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ROTICE TO READERS

© At the request of the Salt Repository Project Office, Argonne National
Laboratory carried out & reviex of & report entitied *Schematic Desipns for
the Penetration Sezls for a Repository in the Permian Bastn.®® Argonne was

. asked to consider the assumntions, the interpretation of dats, the adequacy of
materials, the future activities, the behavior of crushed salt ané the sealing
design in general. It wes our hope that the review panel might {dentify any
deficiencies {n material properties or in the designs that may been present.

The review report prepared by the Argonne panel has been given to OMNI for
their considerstion and for transmittal to D'Appolonis.

EIY el

R. €. Wunderlich

Acting Chief .
Engineering and Techrology
Salt Repository Project Office

*A microfiche copy of the reviewed report is attached to the inside back cover
of this report, ‘




FOREWORD

Documents are being submitted to the Salt Repository Project Office (ERPO) of
the U.S. Department of Energy (DOE) by Battelle Memorial institute's Office of Nuclear
Waste isolation, by D'Appolonia Consulting Engineers, inc., and by other contractors to
satisfy - milestones of the Salt Repository Project of the Civilian Radiosctive Waste
Management Program. Some of these documents are being reviewed by multidisclplinary
groups of peers to ensure DOE of their adequacy and eredibility. Adequacy of Gocuments
refers to their ability to meet the standards of the U.S. Nuelear Regulatory Commission,
as enunciated In 10 CFR Part 80, and the reguirements of the Nationa! Environmental
Policy Act and the Nuclear Waste Policy Act of 1882. Credibility of documents refers to
the validity of the assumptions, methods, and conclmloty well as to the completeness
of coverage.

Since late 1982, Argonne Nationa! Laboratory has been under contract to DOE to
co~duct multidisciplinary peer reviews of program plans and reports covering research
and development activities related to siting and constructing & mined repository In salt
for high-level radioactive waste. The present report summarizes Argonne's review of &
September 1883 draft report by D'Appolonia Consulting Engineers, Inc., entitled
Schematic Designs for Penetration Seals for a Repository in the Permion Basin.

Argbnne wat requested by DOE to review the report on Mareh €, 1634 (see App.

A). The review procedure involved obtaining written comments on the report from two
extramural and four Argonne experts in relevant research greas. The peer review pene!l
met st Argonne on April {, 1984, and reviewer comments were integrated into this report
by the review gession chairman, with the assistance of Argonne's core peer review stafl.
All of the peer review panelists concurred in the way in which thelr comments were
represented in this report (see App. B), & draf? of which was sent to SRPO on April 13,
1984.
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BUMNMARY OF RECOMKENDATIONE

S

T p

: The following recommendations for improving the D'Appolonis Consulting
Engineers, Inc., report entitled Schematic Designs for Penetration Seals for a Repository
in the Permion Basin have been abstracted from the body of this report. The authors of
the reviewed report should: of

=S

S,

1. State the major assumptions of the study in Bec. 1.1 ratner than
later in the report.

2. Consider using salt for the shaft seals in salt horizons. g
3. Reconsider whether keys are needed for the bulkheads. i

4. Provide for interface grouting. Use of expansive cement will not
guarantee that interfaces will be impermeable.

§. Discuss the sesling schedule and, where sppropriate, consider
whet needs to be done to ensure that emplaced radioactive waste
could be retrieved if necessary, '

, _ 6. Describe in more detail the sealing of the Dockum and Ogallale
aquifers.

7. Consider an "ass low as reasonably achievable™ approach to .
performance requirements for the initial design phase.

. 8. Address the concerns in the 1883 U.S. Nuclear Regulatory Com- A
mission document entitled Draft Technical Position: Borehole b
" and Shaft Sealing of High-Lcvel Nuclear Waste Repositories.

3 aOgenai

8. Cite the requirements for release of radioactivity by referring to
gspecific clauses in the regulations of the U.S. Environmental
Protection Agency. ‘

ot diany

L2 3

10. Provide further explanation in the outline of future activities 3
gbout materials development and verificetion testing., More
emphasis on development of accelerated testing programs is also Y
required. b




1 INTRODUCTIOK

The report preparec by D'Appolonia Consulting Engineers, Inc., for the Office of
Nuclear Waste Isolation (ONWI) entitied Schematic Designs for Penetration Seals for @
Repository in the Permian Basin references schematic sea! designs for & repository In
bedded salt to the stratigraphy of the Permian Basin in the Texas Panhandle. The peer
review of the D'Appolonia report conducted by Argonne National Laboratory involved
obtaining written critiques of the report from two eztramural and four Argonne experts
in relevant research areas. A core group of four Argonne panelists met on April €, 1984,
to review and discuss all of the written comments, after which the review session
chairman drafted the present report. Panelists ¢i¢ not contact ONWI or D'Appolonia
personnel, and none of the panelists have been involvad in any programs sponsored by the
U.S. Department of Energy (DOE) or directed by ONWI such that their participstion in
the review process could be construed as ¢ conflict of toterest.

No specific guidance was provided to Argonne bx DOE on how to conduct the
review. iowever, DOE did ask that the panelists respond to the following questions and
request for comment {see App. A).

1. Are D'Appolonis's assumptions and the limitations of its analysis
sdequately ané cleerly stated?

Is the technical interpretation of the dats presented correct?

Do the materials recommended {or seals and backfill meet the
performance requirement?

Are the future sctivities outlined in the report sppropriate for
meeting the objectives of the sealing program?

Comment on the sealing design and the consolidation behavior of
crushed salt.




