (page 35174. column 3). If
radionuclides escape from the underground
facility, have they not escaped from the waste
packages and else (by definition) from the
engineered system?

Requiring geologic stability during the entire
Ouaternary Period may be excessive.

The rationale for requiring groundwater travel
times of at least 1000 years to the accessible
environment should have been summarized in the
Supplementary Information.

It is noted that the NRC definition of the
"accessible environment" (Section 60.2) differs
from that of the EPA in their 40 CFR 191 Draft
No. 19. page 36. The EPA definition includes any
underground sources of drinking water (e.g.. a
well) more than one mile away from the waste
location.

Add the words "and adversely' before "affect."

Add the words 'and adversely" before 'affect."

The applicant should be required to state where
all the retrieved waste woule be stored, either
at the repository site or at other locations.
This requirement would help ensure that advance
planning takes place for dealing with this
possibility.

352C4 60.1331c 1(12 Precluding cage free fall does not necessarily
avoid damaging impact or overwind. The wording
should be changed to '... preclude cage free
fall, overspeed, or overtravel."

35294 60.135(b)121 The requirement to stabilize finely divided waste
forms should be justified through calculation of
doses from hypothetical accident or release
scenarios.

35294 60.135(c)1li It is noted that to disallow explosive or
pyrophoric materials or chemically reactive
materials ... could require expensive processing
of transuranic waste.

35295 60.135(c)(2) It is not clear why any free liquids would be
allowed or even be desirable) in the waste
package, since they are not allowed as part of
the waste form (60.135(b)(1).]

35295 60.143 The discussion presented here relates to
monitoring and testing of the waste packages.
The environment experienced by the waste packages
should also be monitored: temperature, humidity,
radiation levels, presence of various gases,
composition of liquids, etc. Also, laboratory
studies conducted before and after emplacement
will help in the correlation and validation of
the monitoring data obtained from the repository.

35295 60.151 The quality assurance provisions should include
in auditable procedure for certifying that each
waste package satisfies the requirements of
Section 60.135.



COMMENTS ON NRC "RATIONAL FOR PERFORMANCE OBJECTIVES AND REQUIRED
CHARACTERISTICS OF THE GEOLOGIC SETTING: TECHICAL CRITERIA FOR

REGULATING GEOLOGIC DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTE, JUNE 1981

Comment

No discussion of the possibility of nuclear criticality was found
in the document.

15-22 Little or no rationale is given for the proposed performance
criteria related to transuranic waste. Such waste is totally
different from high-level waste-Physically, chemically, and
radiologically. Yet, criteria developed for high-level waste
seem to have been automatically applied to transuranic waste
also, whether or not they are appropriate.

16 Change "The maximum temperature of the repository as a whole" to
"The maximum temperature of the repository." No data are
presented which allow precise prediction of the space-averaged
repository temperature, which is the parameter implied by the
wording "repository as a whole.'

16 Figure 4 indicates that the maximum temperature of the repository
is reached 100 to 200 years (not 100 to 500 years) after
emplacement. Even in Figures 5 and 8, the latest maximum
temperatures occur only about 300 years after emplacement.

16 Figures 1 through 9 do not provide sufficient infomation to
Support the statement that maximum temperature gradients occur

within 100 years of emplacement.

18 Selecting a containment period of 1000 years. based on the
calculated temperatures in the underground facility, seems
arbitrary. Figure 4 lists 1000-year temperatures as still 40% to
60% of the peak (above ancient). What is special about a
temperature 50% of the peak value? Not until 10,000 years does
the temperature fall to 10% to 20% of the peak. (Comments
regarding the Sections called "Performance Objectives" and
Section 60.111(b)(2)(ii)(A) question the validity of this entire
line of reasoning.)

18.19 Design of a package to contain wastes for 10,000 years would be
an extreme case of overkill. The difficulty and cost of
fabricating such a package and attempting to verify its
performance would be prohibitive. Even for a 1000-year package.
the task would be challenging. (in the aerospace Space Nuclear
Systems programs, proof of an 870-year containment lifetime has
proved difficult.)

19-22 In an actual licensing situation, the statistical requirements
for determining compliance with the leach-rate criteria would
have to be specified. Leach-rate data characteristically exhibit
considerable scatter.

COMMENTS ON NRC "RATIONAL FOR PERFORMANCE OBJECTIVES AND REQUIRED
CHARACTERISTICS OF THE GEOLOGIC SETTING; TECHNICAL CRITERIA FOR

REGULATING GEOLOGIC DISPOSAL OF HIGH-LEVEL RADIOACTIVE WASTE," JUNE 1981
(continued)

page(s) Comment

23 Placing the requirement on water travel time, rather than on
radionuclide travel time, may, in effect, result in focusing on
an implicit assumption that no retardation occurs. This is
another compounding conservatism.

26 The times-to-peak temperature cited here differ significantly
from those discussed on page 18 and shown in Figures 4 and 8;
35 years vs. 100 to 200 years, and 75 years vs. 300 years; No
explanation is given for the difference, nor is it stated which
set of data the proposed rule of 100-year containment is based
on.

40 The Note on Figure 7 specifies a planar heat density of
150 kW/acre, whereas the caption specifies 60 KW/acre.

50 The term 'release" should be included in the definitions.
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I respond to the Nuclear Regulatory Commissions invitation to comment on
the above proposals on behalf of the regulatory departments is the United
Kingdom with responsibilites for radioactive waste management. They are
the Department of the Environment, the Ministry of Agriculture, Fisheries
and Food, the Nuclear Installations Inspectorate and the Scottish and
Welsh Offices. I also annex comments received from other UK organizations.

The proposals made are most interesting, demonstrating the absolute standards
approach rather than the case-by-cast regulates commonly adopted in the
United Kingdom. Document 10 CFR illustrates the setting of overall
performance objectives allowing some flexibility is designing and
operating each individual repository, whereas document 10 CFR 60 appears to set
acceptance criteria not always justified by technical evidence. This
could, in our view, lead to unduly restrictive or lax standards
research results permit a more rigorous analysis to be undertaken.

The United Kingdom regulates the whole system of disposal of low level
radioactive wastes. We deal with disposals on individual sites and on the
basis of individua; waste types, matching waste in local conditions either in

shallow lead-burial sites or by disposal to the marine environment. Our
practice recognises that wastes will eventually leach from a disposal site
and we aim to ensure that adequate dilution and dispersion takes plate to
protect critical groupsl from unacceptable doses.

We also recognize the merit of developing a range of repositories offering
levels of isolation appropriate to the nature of the waste utilising,
for instance, existing cavities or purpose-built repositories at intermediate
depths.

In the case of high-level, heat-generating wastes, the United Kingdom is not
committed to the use of the geological route for disposal. Research is
taking place into various options (disposal to various types of geological
formation, disposal on or under the ocean bed, very long-term storage at or
near the surface). The first stop however will be to vitrify such wastes, and

it is than likely that the vitrified wastes will be stored, using

existing technology, for a period of 50 years or even longer, in order to
facilitate supervision and secure a substantial reduction is best output.
The best solution can then be chosen on the basis of full and detailed
realistic and acceptable proposition, and it has gained a considerable
measure of public acceptance in the United Kingdom. Because of this,
we do not see a need in our own case for the particular concept of
"retrievability" which is incorporated in your proposals: we shall not

undertake disposal until we are satisfied that the repository in question
will be safe.

In regard to problems of human intrusion into a repostitory, our view is that

institutional controls are required only over that period during which the
hazard is primarily due to the fission products. Similarly, our existing

control over potential repository sites does not take into consideration
present-day population distribution, since we cannot predict population
changes in the future.

In taking account of the many technical factors to be considered in a choice
between the several options for creating a repository for best-written wasted,
we have adopted a systems study approach in order to bring together the
many areas of research and operation. As a result we would no wish
to set down specific criteria or defined levels for all variables, because
these levels will differ from site to site. We think it advisable for any
regulatory procedure to make allowance for natural variation.

