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Mr., John Buckley, Mail Stop 623-SS

NRC Review of the DOE Letter Response to NRC Concerns on
ES Construction and Sealing Methods

Please find enclosed one (1) copy of our comments on the subject
Our comments largely arise out of our reviews of the
documents referenced in the DOE letter; as such, we have suggested
additions, deletions, and changes in wording.

If there are any comments or questions, please don't hesitate to
call. :

Sincerely,

/%ggnyERS INTERNATIONAL, INC.
Robert A. m

Project Engineer
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Mr. J. 0. Neff
Salt Repository Program Manager
U.S. Department of Energy
National Waste Terminal Storage
Program Office
505 King Avenue
Columbus, OH 43201
Dear Mr. Neff:
The NRC staff has reviewed the DOE January 11, 1984 letter providing
N information on exploratory shaft construction and sealing. This material was

provided in response to our letter of June 15, 1983.

The two broad areas of concern considered in our review are: 1) that the site
characterization activities (e.g., construction of an exploratory shaft) will
not compromise subsequent long-term isolation and containment capabilities of
the repository; and 2) that plans for construction of the exploratory shaft
will not preclude the acquisition of adequate information for site

characterization. These two concerns are raised early (i.e. well in advance of

(N

license application ) so that DOE commitments to construction techniques can be
examined thoroughly prior to implementation.
Our June 15, 1983 letter, identifies information needs of construction and the
NRC pertaining to six broad areas associated with exploratory shaft
construction and sealing: 1) shaft and seal design considerations, 2)
construction plans and procedures, 3) sealing and grouting plans and
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procedures, 4) construction testing and inspection plans and procedures, 5)
plans and procedures for gathering specific information related to site
characterization, and 6) quality assurance for all of the above. SpecifichRC
comments related to the DOE response associated with each of the above-six
areas are addressed in Attachment 1. NRC consultants' comments on the DOE

response are provided for your information in Attachments 2, 3, and 4.

Our review has identified major concerns regarding the design of and research
and testing needs for long-term sealing performance of the repository when
blind drilled shaft construction is used. Related to that is the NRC concern
regarding the potential use of the exploratory shaft for site characterization

data gathering. These concerns are discussed in Attachment 1.

Based on the 1imited information provided in the DOE documents, the NRC staff
has not identified any major adverse safety-related effects which might result
from the exploratory shaft construction. However, additional information is

needed as discussed in Attachment 1 of this letter.

We understand that DOE is considering a second exploratory shaft. Any changes
or additions to the DOE program as described in your letter of January 11, 1984
which would result from this program modification wou:d be subject to our

future review when details are provided.
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If you have any questions covering the attached material, please contact

John T. Greeves at (301) 427-4032.

Sincerely,

Engineering Branch
" Division of Waste Management

_ Attachmenté:

1. NRC Comments on DOE response of January 11, 1984 to NRC June 15, 1983
letter.

2. Review of attachmehts to DOE letter of January 11, 1984 by Sandia National
Laboratories.

3. Review of attachments to DOE letter of January 11, 1984 by Dr. J. Daeman,
University of Arizona.

4. Review of attachments to DOE letter of January 11, 1984 by Engineers
International, Inc.
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Attachment 1
NRC Corments On Doe Response of January 11, 1984 to
NRC June 15, 1983 Letter
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I. Shaft and Seal Design Considerations

A. DOE states that the potential effects of shaft construction on the
shaft-wall rock mass, which could adversely effect its long term sealing
capability argi/ stress redistribution and excavation damage. Of these
DOE considers the first to be more important. DOE further states that
decommissioning seals can be designed to overcome the rock disturbance

induced by these phenomena (per DOE references 7, 9, 10).

While NRC concurs that these two effects identified by DOE are indeed
potentially significant and merit consideration)the NRC staff would like

to suggest other potential phenomena that also merit consideration:

meluding bloek Pailores as well as sgueezmq orswellmg grovwd)
and ﬂ/og;ms sand) forall potentially svséeptible fevmations

° Shaft-wall co]‘lapse,A
Woé) P . » .
,_sbys/—) lushing out of filling mater1als,f4=em—-the—roek—mass- when the.

hart 465 cl'y‘ . R ..
? :k m y‘cld liner is removed for decommissioning seal placement.
i

NRC review of the references quoted by DOE indicates that the references

do not substantiate the conclusion that the decommissioning seals can be

designed to overcome these disturbances. Rather‘)-i-t-q‘-s—-ehe-vp-i-n-i-cn—lo-e
mterprets

+he NRC stafﬁthat-the—bas#e—eeae—l—us—i—en—e—f- the, references ean—best—be 45 basiea//y
—summarized-by stating that further generic and site-specific in situ
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testing of the seal designs presented in the references is required (as
recommended by the designees themselves). Furthermore,the desigéiappear
to be inconsistent with some of the latest principles of bulkhead design,
(Auld, 1983). This reference, in fact, raises NRC concern as to the
viability of the bulkhead design technique as selected by'DOE. Some of

these concerns are as follow:

“To key the bu]kﬁead into the shaft wall requires more excavation
eytend amd

which introduces further destressing. That could,create additional

possible leakage paths through a larger area of the strata. This

raises doubts as to whether the bulkheads should be keyed into the

shaft walls at all.