¢ GENERAL COMEENTE

2.1 ASSUMPTIONS AND LIMITATIONS

The assumptions made by D'Appolonie and the limitations of its analysis are for
the most part adequately and clearly stated in the report. The overall approach for
developing seal designs is discussed in Bec. 1.3, with the specilic elements of the
epproach listed on page 5. As discussed in Bec. 1.¢, the performance requirements for
the seals have been divided into design goals and design bases. Design goals are defined
as "statements of the overe!l required performance.” Design bases are "the qualitative
limits on performance of various aspects of & seal system, specified such that if these
bases are met the design goa! will be met automatically.*

The assumed reference conditions are given in Bec. £.0. The assumed repository
layout described in Sec. 2.1 is based on Stearns-Roger (1923) conceptual designs for e
repository in bedded salt in the Permian Basin. The sssumed site geology glven in Sec.
2.4 is based on Stone and Webster (1982). The assumed physical, mechanical, and therms!
properties of the host rocks are discussed in Sec. 3.3, and the assumed in situ stresses and
temperatures are given in bee. 2.4. The report mentions that hydrostatic conditions ere
assumed for the salt dbut that the stresses in nonsalt rocks are unknown. The assumptions
for the crushed salt consolidation analysic and the limitations of that anslysis are given
in Sec. A.6.1. I these assumptions have been idealized, the authors have been eareful to
point It out. -

Nonetheless, the report would be Improved by listing the major assumptions in
Sec. 1.1 and changing the section title to "Objectives, Scope, and Assumptions.” Some of
the mejor assumptions to be included in Sec. 1.1 are:

1. The repository layout described in Sec. 2.1 is from Steamé-Roger
(1983).

The stratigraphy as presented In Bec. 2.2 Is from Stone and
Webster (1982).

Retrievability needs to be considered only with respect to panel
bulkheads and backfilling the storage roums.

Mining should be carried out so as to minimize damage to the
surrounding rock.

2.2 TECHNICAL SOUNDNESS

Although the material presented in the report is for the most part technicsally
sound, severe) technical issues requiring further attention are discussed in Sec. 3 of this
report. More generslly, penelists wished to emphasize that severa!l aspects of salt
behavior are rether controversial. One of the more controversial of these is the rate of
lime-dependent deformetion sround mine openings. Some researchers, notably Baar




(1877) end Mraz (1878), erc of the opinion that creep prediction models bered on

laboretory experiments mey yield misleading results. However, others rely heavily or

iaboretory dats. The authors of the D'Appolonie report used laboratory-basec dats
generated by RE/BPEC, Inc. (Pleifie et al., 1983), but-state that there is “uncertainty in

" predicting long-term room closure rates® (p. 33). They also indicate that further analyses
‘will be required to confirm thelr assumptions. Although such anslyses mey be helpful,
fina! confirmeation will be possidte only when the repository has been constructed and in
sjtu behavior has been monitored for e period of time,

2.3 RMANCE REQUIREMENTE

Performance requirements are not explicitly spelled out In the report, &
deficiency thet ghould be remedied. Section 1.4 (Performance Requirements) discusses
the terminology ané concepts to be used in the design process. trom this discussion, the
term “design goa!™ (p. §) appears to be equivalent to "performance requirement.” These
topics should be presented more clearly.

The "overall design goal! for penetration seals™ Is defined In terms of U.S.
.. ,E:nvlronment.l Protection Agency (EPA) limits, that is, the "maximum allowable release
* from the site as & whole.® The report states on page § that “the total allowable site
release -allotted to the sea! system should be In the range of § te 10 percent.® This
srgument has two weaknesses. First, the dasis for selecting this range is not stated,
_except to say that the range is "an order of magnitude less than the maximum acceptadble
~repository releese™ (p. 6). Although this approsch appears intultively logical for the
schematic -design phase, it Is sudject to criticism for being subjective. If possible,
supporting arguments for this selection criterion should be expanded ané the numerica!
EPA standards or limits should be presented. Second, at this stage of the design process,
it iz not clear how to objectively and quantitatively evaluate the performance of the
schematic seal designs in terms of the overall design goal or in terms of the qualitative
‘performance requirements conteined in 10 CFR Part 60 (U.S. Nuclear Regulatory
Commission, 1983a). In fect, there mey not be an absolute technical requirement for
sush evsluation gt this schematic design stage. However, without such evaluation, the
panelists -could not judge the ability of the materials or design to meet the stated
performance reguirement.

At this stage, it might be better tr approach this problem from the "as low as
reasonably achievable® (ALARA) perspective and defer quantitative expression of
performance until additiona! site-specific date and detailed repository design information
are available. In eny case, this portion of the design and evalustion process will be
subject to eriticism because of the uncertainties surrounding the problem.

2.4 FUTURE ACTIVITIES

Section 4.0 (Future Activities) seems particularly well thought out and should
provide the basic fremework for successful completion of the entire penetration see!
program. However, more detaiis could be provided for such topics as salt consolidation

-y oo




snd fracture hesling (item & on page 80), moterials development, verification testing, and
sccelereted testing.,

Panelists questioned whether existing schedules for Geveloping penetration seals
(e.g., helsall et al., 1982) ullow sufficient time for the variows activities deseribed in
Sec. 4.0. Also, severeal of the subsections in App. A refer to sdditions! work that may be
difficult or impossible to accomplish within the limited time gvallable.

&
25 8r%L DESIGNS

A Some of the schematic designs presented in the report incorporate relatively
complicated concepts and designs, and it is not odvious that such designs are superior to
simpler ones. This high level of complexity could result in unnecessary developmenta!
work and excessive costs. It may also complicate verification of emplacement and
evelustion of subsequent performance. The design of borehole seals and the use of
extensive keyways are discussed further in Sec. 3 of this report.,

1.6 CONSOLIDATIOK BEHAVIOR OF CRUSHED SALT

The state of knowiedge is rather primitive with respect to the consolidation
behavior of crushed salt. A relatively extensive laboratory program to explore creep
consolidation will probably be needed. The presence of brine anéd Its response to
temperaturc gradients will likely be emphasized. However, as discussed in Bec. 2.2 of
this report, It is difficult to replicate in situ loading conditions in the laboratory.
Nonetheless, predictions of salt behavior based on the results of laboratory tests may
provide & rough estimate of actual deformation.




3 SPECIFIC TECHNICAL ISSUES

Whereas the mejority of the review panelists considered most of the D'Appolonis
report to be technically sound, panelists occasionslly disagreed with the authors on ¢
technica! point or felt that certain topices should be discussed &t greater lenSth. The
more important of these problem areas are:

e Excluding salt from shalt sealing concepts,
¢ Keys for bulkheads,

Borehole seal designs,

Cementitious materials,

Stratigraphy,

Seealing schedule and retrievabllity, and

Seeling of the Dockum Group end Ogallale Formation.