Comment has been invited on a number of specific issues and those on
which we can comment are dealt with in the paragraphs above. Those remaining
relate to matters of national concern and do not call for any from
the UK. There are, however, two matters which should be considered as needing
clarification:

(a) the ALARA principle, mentioned as a footnote on P.35288, might
perhaps be explained more fully in relation to the approach
adopted by the ICRP: is particular the used to take social
and economic factors into account:

(b) on the same page, is column it is not made clear whether
"one part is 100,000 refers to the activity in the year in
question or to that which was originally emplaced. This seems
to be a critical matter which must be unambiguous.

The detailed comments received from the National Radiological Protection Board,
the United Kingdom Atomic Energy Authority, and the Natural Environment
Research Council's Institute of Geological Sciences are annexed. I must
Research that the views expressed are those of the organization submitting them.

Yours sincerely

F S FLATES



COMMENTS ON NRC PROPOSED RULES

by

National Radiological Protection Board.

10 CFR Part 60, Disposal of High-Level Radioactive Waste in Geological

Repositories.

1. General Comments

1.1 The rule has bee developed in the absence of radiological protection
criteria (environmental standards), for disposal of high-level wastes, the
proposed technical criteria are, therefore, arbitrary. This approach to
setting technical criteria is incorrect in principle. It leads to criteria

which are inflexible because, since they have no clear basis, there can be
no basis for changing them. In addition the approach is very likely to
lead to criteria which are too restrictive, thus causing more expenditure
on high-level waste disposal than is warranted by radiological protection
considerations.

1.2 The rule does not define in any detail the means by which compliance with
performance objectives is to be demonstrated. As a consequence the proposedperformance objectives have little meaning and it is very difficult to

decide whether they are appropriate or achievable.
1.3 One of the main purposese of the rule is to reduce uncertainties in

predicting the performance of geologic disposal systems. While
reasonable objective it is over-emphasised. This leads to technical
criteria which may be too restrictive, particularly for TRU wastes. It
also down-grades the "geologic barrier" to an extent which is incompatible
with the reasons for selecting the geologic disposal option.

1.4 For the reasons outlined above, the proposed rule is unsatisfactory andshould not be adopted in its present form. It would be preferable to leave
the rule in "proposed" from until the EPA standards have been published and
until there is sufficient information available to derive technical criteria
from these standards. The rule should then be revised.

2. Speicific Points

2.1 Retrievability -The retrievability requirement (p. 35282 and Section
60.111 P. 352891 is poorly defined. It is not clear whether retrieval is
regarded as an extreme measure and the intention is only to ensure that
wastes can be located and could be retrieved at grant cost, or whether
a repository should be designed and operated so that retrieval would be
relatively simple.

2.2 Human Intrusion -It is reasonable to distinguish between deliberate intrusion
and inadvertant intrusion, and to ignore the former possibility when setting
criteria. However, the probability and consequences of inadvertent intrusion

should be considered when setting technical criteria such as the minimum
disposal depth and in specifying site selection and marking requirements.
The statement (p.35283, column 2, para 2) that it "does no use argue"
over measures designed to prevent intrusion or to "speculate" on intrusion
scenarios is inconsistant with the discussion which precedes it. Such

arguments and speculations should play a part in deciding whether a respository
is acceptable.

2.3 Alternative Approaches (to prescribing criteria) The "alternativeapproaches" (P.35283), column 3, para. 2) considered by NRC should not be
considered as alternatives, they represent stages in developing criteria

and performance objectives for geologic disposal. In order to develop a
consistent set of criteria it is necessary to set a "single overall
performance standard" to derive "minimum performance standards for each
of the major elements" from this overall standard via safety assessments
and than to derive detailed numerical and engineering criteria from these
performance standards for the system elements. In choosing "alternative
2" NRC are acting prematurely and limiting the designers' flexibility to
an unreasonable extent (see also general comments).

2.4 Interdependency of Site and Design -The NRC view that site and design are
so interdependent that it is artificial and misleading to separate siting
and design requirement (p.35284 column 1, para 3) is very realistic.
Separation of the two types of requirement would inevitably lead to
inconsitencies and difficulties in meeting criteria.

2.5 Siting Requirements (population density) -The decision not to include anysiting requirements which deal directly with population density or
proximity to population centres (p. 35284, column 3, para 4) is both
practical and realistic. Given the long time periods of concern in geologic

disposal it would be impossible to ensure that any such requirements were
met.

2.6 Definitions of "Disposal" and "Isolation" -Taken together the definitions
of disposal and isolatin (Section 60.2 P. 35285-5) are consistent with
UK concepts and include recognition that isolation implies control of
releases to the environment, rather than zero release.

2.7 Probabilistic Aspects of Assessments -In the description of the contents
of assessment (Section 60.21 (ii) p. 35287) there is no mention of

evaluating the probabilities that various events and processes will occur.
The implication is that NRC have not reached a decision on the extent to
which probabilities should be included in assessments, in spite of the
indications that EPA standards will require a probabilistic approach.
This section of the rule (and other related sections) require revision to
clarify the NRC position on probabilistic assessment methodologies.

2.8 'Reasonable Assurance" -The requirement for reasonable assurance (Section
60. 101 (a) (2) P. 35268) that performance objectives and criteria will
be met does not provide sufficient guidance for applicants. Since the
performance objectives and criteria in the proposed rule are arbitrary
(see general comments) it is obviously difficult to define clearly how

compliance is to be demonstrated. However "reasonable assurance" could be
statistically defined, taking into account the increase in teh uncertainty

of predictions with time.

2.9 ALARA -NRC specifically seeks comments on whether an ALARA principle
should be applied to the performance objectives for containment and control
of releases (Section 60.111, p 35289), It is difficult to see the logic
in applying ALARA to particular parts of the disposal system while omitting
it when specifying criteria for other parts. The ALARA principle should be
a major feature of the overall performance objective for the whole disposal
system. The principle should then be applied both in decisions on whether
the whole system is acceptable and in setting performance objectives for

system elements. In the latter case it will be necessary to show that
performance objectives are not over-restrictive, in the sense that they
entail more financial expense than is warranted by the reduction in total

of ALARA to containment
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COMMENTS ON N.R.C PROPOSED RULES

BY
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ENVIRONMENTAL PROTECTION AGENCY

40 CFR 191

ENVIRONMENTAL STANDARDS AND

FEDERAL RADIATION PROTECTION GUIDANCE FOR

MANAGEMENT AND DISPOSAL OF

SPENT NUCLEAR FUEL, HIGH-LEVEL AND TRANSURANIC RADIOACTIVE WASTES

AGENCY: U.S. Environmental Protection Agency

ACTION: Proposed Rule

SUMMARY: The Environmental Protection Agency requests comments on

proposed radiaticn protection standards and Federal Radiation protection

guidance for the management anc disposal of spent nuclear reactor fuel and

high-level and transuranic wastes. The proposed guides would establish

seven general criteria to be followed when these wastes are disposed of.

They address problems innerent in the design and construction of systems

that must isolate hazardous materials for very long periods of time

without human intervention. The proposed standards would limit the amount

of radioactivity that may enter the biosphere. The standards require a

reasonable expectation that these limits will be satisfied for ten

thousand years after disposal. These requirements would apply to disposal

by any method, except disposal directly into the oceans or ocean sediments.

The proposed standards also would limit the radiation exposure of members

of the public from management of spent fuel and of waste prior to disposal.

D-1
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After we consider the comments received on this proposal, we will

develop final versions of the standards and guides. We will then recommend

that the President approve the guides as Federal Radiation Protection

Guidance for all agencies. The final standards will be promulgated as a

new Part 191 to Title 40 of tne Code of Federal Regulations (40 CFR 191).

The standards and guides will be implemented by the Nuclear Regulatory

Commission and the Department of Energy under their respective statutory

responsibilities.