° The Tength (vertical dimension) of the bulkhead should be
The necessary lengtlh _
substantia].Aané—4% is governed by leakage resistance around the

sides and through the surrounding rock. The longer length required
. Mmnirmizes .

for leakage sealing also ersures—tow shearing or bearing stresses at

the concrete to rock interface. These design considerations are

site-specific and require in situ testing.
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°  The optimum location of the bulkheads is of utmost importance and is

decided on detailed knowledge of the site-speeific geologic and

hydrogeologic conditionsj’éo be wwunb@d i the sha 1&&,
The destogn shovld contam the Plexibility to refocate 40
add seals as necessary to ymeet actval shalt condstions.,

The NRC staff considers that these and other concerns about the design of

the decommissioning shaft seals can best be answered by accomplishing a
=/te explora E7on and

planned program ofAin-situ testing and monitoring. The rationale for the

design of bulkheads should be substantiated before further development is

performed.

DOE states that the blind-hole drilling method in itself does not reduce
uncertainties in long-term sealing, but states that there are advantages
to the method as follow: "In comparison to conventional drill and blast
methods, it can reduce the damage caused during excavation, and supports
the shaft wall through the use of weighted drilling fluids."

(Aeseribe dota peeds and comstrvetion factors thet vuderseomt
The NRC staff not;;:ﬁg;eferénce 7 giver; by DOE ;;;;e;g){several
disadvantages of the blind-hole drilling method (p. 53, p. 92, p. 98,

DoE Referenee (pp A -4 t0A-5) deseripes data critical to long-term seaimq that cannot be ao/(ectea/ Lo

~BoE-Teference—6—{p—4 . o irectty
20), as—does —and-5). It appears to the NRC staff I hct-borect

that tie—dtsadventages—identifded—renmire consideration of additional ;"7;@ f:ﬁ”
rswanm;ted dund vvige rtaimttes m«[a; 4-?)&0
efforts on the part of DOEAto offset the disadvantages,of blind hole rodicate Lict
drilling, p1 assurmg that Jong-term 5¢a/;ng Canr be 5;5’205 ;’Z/&
¢l phively aceomplished. protect agamst

Mur\@é"*\
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c.

DOE states that the DOE ES design specifications dealing with factors
affecting sealing concern the short-term operation seals. The NRC staff
cons1ders/' the ES design spec1ficat1ons shou1d also address factors

related to the long-term seals. Some of the seals placed at the time of

s they ore removed and replaced, which miveduees jm:’lfeh ha 2avd and 4i5torbanes ’

ES construction will have to perform on a long-term bas1s)7A A]sojthe *,zf;; voe

activities associated with the placement of short-term seals must take
into account the potential long-term implications. The NRC staff suggest
that some de’comissioning seal designs be considered for construction of
short-term seals. Advantage could then be taken of the oportunity to test

the decommissioning seals during the operation of the repositorx,*‘or‘ f?£>7_'£hﬁﬁiy°

DOE describes the design and materials for operational and decommissioning

-seals. The NRC staff considers that although the WES-PSU developed

materials and mix designs may have the sealing properties claimed, it has
not been demonstrated that the seal systems constructed using these

materials will provide sufficient sealing for the desired time periods.

The industry experience with the CSR is only limited to the last 20 years,
s not gamed ynder conditions Somilsr goa repository

and the experiencelydid s (i.e. large

diameter shaft, high temperatures eﬁP;rounded by water/brines). The DOE

plan to manually plac+ng seals only at the base of the final casing will
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II.

not offset the lack of long-term experience. The NRC staff suggest that

DOE considerg placing long-term seals at additional locations.

'DOE states that an EDBH will be drilled to obtain design and site
availablc as %o the Agaafr /zﬂezazsyy c»»t%ecéu&t

character1zation data. However,Aaa-1nformat1oql

type-—of-data-that can be gathersed-nor is the locationofthe—EBBH +th e riformatit:
Prowm € will

speetfted. NRC request that DOE from this source identify the proposed substﬂﬁlbzz

Tocation of this hole,te—show—if—it—is—eoaxi ft-orat ﬁ;ﬁ;ésufes

u)ft11t¢u shaft,
<Some-dtstance—~from=tt, If the drillhole is not coaxialzia iscussion of

/ram:t /0 Mt
confyrm

how the EDBH is to be sealed should be provided. It appears that DOE does
not intend that the EDBH will provide any characterization of the

disturbed zone.
The DOE statement that there are no plans for testing the decormissioning
seal components in the exploratory shaft is unfortunate and should be

reconsidered (as explained in-"C" above).