3‘.1 EXCLUDING SALT FROX SHAFT SEALING CONCEPTS

According 1o the report, salt or salt-based materials are not suitadle for sealing
the shafts (pp. 85, 41, and 54) because of possible contact with freshwater and subsequent
dissolution. (\G&Slists disagreed and recommended that salt not be excluded from shaft
sealing concepfh’” at this stage of the design process. In fact, salt may be the most
approprieisffnedium, particularly in the lower portions of the shaft. Because cost is
given g% factor in the choice of see] materials (p. 36), It should be noted that the cost
of g« blocks may be much less than the cost of cementi-based seals.

No given or referenced analysis M‘ates that groundwater will reach the
" lower portion of the shaft in sufficient quantity to dissolve emplaced salt before it can
reconsolidate. Actually, current plans call for sealing the shaft in the vicinity of the
aquifers so that flow is kept “as low as is reaspnably and economically feasible® (p. 12).
By not using any salt in the shaft, the prineipf of "using salt as the major seal material
and by relying on creep closure to seal the penetrations by consolidating and recrystal-
. lizing the salt” (p. 12) is violated, and the sealed shaft becomes an snomalous (i.e.,
chemicelly end mechanically unmatcl.ed) conduit between the aquifers and the
repository. If the nonsalt seals fail with time, water will most likely infiltrate the
repository horizon.

On the other hand, if salt placed in the lower portions of the shaft reconsolidates
into 8 mass with properties comparable to undisturbed salt, the repository horizon will be
isolated from the water sources sbove by intect salt. This configuration seems more
desirable, 8s the premise for emgplacing waste in salt beds is that salt will provide




t

long-term stability and exclusion of wster. Further, “the effective consolidetion of
crushed salt might relax the required longevity of other seal components [from at least
10,000 years} to 1000 years or less" (p. 85). Proving that sea! components will be
effective over ¢ period of 10,000 yeers is technically much more difficutt.

If the emplaced salt reconsolidates into essentially Intact salt, any “evidence™ of
the shaft below this point would be lost. [f freshwater eventually migrates down the
sealed shaft, & dissolution front would proceed spherically from the point at wh - n intact
salt is encountered. 1if salt is not used for sealing the shaft, this point would be at the
repository horizon; if salt Is used, this point would be above the repository horizon,
thereby providing additiona! isolation of the radioactive waste from water.

Analyses of stress buildup In bulkhesds at the base of the shaft indicate that
because the “radia) stress teaches §0% of the initia! in situ stress in less than 1 to §
years|,)...1t can be reasonably concluded that any fractures in the salt adjacent to the
penetration should be at least significantly closed if not totally healed at this levei®
{(p. A-34). The report also states that "the joints between the bricks, and between the
bricks and the penetration wall, should heal forming an homogeneous tass Indistinguish-
able from undisturbed salt® (p. 53). Because the sealing concepts presented for the upper
portions of the shaft where water iz present should result in low flows for at least five
yeers, there should be sufficient time for the salt blocks to form & mass indistinguishable
from undisturbed salt. '

In summary, untht more Is known about materisl properties, costs, and water fiow
through the ghaft, excluding salt {rom consideration for shaft seals is not defensible end

certainly not dictated by the concepts presented in the report.

T

3.2 EEYS POR BULEHEADS o

The report states that "bulkheads will be keyed into the walls of the shafts and

- tunnels in order to intersect the interface and part of the disturbed zone, and to provide

additional ghear resistance® (p. §1). This idez it based on standard practice in

- -constructing dams or bulkheads for water control, where stoppings are keyed into the

host rock to provide shear resistance and to lengthen the pathway for seepage water.

Mine ventilation stoppings, on the other hand, are constructed to fill the opening but are

rarely keyed in. Thus, while some keying may be necessary, always requiring keys may

be neither necessary nor desirable. Before keys are incorporated into any design, there -
should be proof that the advantages outweigh the disadvantages.

_ Constructing keyways does not eliminate the interfaces between the rock and
seal. Also, although & keyway will lengthen the flow path along the interface, the
increase may well be insignificant. If disturbed zones are present, excavation of &
keyway may merely extend the disturbed zone. In fact, If the disturbed gone is
proportional to the radius of the excavation as suggested on pages §1-52, keyways will
result in larger volumes of disturbed rock. There Is no evidence that the disturbed zone
will be reduced if excavation immediately precedes bulkhead emplacement. As more
than half of the disturbed zone results from stress relief “regardiess of the excavation
method used” (p. §2), it is not clear how "low-energy excevation methods" (p. §2) will
result in ¢ Jess extensive disturbed zone.




The need for additions] ghear resistance is not obvious, as fills tend to trensfer
vertical loeds to the surrounding host rock and meay not require substential support
(Nsationa! Coal Board, 13£2). Cylindrical plugs in both laboratory ang field studies have
exhibited strony resistance to shear stresses (Gulick et al., 1980; Stormont and Daemen,
1983). Further, keys mey induce unfavorable stress concentretions in the rock near the
lvaded plug end.

In summery, keys wil'! not only be expensive, but they may be difficult and
dangerous to construct, especially In the shafts. Because careful investigation will be
required to demonstrate thet keys are necessary, they should be considered, but not
mandated, in the report.

$.8 BOREHOLE SEAL DESIONS

. The proposed borehole sealing design outlined in 10 steps on page 76 will
undoubtedly be subject to stringent quality assurance requirements. On the basis of one
panelist's experience with ¢ borehole plugging operation performed under strict quality
assurance control, the panel believes that the gpecified procedures are going to result in
& very difficult and costly operation. -In particuler, in-place compaction of clay and
carefully cleaned borehole walls may not be practical! because of variations in borehole
size end shape caused by washouts.

Tinjess the need for such o relatively elaborste plugging system can be
demonstrated, & gimpler operation would make more sense. The suthors actualiy state
"that 10¢ m of open hole should be enough to form “an adequate plug” (p. 7¢). They slsc
* state that “with prudent repository siting and exploration practices, there should be few,
~ if any, boreholes connecting the ground surfece and the repository that ere not
coincident with ¢ shaft location or contained within a pillar of undisturbed rock® (p. 71).
Therefore, it is imprudent to sdvance & design that will be costly and difficult to
develop, emplace, and verify, unicss absolutely necessary.