DATE: Comments should be received on or before (180 days after

publication).

Public nearings to receive comments on the proposed standards and

guides will be held in several cities.

ADDRESS: Comments should be sent to the Director, Criteria and

Standards Division (ANR-460), Office of Raciation Programs, U.S.

Environmental Protection Agency, Washington, D.C. 2C460. Copies of all

documents will be available in Docket No. which is located in the

West Tower Lobby, Gallery 1, Central Docket Section, Environmental

Protection Agency, 401 M Street, S.W., Washington, D.C. Single copies of

the Draft Environmental Impact Statement for this action may be obtained

by writing to the Director.

FOR FURTHER INFORMATION CONTACT: Daniel Egan, telephone number

(703) 557-8610, or Dr. Abraham Goldin, telephone number (703) 557-7380.

SUPPLEMENTARY INFORMATION: Proper management and disposal of the

wastes produced by the irradiation of fuel elements in nuclear reactors

are important because of the innerent hazards of the large amounts of

FOR EPA OR INTERAGENCY REVIEW ONLY ------------
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radioactivity they contain. Large quantities of these wastes already

exist and more are being produced in national defense programs, commercial

nuclear power plants, and research reactors. They are being held in

storage facilities until disposal methods are developed.

These wastes contain many different radionuclides. Some of these

nuclides emit alpha particles; others emit beta particles. Some radio-

nuclides emit gamma rays in addition to alpha or beta particles. The

radionuclides decay with half-lives ranging from less than one year to

millions of years. We have concentrated our attention on radionuclides

with half-lives greater than 20 years because they must be isolated from

people for very long times. Thus, we exclude radionuclides such as

tritium, (rypton-85. and plutonnum-Z41, which are present in large

quantities in freshly discharged fuel, but they decay so rapidly that they

do not require long-term isolation. Radionuclides with half-lives of 20

years or less will decay to less than 0.1% of their original activity in

200 years.

Reprocessing reactor fuel used for national defense activities has

produced about 500 million curiaS of radionuclides with half-lives greater

than 20 years. Most of the activity is due to strontium-90 and cesium-1 7.

These wastes are stored in various liquid and solid forms on three Federal

reservations in Idaho, Washington. and South Carolina. Relatively small

additions are being made from ongoing defense programs.

Spent fuel from commercial nuclear power reactors contains about

800 million curies of radionuclides with half-lives greater than 20 years.

About 10 million curies of this radioactivity are due to radionuclides,

FOR EPA OR INTERAGENCY REVIEW ONLY
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such as plutonium, which emit alpha particles. Most of this spent fuel is

stored at reactor sites. years, this inventory is

expected to grow at a million curies per year from

reactors currently license te. At some reactor sites, spent fuel

storage capacity is almost Plans to store additional spent fuel

at locations away from rea es are under consideration by the Federal

Government.

Nuclear reactors use some otopes of uranium, plutonium, or thorium

to produce energy from nuclear fission. These elements are commonly

referred to as "heavy metals." The amount of wastes produced is roughly

proportional to the amount of these elements placed into a reactor. We

use the unit "wastes generated per metric ton of heavy metal (MTHM)" to

measure the amount of waste placed in disposal systems. The amount of ore

needed to produce one MTHM depends on tne reactor type, degree of reproces-

sing, and quality of ore. For the light water reactors currently used in

the United States, about 6,000 metric tons of uranium ore are used to

produce one MTHM of reactor fuel. We nave used this relationship to

associate amounts of waste from reactor fuel with uranium ore.

The Agency's purpose in proposing these standards and guides is simply

to protect the public health and the environment from the hazards these

wastes present. We neither favor nor oppose nuclear power. Similarly, we

do not advocate any particular method for disposing of these materials.

We do require that any disposal method offer at least as much protection

as the one we have assessed as part of the basis for these standards and

guides.

OR EPA OR INTERAGENCY REVIEW ONLY
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DESCRIPTION OF THE PROPOSED ACTION

Under authorities established by the Atomic Energy Act and

Reorganization Plan .No. 3 of 1970, we are proposing generally applicable

environmental standards and Federal radiation protection guides for

disposing of these wastes. The Draft Environmental Impact Statement (EIS)

published with this proposal includes detailed discussions of the reasons

for our selections of proposed standards and guides, and provices extensive

summaries if the technical analyses used. This preamole describes the pro-

posed action and highlights features that we believe are of major interest.

The proposed standards and guides apply to spent reactor fuel, highly

radioactive wastes derived from reprocessing spent fuel ("high-level

wastes"), and to certain wastes containing long-lived radionuclides of

elements heavier than uranium, "transuranic wastes"). Transuranic wastes

are covered if they contain 100 nanocuries or more of alpha-emitting

transuranic isotopes, with half-lives greater than one year, per gram of

waste. People could receive, under some possible (but not likely) circum-

stances, more than 600 millirems per year from wastes containing more than

100 nanocuries of transuranic elements per gram if these wastes were not

well isolated. 500 millirems per year is the Federal limit for individuals

in the general population. Because these circumstances could last for

very long times, we are proposing tne same controls for these wastes as

required for high-level wastes. Protection requirements for transuranic

wastes containing less than 100 nanocuries per gram will be considered in

future standards.

FOR EPA OR INTERAGENCY REVIEW ONLY
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In developing the proposed standards, we estimated the risks from

disposal systems that use methods of controlling releases which either are

available now or are likely to be available in the near future. We also

estimated the doses to individuals and populations from waste management.

From these evaluations, we conclude that:

1. Any harm to people, including future generations, from the

management and disposal of spent fuel, high-level, and transuranic wastes

can be kept very small. The assessments which support this conclusion are

outlined below and are discussed extensively in the Draft EIS.

2. These standards and guides adequately protect the public from

harm. Under them, the risks to future generations from the wastes will be

no greater than the risks from equivalent amounts of unmine uranium ore.

These risks will also be less than the other risks currently associated

with generating electricity from nuclear energy, and they will be very

much less than the risks from natural background

In determining the release limits given in the we had to

project the performance of disposal systems which have not yet been

demonstrated. There are significant uncertainties inherent in such

projections. To avoid underestimating the risks associated with such

systems, we assumed levels of performance that we are confident will be

met by well-designed systems. Our estimates are, therefore, upper bounds

of the risks. When actual control methods are selected and demonstrated

at specific sites, estimated releases are likely to be well below the

amounts allowed by the proposed standards. Accordingly, the proposed
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guides instruct the implementing agencies to reduce releases below these

upper sounds to the extent reasonably achievable, taking into account

technical, social`, and economic considerations.

The standards apply to both management and disposal. Subpart A

applies to management and includes storage, preparation of the wastes for

disposal, and placing them in a disposal site. Off-site transportation is

not covered. Subpart B applies to releases after the wastes are isolated

enough so that it would be much harder to get them out of the disposal

system than it was to put them in. With a geologic repository, for

example, Subpart B would take effect when the mine was backfilled and

sealed. The proposed Federal guides, included as Appendix A to the

standards, apply only to disposal.

DECISION NOT TO PUBLISH GENERAL WASTE DISPOSAL CRITERIA

On November 15, 1978, we proposed general Federal Radiation Protection

Guidance for the disposal of all types of radioactive wastes (43 FR 532621,.

After further thought, we believe that the characteristics of different

kinds of radioactive wastes are too dissimilar for general criteria to be

appropriate. Therefore, we do not plan to issue them. We believe the

best course is to write a series of standards and guides for disposing of

specific types of radioactive waste. The insights we gained from working

on the general criteria nave been useful in developing these standards and

guides.
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REGULATORY ANALYSIS

Executive Order 12044, "Improving Government Regulations," requires

Federal agencies to prepared a regulatory analysis for significant regu-

lations. This analysis should contain (1) a succinct statement of the

problem, (2) a description of the major alternative ways of dealing with

the problem, (3) an analysis of the economic consequences of each of these

alternatives, and (4) a detailed explanation of the reasons for choosing

one alternative over the others. EPA's plan (40 FR 30988) to implement

Executive Order 12044 contains more detailed guidelines for the economic

portions of a regulatory analysis.

