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WIPP Shaft Seal System Design Review

The review of the Compliance Submittal Design (CSD) for the Waste Isolation Pilot
Plant (WIPP) shaft sealing system was held in Albuquerque on April 24, 25, and 26,
1866. The review package was provided to reviewers on April 1, 1996 in
preparation for the comment resolution meeting.

The review panel consisted of the following individuals:

s R E. Stinebaugh, Sandia Laboratdries Organization 2165 (Chairperson)

¢ Malcolm Gray of AECL Whiteshell laboratories located in Pinawa, Manitoba,
Canada

¢ John Tinucci of the Itasca Consulting Group located in Minneapolis, Minnesota
o Stephen Phillips of Phillips Mining located in Tucson Arizona

During the first half of the 24th, the WIPP technical staff made presentations aimed
at providing the review panel with additional information covering the design,
laboratory and in-situ experimentation resuits, and analyses that have been
completed. These presentations provided the WIPP staff opportunity to answer
questions relating to the design and the information provided in the review package.
This session proved to be very heipful, in retrospect its main impact was that it
provided the reviewers a new perspective on the amount of work that has been
done and the rigor of the analyses that support the design. After the presentations
were completed, the reviewers finished the 24th working on individual comments.

During the morning of the 25th, the designers and the reviewers met in smaller .
groups tailored specifically to match the reviewers with the designers and analysts
that could best address questions relating to the reviewer's area of expertise. These
sessions proved to be very efficient and effective exchange of information. At the
close of this day, the reviewers had essentially compieted their comments. The
completed comments were provided to the WIPP staff so that they could started
preparation of responses.



Residual comments were provided to the WIPP staff early on the 26th. Comment
resolution was started by mid-morning and was completed by approximately 2:00
PM.

This is the second review of the WIPP seal system design accomplished by this
review panel. The first (preliminary review) was the review of design concepts
documented in the Waste !solation Pilot Piant Sealing System Design Report
(DOE/MWIPP95-3117). The records package for the preliminary review is “Waste
Isolation Pilot Plant Sealing System Design Report” and contains the review plan,
reviewers' qualifications, and training records appiicable to the current CSD review.
In a number of instances, the comments from the first review were resolved with
promised action to be reflected in the CSD. In some instances, the reviewers
accepted these responses conditionally. At the conclusion of the CSD review, the
reviewers, without exception, stated that they believed the actions promised in the
responses to the first review had been completed.

Full or conditional acceptances were obtained for all comments made by the
reviewers. It should be noted that in some cases, the WIPP staff, in response to the
review panel comments, promised to make certain changes or additions to the
design drawings, the documentation of the analyses, or the report text. The panel
conditionally accepted these responses on the bases of the agreed to changes. It is
imperative that the WIPP staff follow through with the actions promised and provide
the reviewers with evidence that the requested actions have been implemented.

In summary, | thank the review panel and the WIPP staff for what | believe was a
very thorough review. | wouid particularly like to note that | feel that the review panel
was exceptional in both expertise and depth of experience. The WIPP staff did an
exceptional job in presenting the material in a manner that clearly conveyed the
magnitude and quality of the work that has been done and in working with the
reviewers to develop mutually agreeable responses to their comments. Additionally,
| would like to thank Sheryl Vahle and Mike Schuhen for their support in recording
comments and resolutions and in overseeing the quality aspects of the review.

The report documenting this design review is divided into 5 sections, these sections
are described as follows:

1. Introduction

2. Summary letters written by the reviewers conceming the Compliance
Submittal Design are contained in this section.

3. The completed comment/resolution forms are contained in this section.

4. The review package (Extended A/O and 5 CSDR Appendices) primarily
made up of the CSD is included in this section. This section is completed
only in those copies of this design review report that will be placed in The
WIPP Central File.

5. The attendance record for the design review is included in this section
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TO: Robert E. Stinebaugh, SNL, NM 87185

e

FROM: Malcolm Gray 1996, April 25

RE: WIPP Sealing System Design Report -
Review Comment Resolution

Further to our discussions and in consideration of the information
provided by SNL staff and contractors at the meeting held in
Albuquergue on 24 and 25 April, I have reappraised my previous
comments of 1996, March 7. "

The information provided by SNL staff and contractors has satisfied
many of the comments that I provided after my review of the
preliminary design document. Accordingly, I withdraw the
conditions that, previously, I placed on acceptance of all of the
responses that were given to my initial comments and questions.

In brief, I accept previous responses to comments MG-1 to MG-25 on
Form No 430-A (14 pages) and dated 4/24/96 (attached) with the
following remarks and observations.

1.

Many of my previous concerns related to the constructability of
the sealing systems. I was impressed by the amount and rigour of
work that has been carried out to confirm the constructability of
the seals and I am satisfied that the design that I understand
will be proposed in the detailed design document will be workable
within the constraints of existing engineering practice or
reasonably simple extrapolations therefrom. To provide absolute
confidence in the constructability of the proposed sealing
systems it will be necessary, with time, to effect programs which
demonstrate the practicality of the extrapolated technologies

I have a general and abiding concern with the relationships
between derived design constraints and criteria as they relate to
materials specifications. I understand that, generally, the
materials specifications have been made to provide constructable
seal elements with as minimum as practical permeability and that
the properties of the as-placed materials have been incorporated
into total system performance assessment models. The derived
design criteria were not clear to me from either the
documentation provided or the presentations made. From the data



provided, it appears that all of the sealing materials being
proposed for use ensure that chemical diffusion is the dominant
mechanism of radionuclide transport in a possibly saturated
repository at WIPP (see, for example, J.K. Mitchell, 1992). 1Is
this usable as a derived criterion for the specification of the
sealing systems?