Construction Plans and Procedures

DOE indicates that acceptance criteria for construction of exploratory
shafts will be developed in late FY 84 or early FY 85. These criteria
need to address the requirements of 10 CFR 60 10.d(1) "to limit adverse
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effects on the long-term performance of the geologic repository” by the
‘shaft construction. Reference 8 does address these requirements only to

the extent of very broad recommendations.

B. DOE states that damage to the rock mass can be minimized by the use of
multiple liners and a controlled mud program. Our concern is how

successfully the mud density can be maintained optimally throughout the
. < ailvre Y2
shaft sinking process, so as to prevent shaft-wallp4mﬂ4ﬂﬁee on,one hand

and prevent hydrofracturing on the other. Mud records may not always be

r
able to indicate occurence of hydrofracturing. It should be stressed that

apart from taking all possible precautions to prevent strata damage, the

DOE should outline procedures to mitigate damage that may occur. In large
( becavse more #mgéurs will daylgbt rmgttu: sty't, Thus, 3‘£z1ybi/féy Myst bca%’d/fssec/ ™M

diameter shafts, large block failures may also occuig/\Oil we ing i;g;i}n,zf
Just thos<
Ehat Caused
hole stabili?,
problems ™y
< yplovatory
boreholes.

experience with small diameter holes may not be fully indicative of all
types of failure modes significant to the protection of the isolation

capability of the site.

C. Since multiple liners are p]anned’te—be—&sed, considerable attention needs
to be devoted to complete grouting behind the liners to ensure that no
voids are left. NRC recommends that DOE document the methods that are
planned to positively locate any voids behind the steel lining and the

procedures planned to adequately seal them.



103/104/JJP/84/06/4/0

III.

The NRC staff is also concerned about seal problems associated with mud

contamination of the shaft walls and the surrounding rock mass, and of mud

contamination of the cement grout. It is requested that DOE provide an

analysis of considerations affecting mud contamination and sealant

performance. NRC also considers that an explanation is needed on how the
preeise

properj,{locations for placement of the chemical seal rings behind the steel

lining will be determined when placing the CSR}t/at the aquifer/aquatard

and fresh water/brine interfaces.

Sealing and Grouting Plans and Procedures

DOE indicates that discussions of long-term seal performance are given in
DOE references (7, 13, and 14). However, the documents do not give any
research plans for work on mortars and concretes needed for sealing. It
is the NRC staff's opinion that research is required to include studies on
the strength and elastic properties of cement-based materials at elevated
temperatures. The test program indicated for the CSR also needs to be

conducted, including thermal stability of the long-term case.

DOE appreciates the problems to be expected because of voids in the grout

behind the 1ining and indicates that these will be detected by bond logs.
Qrod‘i: and vest

Due to the complex arrangement ofh%he-pipes, this needs further<::iji%~\§
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Iv.

discussion, as explained in Section VI, Quality Assurance of this

Attachment 1.

DOE@?:states that a major inundation is not a credible event, however it
must be recognized that inundations of salt shafts have happened (DOE

reference 7).

The procedures presented to detect and to rectify seepages at any point in
the shaft require further discussion. The NRC staff would 1ike to know
how seepage along Tiner-grout, pipe-grout and rock-grout interfaces will
be detected; especially between the Towest aquifer above the salt
formation and the top of the repository salt horizon. A temporary
stoppage with grouting, without ascertaining the cause of the seepage,
would leave the potential for the recurrence of the leak during the

post-closure period.

Construction Test Plans And Procedures

A. DOE states that test and inspection procedures used during excavation
will be tailored to be compatible with the "blind-hole" drilling
method. DOE has identified requirements to ensure that shaft

!
diameter and vertica]{& are maintained, stratigraphic information
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required for verification of design is obtained, and that loss zones
are identified. NRC is in basic agreement}that both direct and
nondirect inspection and test techniques compatible with the
"blind-hole" drilling method are available to verify with sufficient
precision shaft diameter and verticalﬁ&. However, NRC harbors
considerable doubt that sufﬁcientlgy [?recise strat‘ngra[/)_f:\cm/@tbw
information can be obtained using the methods identified by DOE,as
compatible with "blind hole" drilling for verification of shaft and
sealing design parameters. In particular, NRC has considerable doubt
about the precision of the visual inspection of drill cuttings
testing for confirmation of formation composition or for conformation
of anticipated performance even when supplemented with the other
drilling data identified by DOE. NRC recommends that DOE consider
alternate wajfof obtaining stratigraphic information including
hydraulic conductivities, rock mass strength and characteristics of

anomalies which may exist and document the consideration together

with an analysis of advantages and disadvanatages of each approach.