Most of the topics required for a regulatory analysis are considered

in this Federal Register notice and in the Draft supporting this

action. Both documents discuss the problems associated with these wastes

and indicate why we are developing environmental standards and radiation

protection guidance. The Draft EIS describes the possible alternative

regulatory approaches that we considered, and it a so explains why we

chose this proposed action. We did not nave sufficient information to

determine the economic impacts of choosing either a more restrictive or a

less restrictive numerical standard, because the data required to make

such evaluations are not available now and may not be available for a long

time. Our analyses are based only on information about the costs and

effectiveness for a model of a mined deep geologic disposal repository.

Both the cost and effectiveness of geologic disposal depend on the charac-

teristics of the particular site. Information on cost and effectiveness

for other methods is even more uncertain than for the mined geologic
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repository. As a result of these limitations, we have not been able to

estimate the costs of different levels of protection. Therefore, economic

considerations have played a very minor role in our comparison of

alternatives.

We believe our proposed standards and guides provide adequate

protection of public health and the environment. We think that they can

be met by carefule use of existing technologies, and would not cause

unreasonable economic consequences.

Most of the information required for a regulatory analysis is also

reguired for an environmental impact statement. Therefore, because of the

of the required information described above, we did not prepared a

separate regulatory analysis document.

The remainder of this notice describes our proposed action in more

detail, summarizes its potential health and economic effects, and

discusses the implementation of these requirements. In several places, we

identify topics on which we would especially like comments.

(40 CFR 191 Subpart A)

WASTE MANAGEMENT

Certain operations required before disposing of high-level or

transuranic radioactive wastes are not regulated under our Uranium Fuel

Cycle Standards (40 CFR 190). These operations principally involve storage

of the materials, solidification or other preparation for disposal, and

placing the wastes in disposal sites. Subpart A applies to spent fuel

management, regardless of whether the fuel is considered to be waste,

except for management already regulated by 40 CFR 190.
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We estimated the largest expected radiation exposures to members of

the public from waste management and storage operations associated with

geologic disposal and found them to be somewhat smaller than the require-

ments set in 40 CFR 190. We propose to extend the limitations contained

in Part 190 to the operations addressed by this new Part 191 for two

reasons:

1. Other strategies for disposal could involve operations, such as

chemical separation of transuranic elements, which are similar to those of

spent fuel reprocessing. Reprocessing operations were a significant

consideration in selecting the limits of 40 CFR 190. Setting the standards

in Part 191 at the levels indicated by assessments based only on geologic

disposal activities could precluce other disposal strategies which might

be better.

2. Some of the operations addressed by Part 191 may take place near

operations regulated by Part 190. Establishing different limitations for

different operations at the same site would create difficult implemen-

tation problems with little, if any, additional public health protection.

The provisions of Part 191 require the combined impacts from multiple

operations to meet a single set of dose limitations which will be the same

in both Parts 190 and 191.

Section 191.03 therefore requires that the combined annual dose

equivalent to any member of the public due to operations covered by

Part 190, and to direct radiation and planned discharges of radioactive

materials covered by this Subpart, shall not exceed 25 millirems to the

whole body, 75 millirems to the thyroid, and 25 milltrems to any other
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organ. It also requires that waste management operations be conducted so

as to reduce exposures for members of the Public below this level to the

extent reasonably achievable, taking into account technical, social, and

economic considerations.

(40 CFR 191 Subpart 3)

DISPOSAL

Standards and guides for the disposal of high-level and transuranic

radioactive wastes require for different considerations than those for

management. These include:

1. The intent of disposal is to isolate the wastes from the

environment for a longer time than that over which active institutional

controls, such as monitoring the disposal site to detect releases of

radioactivity, can be relied upon for protection.

2. Disposal systems must be designed so that very little radioac-

tivity will return to the environment if the system performs as intended.

Thus, the principal concern is the possibility of unintentional releases,

either due to unintended events or inadequacies in the disposal system.

These considerations have several ramifications for standards develop-

ment. First, the standards can only be implemented in the design phase--by

setting design principles or by analytically projecting disposal system

performance. The more familiar concepts of implementation involving

monitoring of emissions or ampient levels of pollutants are not applicable.

Second, the standardS must address unintentional releases such as

those resulting from human intrusion or geologic faulting. Their provi-

sions must be applicable to a variety of disposal strategies because the
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Agency does not nave the authority to specify details of disposal method

ces gns. Regulations to be developed by the Nuclear Regulatory Commission

(NRC) or DOE, as appropriate, will control specific designs.

Third, the standards must allow for unusually large uncertainties.

These include both uncertainties in our current knowledge about disposal

techniques and innerent uncertainties about the distant ruture.

we addressed these issues by developing both general criteria and

projected performance requirements for disposal systems. The general

criteria will be Federal guides and the projected performance requirements

will be generally applicable environmental standards. These two parts of

our proposed action are complementary: the general criteria provide

qualitative requirements to reduce the cnance of future environmental

damage; the projected performance requirements set numerical limits on

potential releases.

(APPENDIX A)

GENERAL CRITERIA

The proposed radiation protection guides given i n Appendix A to the

proposed 40 CFR 191 include these criteria.

1. The wastes should be disposed of promptly once adequate methods

are available in order to reduce the chance of accidents during long-term

storage. We have not established a time limit for this disposal, because

the appropriate length of storage may depend on details on the disposal

system design. For example, it may be desirable to store high-level

wastes for ten years or more to allow for decay of most of the short-lived

radionuclides. The primary intent of this criterion is to prevent wastes

from being stored indefinitely in order to avoid ultimate disposal.
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Because they must be effective for so long, disposal systems

should offer as much protection as is reasonably achievable.

Disposal systems should reduce the consequences of possible

mistakes in selection, design, or construction by using several different

types of barriers, both engineered and natural, and by taking full

advantage of the protection each has to offer. With this redundancy, the

unexpected failure of one or more barriers will be compensated for by

other barriers. We could also have required that disposal systems meet

the numerical performance requirements even if some of their barriers

fail. Although additinal protection would be provided by such a

requirement. We do not believe that this is the best way to increase

protection of the public. It would create difficult implementation

problems, such as defining "barrier," and it could result in large

additional costs and long delays. We believe that making the overall

disposal system meet numberial performance requirements by taking

advantage of substantial protection from each of its components will

provide adequate protection most economically. However, we particularly

seek comment on this issue.

4. Protection from the wastes should not depend on the ability of

people to control them for more than 100 years after disposal, although

measures which require human attention are useful supplements to passive

controls.

5. The dangers and locations of disposal systems should be recorded

in tne most permanent ways practicable in order to reduce the chances of

unintended disruption of disposal systems by future generations.
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6. Disposal systems should not be iocated where there nas been

mining for resources. or wnere there is a reasonable potential for future

exploration for scarce or easily accessible resources. Furthermore,

disposal systems should not be located were there is a significant

concentration of any material wnich is not widely available from other

sources. This criterion would discourage tne use of geologic formations

which are often associated with resources. For example, the frequent

mining of salt domes either for their relatively pure salt or for use as

storage caverns would argue against locating a repository in this type of

structure. However, this same concern would generally not apply to bedded

salt deposits because they are much more common. We particularly seek

comment on this criterion because it could rule out sites which might

otherwise be advantageous in meeting all of our other recuirements.

7. Recovery of most of the wastes should be possible long after

disposal if unforeseen events require this in the future, unless the wastes

are removed from the Earth. The various isolation requirements of tnese

standards would make recovery after disposal very difficult and exoens ve

and probably dangerous. Nevertheless. because some of our scientific

understanding may prove to be wrong in a way that would produce much

greater risks than we expect, future generations must be able to recover

the wastes if they deem it essential. An important implication of this

requirement is that the physical location of the bulk of the wastes must

be reasonably predictable after disposal. Current plans for mined geologic

disposal would meet this requirement. However, some possible disposal

methods, such as deep well injection of liquid wastes or rock melting

concepts, may not. Since this requirement could eliminate some otherwise
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feasible and perhaps advantageous disposal methods, we particularly seek

public comment about it.