3.4 CEMENTITIOUE MATERIALS
The report states that concretes developed from BCT-1F and BCT-1FF grouts

~ will be "relstively stiff” (p. 45). If this statement means stiff relative to the host rock, It

Is not correct. The elastic moduli are essentially the same for these grouts and rock salt
{Gulick et al., 1980).

The next paragraph on page 45 states & need to develop a “low-modulus,
fracture-resictant concrete (or grout)." - The argument appears to be that ereep closure
of the salt adjacent to & "rigid" bulkhead will result in stresses large enough to fracture
the bulkhead. This conclusion is contradicted by the autdors' own analysis. Figure A-8
shows that radial pressure buildup on & concrete bulkhead will approach lithostatic
pressure, sbout 2400 psi. Yet, the BCT-1T and BCT-1FF grouts have unconfined
compressive strengths on the order of 7,000-1C,000 psi (Gulick et al., 1980). Also, it is
not clear how development of & concrete that would "creep in response to stress” (p. 45)
would be beneficial, &s known creep retes of concretes are much less than those of salt.
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3.5 STRATIGEAPHY

The general stratigraphy of the Upper Permian section in the Palo Duro Basin in
Des! Smith and Swisher counties Is adequately deseribed for the repcrt's purposes. Also,
Fig. 2-2 is adequate as e generalized stratigraphic section. However, one important
problem is that the thick salt unit of Lower Ban Andrez (LSA) Unlt § does not meet the
minimum thickness requirement. A< shown on an isopach map of LSA Unit 6, this unit
meets the old 75-ft criterion in Deef Smith County, but not the revised 125-ft minimum
(Office of Nuclear Waste Isolation, 1983s, p. §2; 1983b, pp. €2 and 6G). A revised
working draft of the report that screens from preferred locations to preferred sites does
not consider the LSA Unit § salt as & potentisl repository horizon (Office of Nuclear
Waste Isolation, 1984, p. 12). Isopech mapz of LSA Unit & salt indicate that the thickness
dats presented In lines 7-¢ on page 18 of the D'Appolonis report are misleading and
apparently refer to the entire LSA Unit §, which includes anhydrite or dolomite, shale,
}imestone, and salt strata (Office of Nuclear Waste Isolation, 1983a, Fig. ¢-5, p. 10;
1983b, Fig. §-2D, p. 66€).

It is an oversimplification to describe the Dockum Group and Ogallsls Formation
in one sentence (p. 18). The Dockum is & well-lithified rock unit, which is water-besring
in parts, whereas the Ogallals Formetion consists principally of loocse to well-cemented
sands and gravels.

Finally, why do the authors refer to wells in Dea! 8mith County when discussing
& potential repository in the LSA Unit ¢ salt in Swisher County (p. 20)? Dtz from DOE
borings in Bwisher County are available ang should be used for such analyses.

3.6 SBEALING SCHEDULE AND RETRIEVABILITY

One wstated assumption of the report {3 that the USS. Nuclear Regulatory
Commission (NRC) will sllow DOE to close the repository before placement of the seels
begins. However, storage rooms will likely be backfilled and panel bulkheads will
probably be emplaced during the operational period. And, performance objectives for the
operational period require that the option of retrievablility be maintained (U.S. Nuclear
Regulstory Commission, 1983, 10 CFR €0.111[(b]). This eequirement is not mentioned in
the report and Is alluded to only once in the appendix. A section in the Introduction
should discuss the sealing schedule, including the need for retrievabdliity.

" 3.9 BEALING THE DOCKUM GROUP AND THE OGALLALA FORMATION

Because the Ogallala Formation and Dockum Group are important aquifers,
impermeable ghaft linings wili extend below these strats. Furthermore, it s likely that
chemical sea! rings will be placed in the shaft linings so that these aquifers will be
completely isolated. Experience with chemical sea! rings is insufficient to guarantee
their long-term efficacy, but they are well proven as short-term seals in several potash
mine shafts. In our opinion, it would be extremely imprudent to remove the shaft lining
during the ghaft sealing process. Also, s pointed out in the report, freezing of & ring of
ground surrounding the shaft would be required -- & costly end time-consuming process.




3.t INTERFACE GROUTIRG

The report states thet grouting the interface between bulkheads and the country
rock will not be required because expensive concreter will be vsed (pp. 62 anc €7). Yet,
at the same time, interface fiow is identified as & primary concern (pp. §5 and 69) with
regard to bulkhead performance. Successful bulkhead emplacements at the Nevada Test

- Site and in deep South African gold mines have shown that interface grouting may be the
single most effective way to reduce overall fiow (QGarrett and Campbell-Pitt, 1658,
1961). Further, interface grouting may reduce the concern about tensile stresses at the
rock/seal interface (Daemen et al., 1983). Interface grouting should be identified In the
report as a probable treatment.

3.9 DISTURBED ZONE

It statez on page 61 that “the disturbed sone may consist of & destressed gone
~ extending severa! radii from the shaft or tunne! wall in which permeability may be
-+ increased due to loosening of the crysta! structure.” This speculative statement should
be strongly qualified as far as its imnlication of incressed permeabllity extending so far
into the rock. Evidence suggests tha: sampling effects (eg., drilling core) make it
“difficult for laboratory measurements of permeabllity to predict & stress-permeabllity
‘relationship in situ (Cooley and Butters, 197¢; Sutherland and Cave, 1£78).

in addition, the report repeatedly mentions blast-induced damege. Yet, It states
on page 13 that “gll excavation will be by means of continuous miners or roadhesder-type
tunnel boring machines. While this statement does not refer to the shafts, the
‘possibility exists that they will also be drilled. However, it is prudent to include the
possibility of blast-induced damage, provided that the extent of the disturbed zone
around the shafts is ciearly the subject.

3.10 NUMBER OF BULEKHEADS IN THE SHAPT
"Seven bulkheads {for the shaft sealing system] are sufficient to provide both &

cost-efficient reduction in system permeability and some redundancy in the event that

~some of the bulkheads may not perform to specification” (p. €7). No basis is giver for
this statement.