With continuing regard to derived constraints and criteria, it
appears that all of the seals, but particularly the clay
(bentonite-based) seals are intended not only to limit the
migration of brines and, particularly, possibly contaminated
brines, but also to limit the migration of gases from the
repository horizon to the biosphere. (Are these gases
radiocactive?). I understand that the proposed application of the
clay seals as a barrier against gas movement is derived in major
part from an in situ test carried out at the WIPP site.
Experiments carried out at the University of Manitoba (Kirkham,
1995) tend to confirm the results of the in situ tests in that 25

- mm thick specimens of water saturated compacted bentonite (y,~1.3

Mg/m’) resisted breakthrough pressures of up to 10 MPa. Similar
results have been obtained from .experiments in Japan (Hara,
personal communication). A general rule of thumb seems to be
that gases break readily through bentonite layers when and if the
degree of saturation decreases below about 80 to 85 %. This rule
is conventionally applied in the modelling of oil and gas
reservoirs. These results tonflict with conventional published
wisdom (Pusch, 1985) which suggests that gas breakthrough
pressures are related to bentonite swelling pressure. This is an
area of concern and question and discussion of the uncertainty
and it’s effects on the materials specification, associated
design assumptions (such as those regarding the rate of
resaturation of the clay barriers and the rate of gas generation)
and the method of clay seal emplacement are absent from the
design documents (both preliminary and detailed). With regard to
the method of seal emplacement it is currently proposed that the
clay seals should be placed as precompacted blocks. The effects
of joints between the blocks need to be considered. During
design refinement activities, the method of deep dynamic
compaction investigated and proposed for placing the salt seals
should be considered as a method for the generation of homogenous

" almost saturated bentonite seals (see item 1 above). The use of

bentonite-salt (sand-sized) mixtures should be considered as a
possible alternative to the currently proposed 100% bentonite
seals.

It is clear from the careful selection of the sealing materials
that consideration has been given to their durability and
longevity characteristics. However, in neither the preliminary
nor the detailed documentation, are these issues discussed in
detail. Durability and longevity issues present constraints that
can also lead to the materials specifications. How have possible
changes in material performance parameters with time (say over
the period of 10,000 years) been applied to total system
performance assessment modelling? Do short term effects
influence long term performance? Mechanisms such as creep, fluid
flow, microbiological degradation (and associated gas



generation), seal material interactions, seal material-rock
interactions, mineral transformation, silicification, dissolution
and precipitation can all lead to changes in material and, hence,
seal system performance characteristics. I suggest that the
documentation should be expanded to provide confidence that these
factors have been thoroughly considered as part of the generation
of the sealing materials specifications and seal designs.

5. I am not confident from the information provided that I properly
understand the nature and volumes of water flows in, around and
through the shaft sealing systems. The time for system
saturation remains unclear. This has bearing on the
functionality of the shaft sealing system.

6. Other reviewers have addressed the effects of the disturbed rock
zone, which appears to have been extensively and adequately
studied for it’s mechanical performance characteristics. The
hydraulic characteristics of the zone are less clear and
consideration of the possible coupling of hydrogeochemical,
hydrogeothermal and hydromechanical processes and phenomena is
not directly evident. Hence the lmportance of these coupled
phenomena, if any, is not made clear

7. Results from experiments at AECL’s Underground Research
Laboratory in Canada (Graham, in preparation) show that in low
permeability, low porosity, saturated rocks, due to phenomena
that can be described by theories of thermo-elasto-porosity,
minor changes in temperature may signficantly affect the
hydraulic flow fields in the temperature affected zones. The
changes may be reversible byt hysteresis may be a factor to
consider in the systems and the time required for reversibility
may be long. Due to a lack of clear understanding of these
phenemonena and their influence, the use of materials and
processes that cause changes in rock temperature should be very
carefully reconsidered and alternatives should be presented.
Specifically in this regard, I note my understanding that for the
hydraulic models being applied for the total system and shaft
seal system analyses isothermal conditions are assumed.

I offer these comments and items of ‘information for your
consideration in the preparation of the detailed design document
that you intend to submit. I appreciate that it may not be
possible to fully respond to all of my concerns and questions. In
many instances the concerns are recognized internationally as being
unresolved or, possibly, irresolvable. In such instances I should
be satisfied with recognition of the concern in the documentation
and a description of approaches in the design that minimise the
effects of the uncertainties.

In summary and conclu51on, I consider that when completed as stated
immediately above, it is likely that the documents being developed
will present a design that will meet the general requirement of
shaft sealing systems that will mitigate againat water and gas
flows from the repository to the biosphere and that can be built
using existing technologies or reasonable extrapolation therefrom.

o
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WASTE .
ISOLATION Document Review and Comment Form
:L’kg Form Number: 430-A  Effective 3/31/96 FTPTTLE
Sandia § f
National . .
Laboratories Procedure: QAP 6-3  Revision 1 Page 7 of E}\\\; e
Sy,
Reviewer's
Reviewer's Comment Author/Designer's Response Responss
Iterm .
Ne. Ref. Loc. | Mandatory Comment Accept | Relect Reasoning Accept | Reject
MG-6 | General | |, Other reviewers have addressed the X Hydrologic characterization of the X
S effects of the disturbed rock zone, which DRZ and its hydromechanical

appears to have been extensively and
adequately studied for it's mechanical
performance characteristics. The
hydraulic characteristics of the zone are
less clear and consideration of the
possible coupling of hydrogeochemical,
hydrogeothermal and hydromechanical
processes and phenomena is not
directly evident. Hence the importance
of these coupled phéncmena, if any, is
not made clear

influence on the seatl system are
addressed in response to other
review comments. Geochemical
effects--or possibilities--are
proposed to be addressed within the
context of longevity in response to
reviewer's Comment #4. Response
to this comment has been
discussed with the reviewer and the
intent is demonstrate awareness of
potentiai issues and at least address
the impact, or lack thereof. As an
example, potential flow of brine
through the DRZ into the clay
column could effect performance of
the clay via mineral alteration.
Recognition of the hydrogeothermal
regime caused by hot asphailt and
hydrating concrete will be made--but
probably not quantified--as noted in
response to Comment #7.
Resolution will be to raise and
discuss these items--not to resolve
all issues--but to demonstrate
awareness.