Executive Order 12086 makes the head of each executive agency respon-

sible for compliance with these guides, once the President has approved

them as Federal Radiation Guidance. In addition, the Order directs the

Administrator of the environmental Protection Agency to monitor compliance

by Executive agencies and to review and approve required compliance

plans. Conflicts on implementation may be resolved by the Director of the

Office of Management and budget. Exemptions may be granted by the

President.

(SECTION 191.13)

PROJECTED PERFORMANCE REQUIREMENTS

Tne projected performance requirements assume that we can predict

some aspects of the future well enougn to use the predictions for selecting

and implementing disposal methods. Assessment of any disposal plan will

require tne combination of assumptions about the future with engineering

and design information about the disposal method and geologic data for the

site. Such assessments can be used to decide whether a particular disposal

method provides adequate protection and to compare various methods to

determine the degree of protection that is reasonably achievable.

To develop tnese standards, we assessed the environmental impacts of

hign-level waste disposal in mined geologic repositories. Geologic

repositories were chosen because much more information is available on

this method than on others. The projected performance requirements,
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nowever, are meant to apply to any method of disposal except disposal

directly intp the oceans or ocean sediments. Thus, any other disposal

method would have to provide at least as much protection as that projected

for geologic disposal.

The standards do not apply to disposal in oceans or ocean sediments

because such disposal of hign-level waste is now prohibited by the Marine

Protection, Research, and Sanctuaries Act of 1972 and the London Dumping

Conventicn of 1972. However, disposal in deep ocean sediments is currently

being studied and may prove to be a technically feasible option. Thus, we

specifically request public comment cn extencing these standards to

include possible ocean disposal methods so that, if the law and treaty

were changed, these standards could apply to disposal of hign-level waste

in the oceans or ocean sediments.

In our assessments of geologic disposal, we identified expected and

accidental releases of radioactivity from a generic model of a repository.

The more; repository contains 100,000 metric tons of heavy metal (MTHM) as

spent reactor fuel, about as much as would be generated during the oper-

ating lifetimes of 100 reactors of current design. The initial amounts of

some of the principal radionuclides in this model repository would be:

eignt billion curies of cesium-137; six billion curies of strontium-90;

200 million curies of americium-241; 30 million curies of plutonium-239;

and one million curies of tecnnetium-99.

we examined the capabilities of waste canisters, waste chemical forms.

repository design, and geologic media to prevent or delay the release of

radionuclides. We selected reasonably achievable cnaracteristics for each
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portion of the disposal system. For accidental releases, we estimated the

probabilities of events leading to releases. Intentional disruption of the

disposal system was not considered.

Radionuclides were considered to be released from the disposal system

if they reach the accessible environment," wnich includes: surface

waters, land surfaces, the atmosphere, and underground formations which

might provide ground water for human consumption. Including these forma-

tions in the definition of "accessible environment" protects aquifers which

might become significant sources of water in the future, regardless of

wnether they are now being used as water supplies.

We propose to use the designations to be established under Acengy

regulations for underground injection control (UIC) programs (40 CFR 146)

to identify ground water supplies which should be part of the "accessible

environment.. Under these rules, most geologic formations which can

provice useable quantities of water with a total dissolved solids (TDS}

content less than 10 grams per liter are protected. Specific exceptions

can be made for formations which are impractical sources of water, for

example, because of depth or low productivity.

We plan to make one exception to the UIC procedure. The proposed

disposal standards do not limit releases to geologic formations which are

within one mile of a disposal system, because the formation itself can be

an important barrier in a disposal system. A one-mile distance is long

enougn to allow significant retention of radionuclides by geologic

barriers, but short enough so that only a very small part of available

ground water could be significantly contaminated.
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Our regulations and the assessments on which we base them cover

releases of radionuclides to the accessible environment for a period of

10,000 years after disposal. We believe that a disposal system capable of

meeting these requirements for 10,000 years will continue to protect people

and the environment beyond 10,000 years. We selected 10,000 years as the

assessment period for three reasons:

1. It is long enough for releases through groundwater to reach the

accessible environment. If we had selected a snorter time, such as 1,000

years, our estimates of radionuclides reaching the accessible environment

would be ceceptively low, because groundwater could take 1,000 years to

travel a mile at a well-selected site, and most radionuclides would take

much longer. Choosing 10,000 years for assessment encourages selection of

sites where the geochemical properties of the rock formations can signifi-

cantly reduce releases of radioactivity through groundwater.

2. Major geologic changes, such as development of a faulting system

or a volcanic region, take much longer than 10,000 years. Thus the like-

lihood and characteristics of geologic events which might disrupt the

disposal system are reasonably predictable over this period.

3. Radioactive decay will reduce the radionuclide inventory of the

wastes to about 0.1% of its original value in 10,000 years. Any hazards

from the radioactivity in the wastes will nave decreased to about those

from the equivalent amount of unmined ore.

We estimated the amounts of radioactivity that might reach the

accessible environment over this time period under various circumstances.

Then, the premature deaths from cancer caused by these releases were
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estimated using very general models of environmental transport and a

linear, nonthreshold dose-effect relationship between exposure anc cancers

caused. This relationship assumes that the number of premature cancer

deaths induced in a population is proportional to the total dose received

by the population, even at very low individual doses, and does not depend

on the population size.

Releases from geologic repositories fall into three general cate-

gories. Relatively small releases would be caused by expected processes

ano by fairly likely but unintended events, such as human intrusions.

These processes and events lead to what we call "reasonably foreseeable"

releases. Moderate releases would result from much less likely events.

sucn as fault movements or other disruptive geologic events and these we

call. "very unlikely releases." Very large releases would result only from

the intrusion of volcanos or impacts by huge meteorites. If sites are

selected away from regions of volcanic activity, these large releases will

be extremely unlikely.

We used our estimates of releases and their likelihood to select

limits on total releases cf radioactivity over 10,000 years. Limits were

set for two categories of releases in terms of their probabilities:

"reasonably foreseeable," and "very unlikely." Reasonably foreseeable

releases are those which have more than one chance in 100 of occurring

within 10,000 years. Very unlikely releases are those wnose chance of

occurring within 10,000 years is less than one in 100 and more than one in

10,000. No limits were set for releases which have less than one chance

in 10,000 of occurring within 10,000 years.
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Our assessments of repository performance gave estimates of the

possible premature cancer deaths expected from releases after disposal.

These estimates can vary considerably depending upon the assumptions used

and the geologic media considered. For well-designed 100,000 MTHM model

repositories in salt and granite, we estimate several hundred premature

deaths over 10,000 years. Because our analyses are too uncertain to

determine reliably more than the order of magnitude of the risks, we

adjusted our estimates to 1,000 premature deaths over 10,000 years for a

100,000 MTHM repository. We then used these adjusted estimates as the

basis for calculating the release limits specified in Appendix 3 of the

standards.

According to our model, more of the projected harm from releases

results from possible human instrusions than from geologic processes.