.11 DENSE STRUCTURAL BACEFILL

"A dense structural backfill is located immediately above and below each
butkhead...to absorb or deflect stresses away from the bulkhead proper” (p. €7). Yet,
elsewhere in the report the suthors give the advantages of stress buildup associated with
the bulkheads (p. $1 and App. A). These contradictory positions need to be resolved.
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3.12 CRUSHED SALT CONBOLIDATIOK ARALYSIS

The authors took great care to identify the assumptions end limitations of the
' crushed salt consolidstion analysis. The nature and number of those assumptions and
limitations, however, call into question the relevancy of the analysis. The analysis would
be much more useful once further laboratory work sddresses some of the fundamental
uncertainties, such as the creep rate for crushed salt undergoing consolidation. Until
thet time, the degree of uncertainty sssociated with the analysis severely limits its
application. However, App. A should remain in the report but with the revisions detalied
" in'Sec. § of this report.

'3.13 PREDICTION OF CREEP RATE

. Equations A-S and A-6 on pages A-17 and A-16, respectively, are not adaquate
for modeling the closure rate In underground openings in ¢ repository in salt becsuse the
assumptions made in deriving these equations are not In accord with expected repository
conditions. These assumptions, most of which are not stated in the report, can be
commented upon as follows:

1. Only steady-state creep Is considered, even though temperature
and stress conditions will be changing throughout the time period
considered.

2. ‘l‘be assumed circular sh.ape of the model opening is not adequate
for noncircular storage rooms, haulageways, and other repository -
openings.

3. More detsiled therma! analysis studies have shown that tempers-
ture gradients, which are assumed to be Irrelevant In these
equations, are significant.

‘4. Because this analysis assumes & single opening in an infinite
medium, the influence of adjacent openings is ignored.

- As stated on pege #-18, variations have been observed in laboratory-determined
values of steady-state creep parameters for salts from different locations. This
‘observation does not mean, however, that similar variations will be observed in the
values for salt samples from any perticulsr site. Furthcrmore, the observed variability
does not mean that the best available methods of analysis should not be used.



¢ REGULATORY IBSUES

The schematic detign, as presented, appears to de logically directed toward the
overall content of 10 CFR 60 (U.5. Nuclear Regulatory Commission, 1983a), including the
required criteria for shaft and borehole seals (Sec. 60.13¢ [s]) and their materials and
placement methods (Sec. 60.134 [b]). However, the overall trestment of NRC regulations

"and guidance should be expanded, even though some aspects of 10 CFR 6C have been
specifically addressed (p. 72).

Although the difficulty in evaluating compliance at the schematic design stage
was noted in Sec. 2.3 of this report, the applicadble regulations should stil! be stated
explicitly, including the relevant sections of both 10 CFR &0 and 40 CFR 191 (UK
Environmental Protection Agency, 1984). Magnitudes speecified in the eegulations for
limits on radioactive releases should also be given.

More specifically, the design should be explicitly compared to and evslusted for
compliance with the guldance presented in U.E. Nuclear Regulatory Commission (1983b}.
It appears that the majority of the guidance and requirements of NRC are addressed,
_ either directly or Indirectly, by the schematic design and proposed future activitles
contained in the report. However, an additiona! section or a subsection for Inclusion in
Sec. ¢ could explicitly present the major requirements, lssues, and guidance &
formulated by NRC and the particular activities within the seal Gesign program that will
satisty each of them. This information should be summarized In tabular form (cf. Table
€-1) so that gaps in date and design requirements could bz readily lIdentified and
obvisted. This form of presentation would illustrate how program activities are directed
toward providing NRC with the information necessary to evaluate the adequacy of the
design for licensing.
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§ PAGE-BY-PAGE COMMEKTARY

Comment
insert the word “conceptua!™ before the word “designs.*

This sentence should be revised to read: *maximum allowsble
groundwater fiow end minimum allowsble groundwater travel
time through the seals...” The minlmuz groundwater travel
time from the repository to the accessible environment is
stipulated in 10 CFR 6C.123(0)2Xiv).

This sentence would be clearer If it were worded: *For
example, It is oot logica! to design ¢ sea! system that is
significantly *~ss permeable than the host roek.”

This sentence implies that the backfill wili not have com-
pacted over the time period, that Is, that 1t will remain highty

porous.

The suthors are to be commenGed for stating the uncertainty
in predicting “iong-term room closure rates” and relating
those uncertainties to the variabllity in test dats resulting
from laborotory tests designed to measure creep properties.

The authors also reeognlu that consolidation and recrystal-
lization of the sait backfill, and the time required for them to
take place, are contentlous Issues. ‘

Basr (1977) claims that salt ls essentially impermeable below
& depth of about 1000 ft.

How was the sample loaded - hydrostatically or trisxially?

Intuitively, consolidation should be slower at the corners of
the room; however, the rate will depend on the magnitude of
the stress difference as compared with that st adjacent
locations. ‘

The authors should explain that the creep rate will depend on
the temperature and that the temperature is higher near the
radioactive waste canisters.

Although rether controversial, the effects of the presance of
brine and of brine migration need to be considered.

g




gy . .
TN g yingo e ¢ -

Pare(s)

Line(s)

42

42

64-65

€5

1-€

32-37
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12-18

16-32; 1-2

13-18

Comment

Sealing boreholes with cementitious materizls Is also well
establigshed in the mining industry.

Research into sealing is also taking place at the University of
Arizons.

The interface between the concrete and the host rock is very
important. Testing at the University of Arizons indicates
that, even with an expansive cement, shrinkage can occur
upon curing and drying. Such shrinkage could result in a
pathway along this interfece.

References should be provided for the various curves in Fig.
3-1. Also, the two curves labeled ‘smectlte" should be
lzbeled *montmoriilonite.”

"Smectite® is & generic term for swelling clays. This
sentence should conclude with: “..small proportions of
montmorillonite or by larger proportions of lllite.®

This concern has aiso been expressed by NRC. Furthermore,
the Interface between the host rock and the ses! material
could serve as a preferred pathway.

A reference is required for the densities possible with
pneumatic stowing. What was the assumed moisture content
of the backfill?