[ oo Document Rev.ew and Comment Form d
pﬁg; Form Number: 430-A Effective 3/31/96
Sandia
Nalonal e Procedure: QAP 6-3  Revision 1 Page 8 of 8
Reviswer's
Reviewer's Comment Author/Designer's Response Rssponse
Item
No. Rel. Loc. | Mandatory Comment Accept | Reject Reasoning Accept | Reject
MG-7 | General | Results from experiments at AECL’s X Current design element will remain X
{33 Underground Research Laboratory in unchanged with text recognition of
Canada (Graham, in preparation) show the reviewer's concerns.
that in low permeability, low porosity, Phenomena caused by heat, caused
saturated rocks, due to phenomena that be concrete hydration and
can be described by theories of thermo- placement of heated materials.

elasto-porosity, minor changes in
temperature may significantly affect the
hydraulic flow fields in the temperature
affected zones. The changes may be
reversible but hysteresis may be a
factor to consider in the systems and
the time required for reversibility may be
long. Due to a lack of clear )
understanding of these phenemonena
and their influence, the use of materials
and processes that cause changes in
rock temperature should be very
carelully reconsidered and alternatives
should be presented. Specifically in this
regard, | nole my understanding that for
the hydraulic models being applied for
the total system and shaft seal system
analyses isothermal conditions are
assumed. :




WASTE .
ISOLATION Document Review and Comment Form
o Form Number: 430-A  Effective 3/31/96
Sandia '
?:;ﬁ;f;:m o Procedure; QAP 6-3  Revision 1 Page 1 of 7

This form may be used for test plans, procedures, reporls, design packages, abstracts, Technical Operaling Procedures, and olher documents.

Section of documenl to be reviewed and review criteria: (See sample criteria in QAP 6-3.).

Review Response

Requester: . . :
oS Robert Stinebaugls Date: 4479 "reparedBy:

Reviewed Response

By: Data: (4 Concuirence:

Review QA

Type:

{C] Other Specily:

Title of Document 10 be Reviewed:

P Pre-Publication

Signature of Reviewer

Reviewer's
Reviewer's Comment Author/Desitjner's Responss RAesponse
Item
No. Ret. Loc. | Mandatory Comment Accept | Reject Heasonlng Accept | Relect
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soraTn Document Rev.ew and Comment Form
el Form Number: 430-A  Effective 3/31/96
Sandia
National R L
Laboratorles Procedure: QAP 8-3  Revision 1 Page 2 of 7
Reviewer's
Revlewer's Comment AulhorIDulgnsr's Response Response
Aef. Loc. | Mandatory - GComment Accept | Reject Reasoning _ Accept | Reject
General \’Q Allernatives are not presented but / Text in report will include appropriate Q \41
3 critical to providing confidence that mention of alternative construction 4
construction can obtain specified methods; for example, emulsified

performance. Suggest adding
discussion of alternatives (without
minimizing the selected option).

.

asphalt vs heated asphalt, dynamic
compacted clay vs clay blocks, ultra-
high density clay pellets vs clay
blocks, concrete water stops vs
asphalt water stops. Mention will
also be made of the rationale for
using "overkill" materials when it is
just as cost effective as swilching to
another material. The report
presents a single design that can be
built and will work and primary
recognition must be retained
because the report is primarily for
regulatory purposes, not to present a
detailed design or specifications for
bidding purposes.

JT-2

General

Neg

Analyses Resduits are presented as
deterministic “lines” but there are many
factors influencing these values
{analysis methods, assumptions,
properties, etc.). Itis suggested that
“bands” be added to bracket response

To the extent they are available and
appropriate, bounds on expected
results or properties will be added.
The purpose of the bounds will be to
eslablish the range in resuiis that
different properties or analysis
methods might produce, and will also
demonstrate the conservatism of the
approach used in this document.
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WASTE .
ISOLATION Document Review and Comment Form
PILOT .
PLANT Form Number: 430-A Effective 3/31/96
Sandia
National . .
Laboratorles Procedure: QAP 6-3  Revision 1 Page 3 of 7
Reviswer's
Raviewer's Commant Author/Designer's Response R-_s.ponu
Item
No. Ref. Loc. | Mandatory Comment Accept | Reject Reasoning Accept | Reject
JT-3 | General The DRZ, especially along 1 {t near For clarification, a figure will be

/ included in the report that fies field Gq
observations and model DRZ
' | characierizations together; for

example, a figure will be included to

wall, seems to have been analyzed in a
“simplified” manner. Reviewer does not
feel that it has been demonstrated that
the mechanical DRZ compares well with

Yas

the hydrologic DRZ. Suggest adding
comparisan curves of conductivity vs
vol. strain and mechanical damage vs
vol. sirain. Also add a comparison of
ongoing lab tests of damage vs
conductivity (if possible) and the need
for the 32 parameter-constitutive
relation in sall.

compare calculated and measured
DRZ extents and how the calculated
DRZ depends on the method or
criteria chosen to define it. This will
essentially involve overlaying Figure
3-1 (Appendix C) on Figure D-19
(Appendix D).

The DRZ based on mechanical
considerations can be defined in two
ways: either the historical stress-
strain hislory (damage evolution} or
the existing stress conditions. The
required complexity of the
constitutive law for salt depends on
the chosen DRZ characterization.
Because the DRZ in salt is the key to
seal sysiem performance,
argumentative characterization
based on damage is more
appropriate. Tracking amage
evolulion and healing requires a
complex constilutive relationship for
the salt. A simpler model can only
provide qualitative characterization of
the DRZ. This aspect of constitutive
model selection will be discussed in
the main report as well as in
Appendix D.




} WASTE
sotAnon Document Re..2&w and Comment Form
PiLOT . -
PLANT Form Number: 430-A Effective 3/31/96
Sandia
National ) .
| Laboratortes Procedure: QAP 6-3  Revision 1 Page 4 of 7
Reviewer's
Reviewer's Comment Author/Designer’'s Response Response
ltem
No. | Ref.Loc. | Mandatory Comment Accept | Reject Reasoning Accept | Reject
JT-4 | General Radial integration of permeability

Y I was input to Flow Model {L.e., integration

It wasn't clear how DRZ conductivily /

across the area). Suggest adding
description and discussion on mesh
sensilivity {o add confidence . The
resulls {i.e. inflows) would not be vastly
different,

across the mechanically calculated
extent of the DRZ yields an average
conductance which is applied to a
fixed grid (mesh) of the hydrological
analysis, More thorough descriptions
and justifications of the approach and
mesh selection will be provided in
Appendices C and D.