However, predicting human actions is mucsh more uncertain than predicting

natural events. In particular, we could only guess at tne frequency at

which some actions (such as drilling fcr resources) would be taken. We

considered setting separate performance requirements that would limit the

radioactivity that could be released by any one likely human intrusion, in

order to avoid having to estimate such frequencies. However, we did not

do this because: (1) setting separate requirements for natural and human

events would not place an upper limit on risk; and (2) setting separate

requirements for individual intrusions in addition to the total combined

requirements would not appreciably increase confidence that the overall

limits would be less we made the individual limits unreasonably

low. We specifically request comments on this issue.
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The release limits are given in Table 1 in terms of curies per 1,000

MTHM. The release limit for each radionuclide is the number of curies of

that radionuclide that we estimate could cause 1,000 premature deaths over

10,000 years if it were the only radionuclide released from a 100,000 ,MTHM

repository. For releases involving more than one radionuclide, the

allowed release for eacn radionuclide is reduced to the fraction of its

limit that insures that the overall limit on harm is not exceeded. For

transuranic wastes, the release limits are in units of an amount of wastes

containing tnree million curies of alpha-emitting transuranic

radionuclides. These units were chosen so that the standards would

require alpha-emitting radioactivity from either high-level or transuranic

wastes to be isolated with about the same degree of effectiveness. This

procedure for using tne release limits is described in Appendix 6 to the

proposed standards. Compliance with these performance requirements will

be achieved if the projected releases from a disposal system do not exceed

these release limits.

EFFECTS ON HEALTH

A disposal system that could hold wastes from 100,000 MTHM could

contain all existing wastes and the future wastes from all currently

operating reactors. We estimate that this quantity of wastes, when

disposed of in accordance with the proposed standards, would cause no more

than 1,000 premature deaths from cancer in the first 10,000 years after

disposal: an average of one every 10 years.
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Our estimate of 1,000 deaths over 10,000 years is not intended to be

a precise projection of the actual risk from waste disposal. Food chains.

ways of life, and the size and geographical distributions of populations

will unacubtedly change over any 10,000 year period. Unlike geological

processes, factors such as these cannot be accurately predicted over long

periods of time. Thus, in making our health effects projections we found

it necessary to depend upon the use of very general models of

environmental pathways, and to assume current population distributions and

death rates. As a consequence, these projections are intended to be used

primarily as a tool for comparing the performance of one waste disposal

system to anot her and for comp arison of t he risk s of waste disposal with

those of undisturbed ore bodies. The results of our analysis should not

be considered a reliable projection of the "real" or absolute number cf

nealtn effects resulting from compliance with our standards.

Most of the excess cancer deaths caused by the waste would occur more

than 1,000 years after disposal. This discontinuity between when the

wastes are generated and when the projected health effects manifest

themselves has resulted in a particularly difficult problem in determining

what level of residual risk should be reasonably permitted by these

standards. The difficulty arises from the fact that most of the benefits

derived in the process of waste production fall upon the current

generation while most of the rists fall upon future generations. Thus, a

proolem of intergenerational equity with respect to the distribution of

risks and benefits becomes apparent. This problem is sometimes referred
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to is the intergenerational risk issue, and it is not unique to the

cisposal of high-level radioactive wastes. If we were to insure that our

standards fully satisfy a criterion of intergenerational equity with

respect to the distribution of risks and benefits, it appears we should

require that no risk be passed on to future generations. This is a

condition which we conclude cannot be met by disposal technologies

foreseeable within this century.

in the face of this dilemma, we are left with two major options:

(1) delay setting standards in the nope that future technologies would

provide better control, or (2) proceed to set standards on the basis of

tne best technology that can reasonably be achieved given current

scientific, technical, and fiscal capabilities. We have chosen the latter

apprcacn. in so doing we nave made the judgment that current knowledge is

sufficient to allow for the development of repositories which will reduce

risks to a reasonable level. We believe these risks are reasonable

because they are very small and the only alternative available is to delay

disposal to some indefinite time in the future.

There is one additional factor which has contributed to our decision

on the reasonableness of the risks permitted under our proposed

standards. This is an analysis we have prepared of the risks associated

with undisturbed uranium ore bodies.

Uranium Ore: Most uranium ore in the United States occurs in

permeable geologic strata containing flowing ground water. Radionuclides

in the ore, particularly uranium and radium, continuously enter this
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ground water. We estimated the harm from these undisturbed ore bodies

using the same environmental models that we used for releases from the

waste repository. The effects associated with the amount of ore needed to

produce the high-level wastes that would fill the model geologic

repository can vary considerably. Part of this variation corresponds to

actual differences from one ore body to another; part can be attributed to

uncertainties in the assessment. The estimates ranged from 300 to

1,000,000 excess cancer deaths over 10,000 years. Thus, leaving the ore

unmined presents at least as great risk to future generations as

disposal of the wastes covered by these standards.

It remains unclear to us whether this analysis provides an adequate

means of resolving the question of intergenerational risk. It has,

nowever, helped to influence our decision of nat is an acceptable level

of residual risk given our current scientific, technological, and fiscal

capaoilities. We particularly invite comment upon the questions of

intergenerational risk and the acceptability of risk. Additionally, for

purposes of comparisons of risks permitted under the standards to

radiation risks we are currently exposed to, we have included a brief

discussion of the risks from natural background and from the uranium fuel

cycle.

Variations in Natural Background: Radionuclides occur naturally in

the earth in very large amounts, and are produced in the atmosphere by

cosmic radiation. Everyone is exposed to natural background radiation

from these natural radionuclides and from direct exposure to cosmic
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radiation. These natural background radiation levels have remained

relatively constant for a very long time. According to the same linear,

nonthreshold dose affect relationship used in the other analyses, an

increase of one millirem per year (about one percent) in natural background

in the United States would result in about 40 additional deaths per year,

or 400,000 over a 10,000 year period. Natural background rates vary within

the United States by tens of millirems per year, and future generations

will experience this same variation.

Nuclear Power Generation: The model geologic repository considered

in developing these standards contains the wastes produced in generating

adout 3,000 gigawatt-years of electricity. This is the output of about

100 large nuclear power plants operating for 40 years each. We estimate

that the normal operations of these reactors and their supporting

facilities, such as uranium mills and fuel fabrication plants (but

excluding uranium mines), will cause about 3,000 excess deaths in the

first 100 years after the power is produced. (These estimates do not

include deaths from any accidental radioactive releases at these

facilities.) Therefore, risks to future generations from disposal of

nign-level wastes are significantly less than the risks to the generations

receiving the immediate benefits from the electric power generated.
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ECONOMIC ANALYSIS

The proposed standards for disposal of high-level radioactive wastes

will be applied to a developing technology, where the available information

base is still incomplete. Therefore, it is difficult to determine the

added costs of compliance with the standards. Instead, we have designated

a reference program, which is based on disposal cost estimates previously

published by DOE. We then increased these DOE estimates to allow for

additional expenditures which might be needed to implement a high-level

waste disposal program in full compliance with our proposed standards and

guides. The difference between the cost of the reference program and the

cost of a program in compliance with these proposed standards does not

necessarily represent the cost of implementing these standards. In fact,

it seems iikely that prudent considerations and current public opinion will

require that any waste disposal method will cost more than the earlier DOE

estimates. Thus, the incremental difference represents our estimate of

the maximum potential economic impact of the proposed standards.

Commercial and military hign-level wastes are considered separately in this

section.

Commercial Waste

We assumed a reference waste management and disposal program based

upon studies performed by DOE to support the President's spant fuel policy.

This reference program involves the geologic disposal of spent fuel in salt

formations using Carbon steel canisters. We based our estimates of the

economic impacts of this reference program on potential charges to
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utilities for waste management services to be provided by the Government.

From the DOE analyses, we estimate that the Cost to utilities in 1990

would range from 0.6 to 1.4 (1978) mills per kwn. The total annual cost

for 1990 would be 500 million to 1.2 billion (1978) dollars. This charge

covers all waste management costs, except for reactor site storage of spent

fuel. The year 1990 was selected because the DOE estimates were based on

the waste management program being established by then

we assessed the costs, above those for the reference program, that

might be caused by our proposal. First, we estimated the cost for each

component involved in the management and disposal of spent fuel. the costs

of the management and disposal of spent fuel include: storage of spent

fuel for ten years after discharge from the reactor, which covers both

reactor-site and away-from-reactor storage; transportation of the spent

fuel from the storage site to a facility designed for encapsulation of the

waste; the encapsulation of the waste, which includes the necessary

handling and processing oefore disposal; disposal in a geologic repository;

Government research and development; Government overhead; and decommis-

sioning of waste management facilities and post-operational activities.