Why would crushed salt be used for & bulkhead?

These two paragraphs presumably refer to the earth fill
although it isn*t es clear as it should be.

Because the Ogallele and Dockum units sre aquifers, the
lining of the ghaft through them wiil likely be designed to be
relatively impermeable and resistent to corrosion. The type
of lining used will also depend on the method used to
construct the shaft. [If the lining were to be removed,
freezing would definitely be required..

This sentence should be revised to read: "...there is &
diminishing return in Including additional low-permeability
components in & shaft sesl system whose ses] components act
in serieg.™




77-18

25-33; 1-§

Comment

The polymer referred to Is presumably the Dowell Chemica!
Seal Ring (CSR)™ or ¢ similsr formulation. Such seals have
been in use for about 20 years.

if possible, accelerated tests should be devised to evaluate
the durability under expected repository conditions of various
candidate materials.

Ceviation of Screholes can be controlled by careful drilling,
frequent hole surveys, and redirection.

This discussion assumes that conventional methods of sinking
shafts will be used. At the Waste lsolation Pilot Pisnt at
Carisbad, F.K., current practice is to drill ¢ pilot hole and
then siash by conventiona! drili-and-blast methods.

It is not true that horizontal holes can't be sealed adeguately.
The more important problem s to keep long borizontal holes
from deviating, although the US. Bureau of Kines has had
some success with this in coa! mines. In any esse, the holes
should be kept relatively short.

This discussion doesn't indicete that horizontal holes can't be
grouted -— only that considersble care is required. This
position iz spparently contradicted by the statement on page
73, lines 15-2C.

The third bullet is especially important.
The scceptability of such relaxstion remains to be proven,

elthough such & change in the requirements would seem
logical.

Accelerated tests are definitely necessary.

This sentence should be deleted — a generic test (nellity is no
longer planned.

The definition of mean stress (cm T oy +0g ¢ oa) conflicts
with that given in Fig. A-1.

The information presented on the strength tests is insuffi-
cient. To evaluate the tes's, readers need detsils on
tempersture, stress and/or strain rates, sample size, grain
size distribution,-etc.




Page(s)

Line(s)

A-12; A-14

A-14

A-16-A-17

A-17

A-17

A-1¢

€-36; 1-6

Comment

Greater correspondence is needed between the description of
the anslysiz in the text and the flowehart on page A-13. The
boxes in the fiowchart should have the same oumbering-
syster. as in the text.

The authors should justify thelr selection of time steps of one
year.

Several assumptiuns In Sec. A.¢ have not been stated. For
example, are all of the Infinite strip sources turned on
simultaneously? Also, the locations st which temperatures
are overestimated are not given. This type of analysls
underestimates the temperature at the wall of Gl emplace-
ment hole.

Is neglecting the heat loading from transuranic waste
justifiable?

What sessumptions are implicit in Eq. A-§? Is this & plane-
strein moadel? Has incompressible fiow been assumed?

Some practitioners, especially Baar (1877) and Mraz (1927€),

have found that using laboratory data to predict ereep closure
can give very misleading results, mainly because of the
difference in loading conditions and resultant behavior. The
only truly reliable means of determining ereep behavior is to
monitor closure underground in a full-scale repository.
However, laboratory-derived values can be used in an anslysis
program to provide g first rough estimate.

In Teble A-3, what is the temperature range for the given
activation energies?

The effects of neglecting the transient response that results
from changing the stress during a creep test should be
discussed.

Why is the notation used for the bulk modutus different from
that used in Eq. A-2 on page A-S.

What is the source of Eq. A-8?
If the backfill is dry, It is possible to use pneumatic stowing

techniques to achieve initial densities of up to 3% of the
density before excavation.




Pape(s)
A-2¢

A-25

A-29

Line(s)

Comment

An additional implicit essumption is that the backfiil will be
homogeneously placed and will respond uniformly.

Temperature gradients have been shown to be significant in
more detalled analyses.

Although the conclusions appear realistic, not allowing for
the presence of brine is & deficiency. The behavior ¢f brine
inclusions is & rather controversial subject. Furiher research
is needed.

If the storage room were backfilled during the 50-yeyr
retrievablility period (10 CFR 60.111[b]), compaction would
not be wise, as It would make removal of the backfill more
difficult. The incentive for compacting the backfill is to
minimize ultimate surface subsidence and general! site
disturbance.

The low stress levels gre not surprising because the
deformation modulus of the crushed material will be low.

How conservative is it to use Young's modulus rather than e -
constrained modulus?

Why are thermoelastic stresses ignored?
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Chicapo Opetations Otfice
S8t Reposhtory Project Office
805 Kinp Avenue

Columbuz, Ohic €3201-2693

dymar Harrison, ANL
9800 South Cass Avenue
Argonne, ITVinots 60439

Dear Dr. Harrison:

W, HARR: SON
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COWR LY D

SUBJECT: REVIEM OF REPORT ENTITLED “SCHEMATIC DESIGNS FOR PEXTTRATION STALS
‘ FOR A REPOSITORY IK THE PEMIIAL BASIE®

¥e would appreciate your forming a panel to review the attached D'Appolorte
report entitled “Schematic Designs for the Penetration Seels for & hepository
~1n the Permian Basin.® The review should include, but meed not be Yimited to,

~the following points:

1. Are their assumptions and Vimitations sdequately and clearly stated?
2. Is the technical interpretition of the data presented correct?
3. Do the mterisls recomended for seal and backfil) meet the

performance regquirement?

€. Are the future activities ocutlimed in the report appropriate teo
wceting the sealing prograe objectives?

§. Comment on the sealing design and consolidation behavior of crushed

selt.

Please complete the review and subeit your comments to SRPO by April 13, 1984
and sooner 1f possible. If you have any questions, please contact Roger Wu at

FTS 976-2916 ext. 13.