R

JT-5 | General Y &3 Has the pressure difference across the /

watersiop been examined in detail?
Will the asphalt flow down the DRZ? It
won't matter if there isn't any pressure
difference. Suggest quantifying the P
magnitude to eliminate the issue.
Concrele waterstop would eliminate this
issue and should be considered.

L

The detailed design will determine
appropriate asphalt viscosities such
that neither brine {uppermost
walerstop) nor gas {lowermost
waterstop) will “wormhole” asphalt,
because of a pressure difference
across the waterstop. '

Whether or not asphalt will tiow into
the DRZ surrounding the waterstop
(or elsewhere) depends on the
asphalt viscosity, which will be
specitied in the detalled design. At
this time the design assumes that the
asphalt has a viscosity after cooling
that prevents significant migration
into the DRZ.

See JT-1 relative to concrete-filled
waterstops.

Y,




ISOLATION Document Review and Comment Form
PILOT
PLANT Form Number: 430-A Effective 3/31/96
Sandia ' '
Natonal o Procedure: QAP 6-3  Revision 1 Page5of 7
Reviewer's
Reviewer's Comment Aulhormeslgnor's Response Reaponse
Iem
No. Ref. Loc. | Mandatory Comment . Accept | Raject Reasoning Acceptl | Rslect
JT-6 | General Many analyses have been performed to / The cross-sectional seal materials
Y s lock at sensitivities to input properties - {concrete, asphalt, clay, and C ﬂ
{eg Leo's tables of clay stiffness vs eventually crushed salt) are assumed
DRZ, etc.) Reviewer doesn’l get a feel to be adequate in sealing the shaft
from reading the document for which cross section. Therefore the fluid
components and seal properties are fiows will be most sensitive to the
critical. Suggest adding summary path afforded by the surrounding
tabies or curves to indicate range and DRZ. Different materials cause
where within that range the -differences in healing of the DRZ
specifications fall. This will provide surrounding the shaft. The
basis for trade-off between properties effectiveness for healing is directly
and performance. relatable to the stifiness of the seal
malerial. A summary table trom the
" calculation file will be included in the
report to better lllustrate the
significance of sliffness on the DRZ
exten! at representative times.




YRS

what the components are and where

they are located. There is no basis for
why they are located where they are (eg

why is there a concrete bulkhead
belween MB135 & MB136). Suggest

adding brief basis to Section 4 and fie it

back to how it qualitatively ties back to
design guidance in Sec. 3.

certain seal materials are located
where they are can be provided in the
text. For example, the upper
concrete seal is located well below
the top of salt for the following
reasons:

1) so the concrete and waterstop are
situated in clean salt,

2) so no significant marker beds
intersect the emplacement,

3) so any water migration from the
Rustler through the DRZ will have
become salt-saturated before
reaching behind the struclure, and,
4) so the asphalt column can be
placed across the Rustler/Salado
contact and in the region of the shatt
key.

The crushed salt is placed as low as
feasible in the shaft so that the
maximum benefit can be cbtained
from shaft closure induced salt
consolidation.

A lower clay component is placed
lowest in the shaft in order to:
1)provide an immediately effective
gas barrier across the shaft cross
section at the repository horizon and,
2) to restrict flow of gases from
marker beds immediately above the
repository (for example, clay seams
"a" and "b").

O
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F WASTE
SO Document Rev.ew and Comment Form
'Pp L’kg; Farm Number: 430-A EHective 3/31/95
Sandia
National . ..
_ Laboratories Procedure: QAP 6-3  Revision 1 Page 6 of 7
Reviewsr’s
Reviewer's Comment Author/Designer's Responss Response
ftam
No. Ref. Loc. | Mandatory Commaent Accept | _Rejact Reaseoning Accept | Reject
JT-7 | General The design description only describes Discussions will be provided of why




\SOLATION Document Review and Comment Form
e Form Number: 430-A  Effective 3/31/96
Sandia
[’:ggg:'oﬁes Procedure: QAP 6-3  Revision 1 Page 7 of 7
Roviewer's
Reviewer's Commant Author/Deslgnar's Response Response
Item
No. Rel. Loc. | Mandatory Comment Accept | Relect Ressoning Accept | Relact
JT-8 | General To address the long-term issue of L The shaft seal within the Salado are
\f s subsidence influence on shaft seals, it outside the angle-cf-draw for any Q
would be useful to have a plot of jateral horizontal displacements caused by ,4
displacement along the length of the the subsidence over the waste
shaft in Section D.6.2. panels. Moreaver, horizontal strains
caused by subsidence induced by
closures within the shatft pillar are
compressive in nature and
insignificant in magnitude.
Supplementary calculations of
horizontal strains and dilferential
horizontal displacements are not
warranted. This point will be made in
A the text of the report,
JT-9 | General V 3 The document does not provide a clear / When the annotated outline is C
basis for “Why does the shaft need expanded into a report, it will include y
sealing and why has a complicated discussion that resolve this comment,
redundant system been selected”,
Suggest adding preliminary findings
from PA analyses (10 -12 won't work; it
looks more like 10 -17 will and
conservalive vs lack of data approach)
in order to provide this basis.
JT-10 | General \' ex The report presents results nicely in / When the annotated outline is
appendix but does not tie conclusions expanded into a repor, it will include Q)q,
back to guidance criletia. Suggest discussion that resolve this comment.
adding discussion in Sec. 9 Conclusions
as {o how sealing components meet
crileria set forth in Table 3-1,
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Ignature of Author/Designer
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Reauesior  Robert Stinebaugh Date: 424196  Propared By:
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Titte of Document to be Reviewed: Waste Isolation Pilot Plant Sealing System Design Review
K  Pre-Publication Post-Publication
Signature of Reviewer Signature of Reviewer
Reviswer's
Reviawer's Comment Author/Designer's Response Response
{tem
No. Ref. Loc. | Mandatory Comment Accept | Reject RononlnL Accept | Reject
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Reviower's
Reviawer's Comment Author/Designer's Response Response
Item
No. Ref. Loc. | Mandatory Commaent Accept | Reject Reasoning Accept | Reject
SP-1 | 95-3117 Yes if all the lining is not removed, the seal X Based on discussions with the
Pg 33 is only as good as that existing between reviewer, the lining will be retained

the liner and the rock, including the
DRZ. It is therefore over-kill to till the
shaft with a very low permeability
material where the lining is not removed
and the DRZ permeability are not
reduced by grouting. The overall
system is optimized by removing all the
lining, having previously grouted the
DRZ; a daunting task.