B. DOE states that since the steel liner is designed to take the
structural loads, the mechanical properties of the cement grout are
not significant. Although NRC agrees that the liner can be designed

to take the standard loads, NRC nevertheless considers it essential
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that the cement possess adequate strength to resist failure induced l>y’
both static and dynamic loading conditions as failure of the cement
could provide a path for water to flow. If any pipes are embedded in
this grout, the problem becomes even more acute, since these act as

stress raisers. (Jeffrey, 1980)

NRC also requeséfthat DOE provide additional informtion regarding the
1on§-term performance capabilities of the CSR materials. NRC
recognizes the proprietary nature of the chemical, but nevertheless
would appreciate all relevant data. We suggest that DOE consider
placement of the manual long-term CSRs at several horizons, and not

only near the bottom of the shaft above the reposiofry horizon.

C. An explanation should be included to show what remedial action DOE

contemplates if the bond logs reveal a Tow density cement.

D. DOE states that a Quality Assurance Program Plan and Manuals will
identify management system requirements to satisfy anticipated
licensing documentation needs, i.e., ANSI/ASME NOA-1. DOE also
states that procedures will be progressively developed as definitive
information becomes available by design documents and by site

selection,
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The NRC staff state that a description of the quality assurance
program to be applied to the design, fabrication, construction, and
testing should satisfy 10 CFR, Part 50, Appendix B as applicable.
That should include information pertaining to the managerial and

administrative controls to be used.

V. Plans and Procedures for Gathering Specific Information Related to Site

Characterization

DOE states that it is their intention to obtain equivalent geologic
information from sources other than the shafts. However no specific
4ﬂ¥6;:::;9ﬁ is presented. The NRC staff request that DOE provide
information as to what sources are to be used and how the information is
f/’;;—;;—;;;;;;;ETEkThe}NRC considers it desirable for DOE to obtain a full
suite of conventional logs from the ES prior to floating in the liner
because drill penetration rates and cuttings provide only limited
information. It would be desirable to obtain very specific information as

to what other sources will be used to obtain this information, for

example:

The contmuvity 6F strala tonditdns }4’M/ha. toploce
may orwméy pot be reliable —&noug/\ bo establ)ish

dond rZivns 2t vmtested critival lecalities,
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VI.

- 13 -

° Rock Characterization of shaft walls (e.g. disturbed zone

permeability$ vertical'joinf spacing, frequency, continuity, a~o(

apeQ;%;;é)._ ’ﬁifr

° Groundwater Inflow

o Losattn and Lond iEien z;ﬁl:;1sfgnjvnt441$5.

° Shaft Shape

0 Unerpected Conditroms
It is also recommended that DOE consider developing procedures for
gathering data related to the cépability of the site to accept the

proposed grout and to the method for placing grout for sealing.

Quality Assurance (QA)

DOE identifies the line of responsibility for implementing QA
procedures down to and including the Construction Manager. DOE also

identified the procedures to be used.

The NRC staff has identified some special quality assurance problems when

blind drilling technique is used for the shaft construction and sealing:
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° Any voids in the grout behind the shaft lining need to be detected,
their effect on the shaft and seal integrity assessed, and remedial
action taken. DOE states that "very large" voids will be treated
remedially. The NRC staff is concerned that remedial methods should

ﬁ describeé how to positively locate any voids behind the steel

lining and how to adequately seal them.

Information is needed on what performance assessment techniques will
be used to ascertain the void size below which no remedial action is

required.

° Remedial action if shaft diameter is not maintained during

construction should be described.

° The NRC staff is concerned about the potential for mud contamination
of the ghaft walls, surrounding rock mass and mud contamination of
the éement grout. The drilling mud can affect the quality of bondage
between the cement grout and the rock of the shaft walls. The mud
can fill the voids in the surrounding rock and prevent an adequate
seal by cement grout. Also any contamination of the cement grout by
the drilling fluids will decrease the strength and other important

qualities of the sealing grout. It is requested that DOE provide a
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description of methods hew to conErol this problem and what remedial

actmn is proposed. The NRC s afso cww“‘ém
srilon ¢/, Zze,és mmw sealnq &
A discussion of the Geotechnical Quality Contro] Program for the design
and construction phases of the exploratory shaft construction and sealing
should be presented in the Quality Assurar-2 Program. Areas to be
addressed should inc]ude{ﬁ the 18 criteria of Appendix B, Part 50.
Emphasis should be placed on identifying the geotechnical engineering
parameters that are significant in design, identifying items to be
controlled during construction, methods of testing and frequency of
testing, verification efforts to insure that the design site
characteristics and soil and rock engineering properties are met or
exceeded during the construction phase; and timeliness of corrective

actions as appropriate.
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