SRPO:KXK:1568A

cc: S, Matthews, O]
D. Kingsley, ONW]
J. Moody, OI1
S. Hanley, ON¥I

Sincerely,

L . bases]

R. C. Wunderlich

Chief

Engineering and Technology
Salt Repaository Project Office

STF 351-84
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Dorland E. Edger

~ Central Missouri State University: B.S., Geology (1968)
Colorado State University: M.E., Geology (1873)
‘Purdue University: Ph.D., Geology (1976)

, Dr. Edgar joined the Geoscience and Engineering Group of the Energy and
Environmenta! Bystems Division of Argonne Nationsl Laborstory in 1£78. Since that
- time he has worked as & geologist and hydrologist on programs related to waste
‘management and energy end minersal resources development. From 1981 through 1963,
~ he participated in studies of the geologi ! setting of crystalline rocks of the northeastern
and Lake Superior regions of the United States for the purpose of assessing their
“suitabllity as sites for g high-level radioactive waste repository. His primary areas of
responsibility on this project were surface-water and groundwater hydrology,
geomorphology, and surficial geology.

From 1878 to 1981, Dr. Edgar was affiliated with Argonne's Land Reclamation
Program and Environmental Control Technology Program, where be studied the rela-
~tionships between surface mining and reclamation activities, and geomorphie processes,
" hydrology, water quality, and erosion and sedimentation. Dr. E6gur also served as & UK.
‘Department of Energy representative to an intersgency group that reviewed comments
and drafted revised regulatory guidelines for the U.S. Office of Surface Mining.

Before comiig to Argonne, Dr. Edgar was employed at Oak Ridge National
Laboratory, where he conducted research on surface and subsurface hydrologic and
geologic conditions, and their relationship to the shallow land dispossl of low-level
radioactive waste. One project involved the study of the hydrologic and geomorphic
processes involved in transporting madionuclides from burial sites through aen
- instrumented watershed. Dr. Edge . graduste research was directed primarily toward
the relationships between hydrology and the geomorphic processes operating wtthin
alluvial stream channels and drainage basins.

Dr. Edgar hes published approximately 25 scientific and technical publications,
and is a member of two professional socleties.




David F. Fenster

City College of the City University of dew York: B.A., History (1967)

University of llinois: M.A., History (1968)

Queens College of the City University of New York: K.K., Geolopy (1875) -

Certified Professional Geologist, No. 4668, American Institute of
Professiona! Geologists

Certified Professional Geologist, No. 85, State of indiane

Mr. Fenster joined the staff of the Geosclience and Engineering Group of the
Energy and Environments! Systems Division of Argonne National Laboratory in 1982, He
is currently Technica! Project Manager and member of the multidisciplinary core peer
review staff, which is reviewing technical documents for the Salt Repository Project
Office of the Civilian Radioactive Waste Management Program. He also served as ¢
technical reviewer for parts of Argonne's Lake Superior regional report related to siting
repositories for high-level radioactive waste in crystalline rocks.

Prior to coming to Argonne, Mr. Fenster was Project Geologist with Dames &
Moore, Park Ridge, lI. He had been with Dames & Moore since jolning the staff of the
Cranford, K.J., office In 1974. During his tenure with Demes & Moore, Mz. Fenster
scquired extensive experience in seismotectonics, structura! geology, radioactive and
hazardous waste disposal, regional geology, engineering geology, hydrogeology, and
general geologic field mapping. For example, Mr. Fenster was Principal Investigator for
Stratigraphy for the Generic Environmenta! Impact Statement concerning disposal of

radioactive waste in bedded sali, granitic rocks, and argillaceous formations for Oak
Ridge National Laboratory. ‘He also worked on & revised éraft (unpublished) of e nationsal
screening document concerning selecting sites for repositories In crystalline rocks fee
isolating high-level radioactive waste,

Mr. Fenster also worked on geologic investigations related to nucleer power plant
siting and licensing. He is familiar with U.S. Nuclear Regulatory Commission review and
licensing procedures, having worked on esrly site reviews, preliminary safety enalysis
reports, final safety analysis reports, and detziled fault investigations.

Mr. Fenster has published on the siting of repositories for high-leve! radioactive
waste, midcontinent tectonics, and structural geology in the Northeast, and has worked
on more than 30 consulting reports. He is & member of five professional societies,
including the Association of Engineering Qeologists.




Douglas F. Hambley

Queen's University at Kingston: B.Sc., Mining Engineering (1872)

Lewis University: MBA candidate )

Registered Professional Engineer, No. 18026014, Province of Ontario, and
No. 062-039201, State of llilinois

Mr. Hambley has more than 10 years experience in mining, tunneling, and
underground construction. He joined the staff of the Geoscience and Engineering Group
of the Energy and Environmenta! Systems Division of Argonne National Laboratory in
1984, Prior to working et Argonne, Mr. Hambley was employed as a Senior Mining
Engineer for nearly four years by Engineers International, Inc., & mining/tunaeling
consulting firm located in Westmont, lil. In addition to designing severa! large tunnels
for various purposes, he spent over two years as Project Engineer on U.S. Nucleer
Regulatory Commission contracts to assess retrievadility from repositories for high-level
radioactive waste and to provide technica! assistance for repository design reviews.

Betweer. 1972 and 198C, Mr. Hambley held various technical positions with mejor
Canadian mining companies, including Denison Mines Ltd. ané Falconbridge Nickel Mines
Ltd. During his employment at Denison (1977-1980), he was responsible for several major
projects, including (1) & tripartite (Denison/Rio Algom/CANMET) regional stability study;
(2) investigation, specification preparation, and tender evaluation for Stanrock Mine
dewatering and shaft rehadilitation; (3) design of the backfill system for a pllizr recovery
scheme; and (4) design of the underground garage and supply station for diesel fuel at
No. 1 shaft.

Mr. Hambley has published on retrievabllity of high-level nuclear waste, design
of shafts and tunnels, computer modeling of mine openings, and raise boring cost
estimation. He is active in several technical societies.




¥Wyman Harrison

University of Chicago: E.B., Geology (1853), after three years of
undergraduste work at Stanford University

University of Chicago: S.M., Geology (195¢)

University of Chicego: Ph.D., Geology (1856)

Registered Geologist, No. 2476, Btate of California

Certificd Professional Geologist, No. 134, American Institute of
Professional Geologists, and No. 487, State of Virginia

Dr. Herrison is Associate Director for Geosclence and Engineering for Argonne
Netional Laboratory's Energy and Environmental Systems Division. He directs & 25-
person group that performs snalytical! and experimental studies related to management
of energy and mineral resources eand to development and deployment of related
technologies. Major activities of the group Include (1) acquisition of geophysical and
geotechnical data bases, (2) analysis of the datz of geosclence to support design and
deployment of energy technologies, and (3) development of physical! and mathematical
models of geophysical/geotechnical systems.