throughout the mudstone underlying
the Culebra for safety/structural
reasons and the lining will be
removed as follows below the
Culebra:

Waste Shaft - below the 769 {t level
to top of plug

AlS Shaft - below the 760 ft level to
top of plig

Exhaust Shaft - below the 776 ft
level to top of plug

Salt Handling Shaft - below the 758
ft levet to top of plug

The portion of the key remaining in
each shaft will be grouted to limit
early time flow in the DRZ and along
the interface.

Elevations listed above may be
changed if modification is required
by other design considerations.

Optimization of the design is not part
of the mission of this design effort.
Optimization studies during detailed
design will resolve such concems.
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Reviewsr's
Reviewer's Commant Author/Designer's Response Response
ltem
No. Ref. Loc. | Mandatory Comment Accept | Reject Reasoning Accept | Reject
SpP-2 | 95-3117 Yes Throughout the text there are X The report will be reviewed for
Pg 45 generalized statements regarding the clarification of this point . The general
sealing of the shafts. However, they are shaft sealing strategy will be better
not always put completely into contents. explained in the text. For instance,
Undoubtedly, the asphalt will increase greater emphasis will be given to
redundancy and add assurance that the explaining why redundancy is
transport of brine down the inside incorporated in the design philosophy v
(previously open) portion of the shaft, is and why cross-sectional seals and
precluded. The asphalt will not DRZ “seals” are both required in the
however, seal the DRZ initially but it will system.
allow the DRZ of the Salado to seal over
a period of time. These statements
should be put completely into context.
SP-3 | 95-3117 Yes Specifications for the asphaltic X The review comment is absolutely
Pg 46 components should be such that they correct that different asphalt

optimize the sealing in the various
locations. For example, the properties
for the asphalt in the waterstop should
be such that they promote rapid healing
of the DRZ around the waterstop. The
specs for the asphalt filler for
companent 6 may need to be very
different as some penetration into the
DRZ may be beneticial.

properties may be desired when
comparing the asphalt column
(migration into the DRZ desired) to
the waterstops (pressurization to
induce salit healing desired). The
properties of the asphalt waterstop
should provide fast {i.e. two years)
healing rates arcund the waterstops.
Properties of the asphalt column
should allow some migration into the
surrounding DRZ. The text will
include a “qualifier” that the viscosity
will be tailored in the detailed design
{0 provide the desired properiies of
the asphalt.
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Reviewer's
Reviewar's Commant Author/Designer's Response Response
Item
No. Ref. Loc. | Mandatory Commant Accept | Refect Reasoning Accept | Reject
5P-4 | 95-3117 Yes There will be interface flow, the extent X Construction of vertical shaft seals
PG D8 of which witt depend upon how well the provides the ideal situation for

various components can be placed
against the rock wall and the
characteristics of the rock wall, i.e.
either blasted or drilled/reamed. The
interface flow are initially expected to be
a minimum past the asphaltic seals (if a
relatively low viscosity asphalt is used)
and probably reasonably low past a plug
constructed with concrete having a high
workability. .

minimizing interfaces between the
rock and seal materials. Concrete
and asphalt will flow under their own
weight to provide intimate contact;
this was shown for concrete in the
SSSPT tests. Dynamic compaction
will provide an as yet undetermined
residual lateral stress which will
ensure a tight interface. This
construction method does completely
close the interface, as demonstrated
in the “thumper" test on salt.

In similar canstruction situations
interface grouting is usually
performed and will be attempted in
the appropriate locations.

The impact of a flow along interfaces
was previously analyzed during a
preliminary study of the Rustier
sealing system. These calculations
showed that downward flow rate is
controlled by the Salado DRZ
conductance.
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Reviewer's
Raviswer’'s Comment Author/Designer's Aesponse Response
item
Mo. | Ref.Loc. { Mandatory Comment Accept | Reject = R“.OIM;E m— Accept | Reject
SP-5 | 95-3117 Yes The characteristics, and the eventual X Addtional liner removal In this
General sealing, of the DRZ around the shafts, Um“”"ﬂﬂf;";m“mmw
especially in the lower Rustler will have added o the design. These steps wil provide
a significant effect on the eventual shaft an additional short-term barrier to downwand
seal achieved. The DRZ immediately migration of Rustier groundwater. Grouting wil
above the Salado will never heal and be mdﬂ?ﬂh&?ﬁmmlm Is
never be compie_teiy sealed. Therefo_re. m’”'”“’dm, als0 be grovtsd) and mm’“"‘"’d
there is a potential for unsaturated brine the length of the key. This grout wil provide
to enter the top of the Salado. The flow control In the DRZ during seal system
asphailt filled waterstop at elev. 2420 ft. construction and for some time following
is the primary seal against brine completion of the saal system.
migration downwards through the The reviewer Is comect in slating that the
Salado. This should therefore be asphatt filled waterstop is an important short-
located as high as possible in the ‘ lerm seal for the DRZ. For this reason, the ,
Salado and every effort made to seat its ﬂ;‘m"’:fggdnmmmw‘:m’@ ‘“I Al V/
DRZ as soon as possible, eg. apply a *qood" salt. We do not consider It appropriate
head to the asphalt. Similarly, the short to mave the waterstop to any higher slevation
term effectiveness of the asphalt because It could move It into poorer quality
column in component 6 could be salt and undermine Its function.
improved by completely removing the Based on discussions with the reviewer, the
existing key and applying a head to the length of the asphalt column {i.e., head on the
asphalt and/or grout to accelerate asphalt column), will not be Increased to
healing of the upper Salado. gﬁnrﬂzm greater effectiveness in sealing the
Consistent with the reviewers’ comment, the
healing of the Rustier DRZ was not considered
in performance models.
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Aeviower's
Reviewar's Comment Author/Designer's Response Response
Item
No. Rel. Loc. | Mandatory Comment Accept | Reject Reasonlng Accept | Reject
SP-6 | General The overall performance of the shaft X DRZ permeabilities in the Rustier are