Three of these components may be affected by this action. Encapsu-

lation costs may be larger if compliance requires more durable canisters

(e.g., stainless steel or titanium canisters). Disposal costs, which

include constructing, operating, and backfilling a geologic repository,

will be affected if compliance requires the use of geologic media which

are more expensive to mine than salt formations (e.g., granite). Research

and development costs may increase because of additional site evaluation
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and additional research for improved control technologies (e.g., more

stable waste forms). Based on these three possible effects. we estimate

that the proposed action could result in commmercial waste management costs

up to 50 percent larger than those for the reference program. The total

waste management costs would increase the cost of nuclear generation of

electricity by about 10 percent. We estimate the total annual cost of the

waste management program in compliance with the standards in 1990 as no

more than 1.8 billion (1978) dollars. These waste management and disposal

costs would be less than 3 percent of total electric utility revenues in

1979, and should be a smaller portion of future revenues. Thus, tney

should cause no more than a 3 percent average increase in future

electricity rates.

Military Waste

We considered a DOE reference program based on disposal in on-site

geologic repositories. We estimated that the total cost of this reference

program would be about 3.7 billion (1978) dollars to dispose of all

existing military wastes and additional military wastes generated through

1990. The present value of this reference program cost, at a discount rate

of 10 percent, is 1.8 billion (1978) dollars.

Our proposed requirements could increase this cost in five areas:

waste processing, encapsulation, transportation, disposal, and research

and development. In the reference program, long-lived technetium-99 would

be left in processed salt cake and stored in existing ones te tanks. Under

our standards, additional processing would be required to separate
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technetium-99 for disposal. Encapsulation costs would be increased if a

canister providing greater protection is needed. Transportation would cost

much more if the high-level wastes must be disposed of off-site. if the

selected off-site geologic media are more difficult to mine than the

on-site media, disposal costs may be increased. Research and development

costs would be increased because more extensive site evaluation and

researcn on better control technologies may be needed.

We calculated the extra costs for each of these areas, considering

both projected costs and potential delays. We estimated that the extra

costs could oe as large as 1.7 billion (1978) dollars, for a total defense

waste program cost of 5.4 billion (1978) dollars. This would be an

increase of almost 50 percent over the cost of the reference program. Our

estimate of the present value of the additional cost is 320 million (l978)

dollars, for a total discounted cost for the defense waste program of

2.1 billion (1972) dollars. This woula be an increase of less than

20 percent over the discounted cost of the reference program.

IMPLEMENTATION

Standards for operations (Subpart A) will be implemented by the NRC

for commercial nuclear power activities and by the DOE for national defense

facilities. Implementation procedures for Subpart A will be very similar

to those for the Uranium Fuel Cycle Standards (40 CFR 190).

DOE will select, design, and construct all disposal facilities for

high-level and transuranic wastes. Our requirements for disposal

(Subpart 8 and Appendix A) will be implemented by NRC for all high-ievel
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wastes, whether the wastes come from commercial or military activities.

NRC will do this by developing the necessary regulatios (primarily

10 CFR 60) and by issuing appropriate licenses to DOE. Under current law,

disposal of transuranic wastes from military activities is not regulated

by NRC; therefore, DOE will apply our requirements to the disposal of

these transuranic wastes.

The standards for disposal must be implemented through design

specifications. The implementing agency will have to evaluate long-term

performance projections of the designed system. As a result, a vital part

of implementation will be the use of adequate models, including the proba-

bilities of unplanned events, to relate appropriate site and engineering

data to projected performance.

The NRC has made substantial progress in developing such analytical

models to predict long-term performance of actual geologic repositories.

These models include estimates of the effects of uncertainties in the

data. Thus, they give information about needs for obtaining better cata

to determine if repositories meet the projected performance requirements

of these standards.

At our request, the National Academy of Sciences (NAS) studied the

difficulties in verifying compliance with the long-term environmental

protection requirements for geologic disposal. They have developed an

approach that specifies the types of information needed and outlines

appropriate methods for obtaining this data at prospective sites.
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Based on the NAS study, NRC's models, and our own analytical efforts,

we have concluded that these disposal standards can be implemented. We

oelieve that it would be best if implementing agencies use generic rule-

making proceedings. Such proceedings would consider comprehensive risk

assessments wnich calculate potential releases of radionuclides from

various events or processes. The assessments would identify the important

engineering design and site selection parameters and would indicate how

potential releases depend on these parameters. The generic proceedings

would then be able to establish limits for the important design and site

parameters which, if met, would provide a reasonable expectation of

compliance with these standards. Only these limits would need to be

satisfied in subsequent licensing actions. We believe generic proceedings

are tne best way to proceed because the methods needed to address

uncertainties could be developed more easily through generic rulemaking

than in specific licensing actions.

DATED:

Administrator
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A new Part 191 is proposed to be added to Title 40, Code of Federal

Regulations, as follows:

SUBCHAPTER F - RADIATION PROTECTION PROGRAMS

PART 191 - ENVIRONMENTAL RADIATION PROTECTION STANDARDS FOR

MANAGEMENT AND DISPOSAL OF SPENT NUCLEAR FUEL, HIGH-LEVEL AND

TRANSURANIC RADIOACTIVE WASTES

Subpart A - environmental Standards for Management and Storage

191.01 Applicability

191.02 Definitions

191 .03 Standards for Normal Operations

191.04 Variances for Unusual Operations

191.05 Effective Date

Subpart-3 - Environmental Standards for Disposal

191.11 Applicability

191.12 Definitions

191.13 Projected Performance Requirements

191.14 Effective Date
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Appendices

Appendix A General Criteria for Disposal of High-Level and Transuranic

Radioactive Wastes

Appendix B Release Limits for Projected Performance Requirements

AUTHORITY: The Atomic Energy Act of 1954, as amendea; Reorganization Plan

No. 3 of 1970.

SUBPART A - ENVIRONMENTAL STANDARDS FOR MANAGEMENT AND STORAGE

191.01 Applicability

This Suopart applies to radiation cases received by members of the

public as a result of the management (except for transportation) and

storage of spent nuclear fuel, high-level, or transuranic radioactive

wastes, to the extent that these operations are not suject to the

provisions of Part 190 of Title 40.

191.02 Definitions

Unless otherwise indicated in this Subpart, all terms shall have the

same meaning as in Subpart A of Part 190.

(a) "Spent nuclear fuel" means any nuclear fuel removed from a

nuclear reactor after it has been irradiated.

(b) "High-level radioactive wastes" means: (i) wastes resulting

from the operation of the first cycle solvent extraction system, or

FOR EPA OR INTERAGENCY REVIEW ONLY

D-33



WORKING DRAFT NO. 19 -FEDERAL REGISTER NOTICE -3/19/81 -PAGE 34

equivalent, in a facility for reprocessing spent nuclear fuels; (ii) the

concentrated wastes from subsequent extraction cycles, or equivalent;

(iii) solids derived from such wastes; or (iv) spent nuclear fuel if

disposed of without reprocessing.

(c) "Transuranic wastes," as used in this Part, means wastes

containing more than 100 nanocuries of alpha emitting transuranic

isotopes, with half-lives greater than one year, per gram of waste.

(a) "Storage" means placement of radioactive wastes with planned

capability to readily retrieve such materials.

(e) "Management and storage" means any activity, operation, or

process, except for transportation, conducted to prepare spent nuclear

fuel, high-level or transuranic radioactive wastes for storage or

disposal, the storage of any of these materials, or activities associated

with the disposal of these materials.

(f) General environment" means the total terrestial, atmospheric,

and aquatic environments outside sites within which any operation

associated with the management and storage of spent nuclear fuel,

high-level or transuranic radioactive wastes is conducted.