Dr. Harrison's group recently completed comprehensive surveys of geoscience
date perteining to crystalline rock complexes in the northeastern and Lake Superior
regions of the United States to help assess their potentisl as possible sites for
repositories for high-leve! radioactive waste. Dr. Harrison has conducted numerous other
geological and geotechnical studies at Argonne, ranging from estimating the petroleum
resources of selected basins in the Soviet Unlon to determining near-shore circulation in
L.eke Michigan.

From 1871 to 1875, Dr. Harrison was Professor of Geography (Associate Depert-
ment Chairman) at the University of Toronto, where he specialized in geophysical studies
related to slope stability in sedimentary terrains and the siting of supertanker ports.
Prior to that, he was Asasoclate Director for Physical, Chemical, and Geological
Oceenogrephy at the Virginia Institule of Marine Science and a Professor of Marine
Science &t the University of Virginis. Dr. Harrison was Director of Environmental/
Science Services Administration's (now Netional Oceanic and Atmospheric Administra-
tion's) Lend and Sea Interaction Laboratory from 1864 to 1968. Before that he was on
-the faculty of Dartmouth College's Department of Geology and a geologist with the
Indiana Geologica!l Survey.

An euthor of over 100 papers, reports, reviews, and books, Dr. Harrison was made
Senior Scientist at Argonne in 187€.




James E. Russell

South Dakote School of Mines and Technology: B.S., Civil Engineering (19€3)
Soutr Dakote School of Mines and Technology: M.S., Civil Engineering (1964)
Northwestern University: Ph.D., Theoretical and Applied Mechanies (1966)

Professor Russell joined the faculty of Texas A&K University in 1978 as
Professor of Mining Engineering and Geophysics, and has been & Brockett Professor of
Engineering since 1982. He has had extensive experience in the analytical/aumerical,
laboratory, and field rock mechanics aspects of mining, underground construction, and
underground storage. Much of his research has involved in situ experiments related to
waste repository design, radioactive waste Isolation in salt, creep models for salt,
therma! loading in waste repositories in salt, benchmark problems in salt using different
numerical methods, coa! gasification, and lignite mining.

Dr. Russell currently serves as rock mechanics consultant to ONWI end Osk
Ridge Nationa! Laboratory; resource consultant for rock mechanies to the Overview
Committee for the Basalt Waste Isolation Project; colnvestigator of an ONWi-sponsored
project et Texas A&M University to develop constitutive equations for salt; and member
of the Performance Constraints Working Group for RE/SPEC, Inc., and ONWL During
1978 he served as & member of the Peer Review Group !o' DOE, Nevads Nuclear Waste
Storage Investigations.

From 1977 to !978. just prior to accepting the position et Texss A&K, Professor
Russell was the Project Manager for Rock Mechanice at the Office of Waste Isolation,
Union Carbide Corporation. From 1872 to 197€, he was Vice President and Resident
Consultant at RE/SPEC, Inc. From 1967 to 1976, Dr. Russell served as Assistant
Professor of Civil Engineering; Associate Professor of Civil Engineering, Mining and Civil
Engineering, snd Mining Engineering; and Professor of Mining Engineering at the South
Dakote School of Mines and Technology. From 1966 to 1967, he was Senior Research
Engineer at Southwest Research Institute.

Professor Russell has published extensively in the fields of rock mechanics,
mining engineering, lignite mining, cos! gasification, and waste isolation. He is a
member of six professiona! and honorary societies, and has served on 11 national
committees. '




-John C. Btormont

University of Wisconsin, Madison: B.S., Mining Engineering (1880)
University of Arizona: MN.S., Mining Engineering (1983)

Mr. Stormont has more than three years research experience in mining, rock
engineering, and nuclear waste repository design. Since 1981, he has been Involved in
research and development activities concerning the sealing of rock masses st under-
ground nuclear waste repositories - as & Research Assistant at the University of Arizona
gnd later at Sandiz National ‘Laboratories. Since jolning the Experimental Programs
Divislon of Sandia Nationa! Laboratories in 1983, he has worked on the Waste Isolstion
Pilot Plant (WIPP) project, being respomlble for its plming and sealing development

program.

After obtalning his Bachelor's degree in 1980, Mr. Stormont worked as a Field
.Assistant to Dr. Bezalel Haimson. His duties included logping drill core and measuring in
situ stresses using hydraulic frecturing. He also worked summers as a Junior Engineer
with Climex Molybdenum Co. (1978) and as Assistant City Engineer for the City of
- Monroe, Wis. (1978).

Mr. Stormont has published several reports on stress measurement techniques in
salt and on the plugging and sealing of boreholes for geologic repositories, including the

program plan for the WIPP plugging and sealing program.
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Mery K. Tisuve

Beloit Coliege: B.S., Geology (1961)
*Yele University: W.E., Geology (1963)

Ms. Tisue has been employed since 197€ as & technical editor for the Energy
Environmenta! Bystems Division of Argonne Nationa! Leborstory. From 1981 thr
1983, she was part of & research team that gathered geolosic information on
crystalline rocks of the northeastern and north-centra! United States, with ¢ view
assessing their suitabllity as sites for repositories for high-level radiosctive wast
Other projects have involved the editing of reports, journal articles, conference paper.
end proposals on such topics as transportation, decision analysis, particulate control
industrial process energy conservation, economics of gasohol, ehemistry of synthetic fuel
process waters, environmental studies of ocean thermal electric conversion, recyeling,
petroleum geology and resource assessment, and socioeconomic impact of energy
development.

Prior to accepting a position at Argoune, Ms. Tisue worked as & technicsl writer
and marketing sssistant for an instrument company and as an editor for-the Metals
Research Laboratory of whet was then the Olin-Mathieson Chemieal Corporation.

Ms. Tisve is & member of the Boclety for Technical Commmieatlon and the
Assocnatlon of Earth Science Edilors.
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