Nes

seal is very dependent upon the short
term ability to form a seal in the upper
Salado. It appears to be a race against
time. Will the Rustler undersaturated
brines penetrate the DRZ to the upper
concrete component before the asphalt
waterstop becomes 100% effective?
The calculations given, indicate that the
flow is minimal and that the waterstop
will seal in 2 years, | suspect that the
calculations are serigitive to the value of
the permeability chosen for the DRZ in
both the Rustler and top of Salado.

Please explain the rationale used to
determine the permeabilities used in the
DRZ of the Rustler.

Will there be any difference between the
permeabilities in the same formation in
different shafts, bearing in mind the
differing construction methads?

Wili the fact that the Rustler:brines are
undersaturaied, make any difference to
the permeabilities used in the flow
calculations? Wil this influence the final
outcome?

4

not based upon fieid data but are
assumed values. However, the DRZ
permeability in the Rustler is not the
controlling factor in flow through the
seal system. The hydraulic
conductance {ka) of the DRZ in the
Salado is the limiting factor.
Therefore, increasing the DRZ
permeabillity of the Rustier will not
significantly impact total flow.

No distinction.is drawn between
treatment of shaft DRZ based upon
shaft excavation methods. However,
we feel that the conservative
conceptualization of DRZ
permeability in the Salado likely
encompassas any possible variation
between shafts. Currently we use
conservative estimates of halite skin
permeabliity and DRZ extent relative
to field results. In addition, we hold
the skin permeability at its maximum
value throughout the DRZ healing
period. The skin permeability
dominates the calcutation of the
effective permeability.

The potential for dissolution of salt
within the DRZ will be considered
and added to the final document.
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Reviewer’s
Reviewer’'s Comment Author/Designer’s Responss Response
tem
lI'slao. Ref. Loc. | Mandatory Comment Accept | Reject Reasoning Accept | Relject
SP-7 | General Does the 2 year time frame for the X The 2-year time frame associated
Res healing of the new DRZ formed by the with the complete healing of the DRZ
waterstop include the time taken to refill around waterstops did not explicitly
the space formed by shrinkage during account for closing any open volume
cooling of the asphalt? of the waterstop caused by cooling of
the asphalt. Cooling could cause
Is it worth considering pressurizing the about a 0.6 inch gap across the shaft
waterstop by grouting to speed the below the concrete component for a
healing of the salt? 10 deg. C temperature change. The
. creep of salt will rapidly compress the
asphalt and close this gap, especially /
when the salt has been heated. An
alternative would be to inject
additional asphalt or grout to fill the
gap (and pressurize the asphalt, if
desired). Pressurizing the waterstop
will cause initiation of healing of the
DRZ around the waterstop.
’ Consideration will likely be given to
this approach at the time of
‘ construction,
SP-8 | General \\J Every effort is made to eliminate/reduce X Text of Appendix B will be modified
¢S the DRZ in critical areas. Removal of to include grouting of the concrete
the lining in some areas of the Rustler plug in the Rustler formation. A spin
will help, but the placement of asphait or grout pattern, similar to that used to
compacted clay will not seal the DRZ. grout the Rustler in areas where the /
Is it worth considering grouting around liner is removed, will be used.
some of the concrete plugs to reduce
the permeability of this area by a few
orders of magnitude and to apply some
state of confinement to the plug?
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Reaviawar's Comment

Author/Designer's Response

Reviewer's
Rasponse

item
No Ref. Loc,

Mandatory

Comment

Accept

Reject Reasoning

Accept | Raject

SP-9 | General

Yes

Should the downward movement of
surficial water not be restricted as much
as possible?

Section 4.3.3, Supra-Rustler
Subsystem, briefly addresses this
point in the 2nd paragraph on page
16 of the draft report. The text will
be expanded io state that the shaft
fill materials in the Dewey Lake and
overlying units will be compacted to
inhibit the migration of surficial water
into the shaft cross section. Flow is
further decreased by a 40-foot long
concrete plug at the top of the
Dewey Lake.

SP-10 | General

How will any existing inflow into the
shafts be handled during construction? *

Text 1o be added is: A waler
gathering system (similar to the one
currently in place at the bottom of
the concrete liner) will be moved
upward as seal emplacement
proceeds. Water collected will be
hoisted to the surface for disposal,
Additionally, significant inflow, if any,
wili be located and minimized by
grouting

SP-11 | General

Yes

Will the electromagnet holding the
tamper be absolutely safe if men are to
be working in the bottom?

Text to be added: The tamper will
be mechanically secured to the
polar crane before personnel are
allowed under it.