(g) "Memoer of the public" means any individual who is not engaged

in operations involving the management, storage, and disposal of materials

covered by these standards and guides. A worker so engaged is a memoer of

the public except when on duty at a site.
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191.33 Standards for Normal Operations

Operations covered by this Subpart should be conducted so as to

reduce exposures to members of the public to the extent reasonably

achievable, taking into account technical, social, and economic

considerations. As an upper limit, except for variances in accordance

with 191.04, these operations shall be conducted in such a manner as to

provide reasonable assurance that the combined annual dose equivalent to

any memoer of the public due to: (i) operations covered by Part 190,

(ii) planned discharges of radioactive material to the general environment

from operations covered by this Subpart, and (iii) direct radiation from

these operations; shall not exceed 25 millirems to the whole body,

75 millirems to the thyroid, or 25 millirems to any other organ.

191.04 Variances for Unusual operations

The standards specified in 191.03 may be exceeded if:

(a) The regulatory agency has granted a variance based upon its

determination that a temporary and unusual operating condition exists and

continued operation is in the public interest, and

(b) Information is promptly made a matter of public record

delineating the nature of the unusual operating conditions, the degree to

which this operation is expected to result in levels in excess of the

standards, the basis of the variance, and the schedule for achieving

conformance with the standards.
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191.05 Effective Date

The standards in this Subpart shall be effective 12 months from the

promulgation date of this rule.

SUBPART B - ENVIRONMENTAL STANDARDS FOR DISPOSAL

191.11 Applicability

This Subpart applies to radioactive materials releases into the

accessible environment as a result of the disposal of high-level or

transuranic radioactive wastes, including the disposal of spent nuclear

fuel. This Subpart does not apply to disposal directly into the oceans or

ocean segiments.

191.12 Definitions

Unless otherwise indicated in this Subpart, all terms shall have the

same meaning as in Suopart A of this Part.

(a) "Disposal" means isolation of radioactive wastes with no intent

to recover them.

(b) underground sources of drinking water" means aquifers which

nave been designated as such under Part 146 of Title 40.

(c) "Accessible environment" means the Earth's atmosphere, land

surface, surface waters, and those underground sources of drinking water

that are more than one mile in any direction from the original location of

the radioactive wastes in a disposal system.
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(d) "Barriers" means any materials or structures that prevent or

substantially delay movement of the radioactive wastes toward the

accessible environment.

(e) "Disposal system" means any combination of engineered and

natural barriers that contains radioactive wastes after disposal.

(f) "Reasonably foreseeable releases" means releases of radioactive

wastes to the accessible environment that are estimated to have more than

one chance in 100 of occurring within 10,000 years.

(g) "Very unlikely releases" means releases of radioactive wastes to

tne accessible environment that are estimated to nave between one chance

in and one cnance in 10,000 of occurring within 10,000 years.

(n) "Performance assessment" means an analysis which identifies

those events and processes which might affect the disposal system.

examines their effects upon its barriers, and estimates the probabilities

and consequences of tne events. The analysis need not evaluate risks from

all identified events. However, it should provide a reasonable

expectation that the risks from events not evaluated are small in

comparison to the risks which are estimated in the analysis. The analysis

should address the uncertainties in the estimates. To provide reasonable

confidence in its results, the analysis shall be subjected to peer review

by technically competent individuals independent of the organization

preparing the assessment.

(i) "Heavy metal" means all uranium, plutonium, or thorium placed

into a nuclear reactor.
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191.13 Projected Performance Requirements

(a) Disposal systems shall be designed to comply with the projected

performance requirements of this section. These requirements are upper

limits. In accordance with Appendix A, the implementing agency should

estaDlish design objectives which will reduce releases as far below these

limits as reasonably achievable.

(b) Disposal systems for hign-level or transuranic wastes shall be

designed to provide a reasonable expectation, based upon quantitative

performance assessments, that for 10,000 years after disposal:

(1) Reasonably foreseeable releases of waste to the accessible

environment are projected to be less tnan the quantities calculated

according to Appendix B.

(2) Very unlikely releases of waste to the accessible

environment are projected to be less than ten times the quantities

calculated according to Appendix B.

191.14 Effective Date

The standards in this Subpart shall be effective immediately upon

promulgation of this rule.
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APPENDIX A - GENERAL GUIDANCE FOR

DISPOSAL OF HIGH-LEVEL AND TRANSURANIC RADIOACTIVE WASTES

The general guidance recommended in this appendix, when approved by

the President, would provide radiation protectoin guidance to all Federal

agencies in accordance with Executive Order 10831 and 42 U.S.C 2021(h)

Disposal systems for high-level or transuranic wastes should comply with

each of the following recommendations:

Recommendation 1: Wastes should be disposed of promptly once

disposal systems which comply with these standards are developed.

Recommendation 2: Disposal systems should be designed to keep

releases to the accessible environment as small as reasonably achievable,

taxing into account technical, social, and economic considerations.

Recommendation 3: Disposal systems should use several different

types of barriers to isolate the wastes from the accessible environment

Both engineered and natural barriers should be included. Each such

barrier should separately be designed to provide substantial isolation,

regardless of how well the Other barriers perform.

Recommendation 4: Active institutional controls should not be relied

upon to isolate the wastes for more than 100 years after disposal.
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Recommendation 5: Disposal systems should be identified by the most
permanent markers and records practicable to indicate the dangers of the
wastes and their location.

Recommendation 6: Disposal Systems should not be located where there

nas been mining for resources or where there is a reasonable expectation

of exploration for scarce or easily accessible resources in the future.

Furthermore, disposal systems should not be located wnere there is a

significant concentration of any material which is not widely available

from other sources

Recommendation 7: Dispoal systems should be designed so that most

of the wastes may be recovered if this is found necessary in the future,

unless the wastes are removed from the Earth.

DEFINITIONS:

(1) "Active institutional controls" means maintaining an

institutional capability to: (i) restrict or deny access, (ii) monitor,

terminate, or clean up releases to the accessible environment, or

(iii) preserve knowlecge about the location, design, or inventory of a

disposal site.

(2) All other terms shall have the same meaning as in 40 CFR 191.
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APPENDIX B - RELEASE LIMITS FOR

PROJECTED PERFORMANCE- REQUIREMENTS

NOTE 1: The Release Limits in Table 1 apply either to the amount of

nign-level wastes generated from 1,000 metric tons of heavy metal (MTHM),

or to an amount of transuranic (TRU) wastes: containing three million

curies of alpha-emitting transuranic radionuclides. To aevelop Release

Limits for a Particular disposal system, the quantities in Table 1 shall

be adjusted for the amount of wastes included in the disposal system.

For example:

(a) If a particular disposal system contained the hign-level wastes

from 50,000 MTHM, the Release Limits for that system would be the

quantities in Table 1 multiplied by 50 (50,000 MTHM divided by 1,000 MTHM).

(b) If a particular disposal system contained 15 million curies of

transuranic wastes, the Release Limits for that system would be the

quantities in Table 1 multiplied by five (15 million curies divided by

three million curies).

(c) If a particular disposal system contained both the high-level

wastes from 50,000 MTHM and 15 million curies of transuranic wastes, the

Release Limits for that system would be the quantities in Table 1

multiplied by 55:

50,000 MTHM 15,000,000 curies TRU

1,000 MTHM 3,000,000 curies TRU
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NOTE 2: In cases wnere a mixture of radionuclides is projected to be

released, the limiting values shall be determined as follows: For each

radionuclide in the mixture, determine the ratio between the cumulative

release quantity projected over 10,000 years and the limit for that

radionuclide as determined from Table 1 and Note 1. The sum of such

ratios for all the radionuclides in the mixture may not exceed one.

For example, if radionuclides A, B, and C are projected to be

released in amounts Qa' Qb, and Qc, and if the applicable Release

limits are RLa, RLb, and RLc, then the cumulative releases over

10,000 years shall be limited so that the following relationship exists:
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