b ) m
SOLATION Document Review and Comment Form
PILOT Form Number: 430-A  Effective 3/31/96
PLANT
JSandia '
National Procedure: QAP 6-3  Revision 1 Page 9 of 13
Laboratories
Reviewer's
Reviewer's Comment Author/Designer’s Response Response
Item
No. Ref. Loc. | Mandatory Comment Accept | Reject Reasoning Accept | Reject
SP-12 | General 9 Should the locking devices not be on X No text/drawing changes at this time
&5 the bottom deck rather than the top since discussion with the reviewer
deck? indicates agreement that the
location currently shown will function v
satistactorily. This change may be
incorporated in future optimization of
the system.
SP-13 | General ¥ The long blade of the undercutter X The text in Appendix B, Section
s should be confined both top and bottom 4.2.2 will be modified to state that
in the salt when cutting. It may be two cutter bars will used to make the
necessary to use a short rigid blade to necessary excavations for the
make the sequential, circumferential upper, middle, and lower concrete
culs for the excavation for the plugs. companenis. The nofches for the
concrete plugs will be excavated
using a short cutter bar {minimum
length necessary to excavate notch)
and the kerf for the asphalt
waterstop will be excavated using a
long cutter bar (length sufficient to
make a 1 radius excavation).
SP-14 | General vV, It may be necessary to cut both upper X The text in Appendix B, Section
> and lower plug excavation together so 4.2.2 will be modiied to state that
that the muck does not have to be the notches for the upper and lower
cleaned off the top of the asphait. concrete plugs of the concrete
components will be cut before the /
concrete for lower plug is placed.
This will insure that muck from the
upper notch does not have to be
cleansd off the 1op of the asphalt.
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Reviawer's
Revlewer’'s Comment Author/Designer's Response Responss
Item .
No. Rel. Loc. | Mandatory Comment Accept | Ralact Aeasoning Accept | Reject
SP-15 | General |, The work deck could be assembled in x We agree that assembly of the
It the shaft collar. The work scheduled to stage in the shaft may resultin a
be perormed on the surface bensath fo cost saving. Howaever, the ability to
bottom deck of the work deck could also raise the stage 10 ft above the collar
be done with the stage just below the provides operational flexibility for:
collar, This would allow a smaller a. maintenance of the polar crane,
headframe to be used and the asphall b. instaliation and removal of the /
pipes to be handled in 20 ft. rather than salt undercutter, and p
v

10 ft. lengths.

c. instaliation and removal of the
tamper.

Therefore, since the design as
presented will work, it will not be
changed at this time. However,
considerations such as this are likely
to be part of future optimization
aclivilies.
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Item
No Ref. Loc,

Mandatory

Commaent

Accept

Reject

Accept | Relect

SP-16 | General

Hes

Will dust be a problem during dynamic
compaction, or will the water added
keep it to manageable proportions?

Per discussions with reviewer, salt
dust generated during dynamic
compaction is not expected to be a
problem - Text to be added is:
Experience gained during the large-
scale salt compaction demonstration
indicated that dust generation during
the compaction of WIPP salt is
minimal. Additionally, fresh air wiif
flow down over the workers to the
vent duct located below the lowest
deck of the stage.

Therefore, any dust will be
exhausted directly out of the working
environment.

SP-17 | General

For salety reasons no major work items
should be performed on the top deck.
Can the lining be removed on the
bottom deck and the material collected
off the bottom of the shaft? it would be
safer to move up the shaft, breaking out
the lining so that no one is working
below the unsupported wall.

The following text will be added to
Appendix B: For safety reasons, no
major work will be performed on the
top deck. Shatt liner removal will
proceed from the bottom up,
working from the bottom deck.
Broken pleces of the liner will be
allowed te fall to the fill surface
below. Broken concrete will be
gathered by a mucking device,
placed in a hoisting bucket, and
removed to the surface for disposal.
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Reviewer's
Reviewer's Commaent Author/Dasigner's Response Respcnse
Itam
No. Ref. Loc. | Mandatory ] Comment Accept | Reject Reasoning Accept | Refect
SP-18 | General 9 Grouting prior to lining removal will be X Text to be added is: Grouting prior
w more effective if it proceeds from the to liner removal will proceed from
bottom and moves upwards. Primary the bottom up. Holes will be drilfed,
and secondary sequencing of drilling using reverse circuiation diamond
and grouting should.aislq be used}. If drill equipn'!ent'to avoi_d plugg_ing
any formation has significant vertical fractures with fine-grained drill
fracture, the holes should be “spun”. cuttings. Jhe ho\;ass ;vill be dril:)ed in /
a spin pattern at egrees above
1 horizontal, in the form of an upward
opening cone. The holes will be
drilled and grouted, using stage
grouting procedure and will utilize
primary, secondary, and, if needed,
tertiary grout holes. _
SP-18 | General ‘f Would it be simpler to construct the X The construction description for the
S Shaft Station Monolith from the shaft? Shaft Station Monolith in Appendix
B, Section 4.2.2, will be revised to
slate that the Shaft Station Monolith ,V/
concrete will be placed from the
multi-deck stage in the shaft.
Additionally text will be modified to
explain the basis for this choice.
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Reviewer's
Reviewer's Commant AulhorIDosIgnor'l Responsse Response
ltern
No. Rel. Loc. | Mandatory Comment Accept | Reject Reasoning Accept | Reject
5P-20 | General Y The dynamic compaction of bentonite in X We agree that dynamic compaction
s the shaft (when a proven technigue) of bentonite is both efficient and

should provide a much higher degree of

confidence in the density achieved for
this material. Installing blocks will be a
very time consuming, labor intensive
activity with difficult quality control on
first outcome.

cost effective. However, at this time
it has not been aestablished that
dynamic compaction will produce
the required average bentonite
density of 1.8 g/cc. Therefore, the
design will retain bentonite block as
the construction method for the
bentonite columns.

v
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Introduction

Sandia National Laboratories is responsible for production of a credible shaft seal design
as part of the Compliance Certification Application (CCA) being prepared by the
Department of Energy (DOE) for the Environmental Protection Agency (EPA). The
CCA will demonstrate compliance with the requirements outlined in Title 40, Part 191
(or 194, if promulgated) of the Code of Federal Regulations for the permanent disposal
of transuranic wastes. Much of the technical content of the shaft seal system design will
be included in the CCA. Ultimately, the shaft seal system will be published as a
comprehensive, stand-alone docurnent including design considerations beyond the scope
of the CCA.

Design activities have been conducted by Sandia and subcontractors under the auspices of
an approved quality assurance program. This design review will adhere to requirements
of SNL Quality Assurance Procedure (QAP) 3-2, entitled Verification of Design
Adequacy, Revision 1, approved 7/31/93.

Scope

This review plan governs preliminary and final review of the WIPP shaft seal system.
Preliminary design is embodied in a single published report. Final design will include
considerable additional detail developed on the basis of the"pféliminary design. Final
design documents include but are pot limited to: 1) an enhanced annotated outline of the
compliance design report, 2) design drawings, 3) framework of material specifications,
4) fluid flow analyses, and 5) structural analyses.

Preliminary Design Review will consider the adequacy of design concepts summarized in
the report entitled Waste Isolation Pilot Plant Sealing System Design Report (SSDR)
(DOE/WIPP-95-3117, Printed October 1995). The report includes descriptions of the
WIPP setting, design guidance derived from the regulations, a description of the design,
materials comprising the seal components, and preliminary evaluations of the shaft seal
system. The report itself is the only document that will be reviewed in the preliminary
design review. Based on the information included in the SSDR, the review panel will be
asked for their evaluations of the following general questions:

e Will this shaft seal system satisfy design guidance?

e Are there elements of the design which will prevent the sealing system from meeting
design requirements?

e Can the design be successfully implemented?
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The panel is not expected to optimize the design summarized in the SSDR, though
comments will be resolved in keeping with QAP 3-2. Resolution of comments may
include details of analyses, drawings or specifications that will be addressed and included
in the package presented for the final design review,

Final design review will consider several products:

An enhanced annotated outline for the compliance shaft seal design report
Detailed drawings

Material specifications framework

Structural calculations in topical summaries

Fluid flow calculation in topical summaries

The final design report for compliance is scheduled to be published in August 1996. The
enhanced annotated outline used in the review process will be developed into the
“compliance design report and incorporate the final design review com—ents. The
compliance design SAND report will be subjected to peer review in k. .ping with
established Quality Assurance procedures for publications. The products identified for
examination during final design review will address comments generated during
preliminary design review. -

Review Panel Members

Members of the design review team are selected on the basis of their respective
knowledge, experience and independence from the WIPP shaft seal design effort.
Independence does not mean total lack of experience with any WIPP activities, rather
independence means no involvement with the seal design, analysis or materials
development.

Name/Organjzation Keyv Review assignment Phone Number
Robert E. Stinebaugh/SNL Review Teamn Chairman 505-844-2534
Malcomb Gray/AECL Scientist/Programmatic 204-753-2922
John TinuccifItasca Modeling/Analyses 612-371-4711
Steve Phillips/Phillips Mining Materials/Safety 520-297-2162
Schedule

The schedule presented in this plan is based on the assumptions that the panel members
will be available on the dates specified and that the material to be reviewed will also be
available on these dates. This schedule may be revised by the Chairman to accommodate
any or all parties to this review without revision of this plan.
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Approval of design review plan: On or before 12/22/95
Note: Approval of the design review plan includes assignment of the review chairman
and review pane! members.

Preliminary design review: 01/10/96 through 02/13/96

01/04/96-01/09/96:  Distribute seal design report (DOE/WIPP-95-3117) to review

panel.

01/10/96-01/23/96:  Review design package per review plan instructions.

01/23/96: Formal comments submitted to Chairman.

01/30/96: Comment resolution complete. The Chairman has the discretion to
hold a summary meeting to discuss resolutions.

02/13/96: Preliminary design report completed by Chairman and delivered to

Sandia QA for review and approval. Pending QA a roval, the
_preliminary design review package will be submitted to the Sandia

WIPP Central File (SWCF). Delivery of the design report to
SWCEF concludes the preliminary design review.

Final design review: 03/21/96 through 04/29/96

03/21/96: Distribute an enhanced annotated outline of the Seal System
Compliance Design Report and supporting documents to the
review panel. Distribution will be accomplished in a joint meeting
wherein the design and supporting calculations are presented to the

review panel.
03/22/96-04/03/96: Review design package.
>04/04/96: Submittal of all review comments to the Chairman.

04/05/96-04/18/96: Comment resolution.
04/19/96-04/23/96:  Verify resolution acceptance by review panel.
04/24/96-04/26/96:  Prepare design review report.

04/29/96: - Submit design review report to SNL QA for review, approval and
submittal to the SWCF.
04/30/96: Milestone SS002--Complete design review of Shaft Sealing

System Compliance Design

The concept of “comment resolution” for purposes of design reviews means that
agreement is reached on how a comment will be addressed as the design progresses.
Resolution does not require the solution to the comment be completely obtained or
achieved. Certification of completion of review comments rests with the Chairman.

This schedule supports two project milestones: 1) Seal design input to CCA (07/96), and
2) Publication of the Seal System Compliance Design Report (08/96).
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Review Procedure

The Chairman has the authority to make schedule changes and logistical arrangements as
felt necessary to accomplish the reviews, if such arrangements do not jeopardize quality,
the ability to complete the review in a technically competent fashion, or the milestone
date for completion (04/30/96). If p.ictical, design reviews will be initiated at a central
location to provide an opportunity for presentation of the pi’oduCtS by Sandia. Ifitis not
possible for a panel member to meet at the designated location and time, the Chairman
can implement alternative arrangements for initiating the design reviews.

The Chairman will provide guidance for the review process including training in
accordance with QAP 3-2. Training forms and other QA documentation will be
assembled early in the review process. The Chainman will instruct reviewers to stay
within their areas of expertise and offer concise comments suitable for a technical
response. The guidance will include methods for comments submittal and resolution (a
standard form #430 from QAP 6-3 or an equivalent word processing form will be used).
Unresolved comments (disputes) will be resolved by majority of the panel. If the panel
cannot achieve resolution, a final decision regarding the unresolved comment will be
made by the Department Manager, J. R. Tillerson in consultation with DOE. Minority
opinions can be included in the Chalrman’s report.

The Chairman’s report on the preliminary and final design will include:

e The Review Plan.

e The reviewed material.

e Reviewer’s qualifications in accordance with SNL WIPP QAP 2-1.

o Guidance for the review. This may include materials such as view graphs used for
technical presentations or instructions.

o Documentation of training and orientation of reviewers.

e Completed review and comment forms consistent with QAP 6-3.

o Discussion of minonty opinions, if appropriate.

e Summation of the review process, if appropriate.



