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EXECUTIVE SUMMARY

An evaluation of the effective life of underground rooms in Panel 1 of the waste
storage area of the Waste Isolation Pilot Plant (WIPP) was performed during April
1991 by a panel of geotechnical experts. The evaluation addressed cancerns
regarding WIPP’s ability to complete a test program proposed for Panel 1. This
program currently requires bins containing controlled quantities of contact-
handled (CH) transuranic (TRU) radioactive waste to be placed in rooms in the
panel. The bins will be monitored to obtain data on the potential generation of
gases from the degradation of wastes emplaced in the WIPP underground facility.
The purpose of the evaluation was (1) to provide an estimate of the life expec-
tancy of the rooms in Panel 1; and (2) if necessary, to recommend additional
remedial actions that would improve the longevity of Panel 1 rooms to allow the
testing to be successfully completed.

Panel 1, the first panel to be mined in the waste storage area, was developed to
receive waste for a demonstration phase that was scheduled to start in October
1988. Mining of the panel began during the second half of 1986 and was completed
to final dimensions in June 1988. The original plan was to store drums of CH TRU
waste in rooms for a period of 5 years. The demonstration phase was changed to
an experimental program that will use CH TRU waste in bin scale tests which will
be located in Panel 1. For the purposes of this report, a nine-year test period

beginning July, 1991, was assumed to be necessary to complete these bin scale
tests. ‘

The panel members were able to reach positions that were reasonably consistent.
They agreed on the qualitative mechanisms identified as the principal causes of
the failures found in the roof of excavations in the WIPP underground test areas
and established that similar fracture development could be expected in other WIPP
underground areas. They concluded that if no additional remedial measures are
taken, the rooms in the panel are likely to have a total Tife from seven to
eleven years from the time of excavation using the currently installed roof sup-
port system, consisting of rockbolts. They indicated that the rockbolts had some
beneficial effects, but agreed that it was not possible to measure their effec-
tiveness. Estimates made by individual panel members of room life extension due
to the bolting varied from a few months to several years. In conclusion, the
panel believed that modifications, enhancements, and regular maintenance would
be required for the rooms in Panel 1 to perform satisfactorily over the assumed
nine-year test period starting July 1991.

The panel indicated that techniques were available that would extend the life
of the rooms to varying degrees. They indicated that the rooms were currently
stable but added that continuous access into the rooms would probably require
remedial measures of some kind during the test period, and these measures should
be undertaken. Techniques currently used in mining that would improve conditions
were suggested by the panel members and included the following:

e The use of full column resin or resin anchored bolts.

* Grout anchored cables with loops, lace, and mesh covering the roof to
contain and control roof rock failure.

e Relief of the lateral stresses to prevent roof and floor failures by
slotting and/or relief entries.
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® Yielding support.

e Rely on currently installed support and upgrade when necessary, based
on the results of the geomechanical monitoring program.

¢ Roof trusses.
¢ Drive new rooms through existing pillars in Panel 1.

The panel recommended that the project evaluate these alternatives and determine
which would be the most effective for improving ground conditions in the waste
storage area for the period of the bin scale tests.

The panel members also stated that the geomechanical monitoring program currently
in place at the site was satisfactory and would provide adequate warning of
deteriorating conditions in the underground. They did suggest that additional
instrumentation should be installed to provide an even stronger monitoring pro-
gram, and they were satisfied with the revised geomechanical instrumentation

proposed by project personnel at the second meeting. Installation of this equip-
ment was initiated in May 1991.

The measures recommended by the panel constitute a series of positive actions
that should extend the life of the rooms in the panel to the required total of
14 years. The geomechanical instrumentation program and the understanding de-
rived from the test areas of the facility will be used to alert project personnel
to changing conditions to allow the remediation and stabilization activities to
be undertaken as needed during the testing program.

In summary, the panel agreed that measures could be taken in Panel 1 that would
give a reasonable assurance that the bin scale tests could be carried out to com-
pletion. The panel members suggested a number of alternative actions that could
be taken. They recommended that the WIPP project evaluate the alternatives and
select one, or a combination, of the measures that would assure continued use of
the rooms over the period of the tests. They also indicated that these addi-
tional measures should be augmented by an enhanced monitoring program that would
regularly assess the geomechanical conditions and that maintenance should be
carried out as a routine activity in the rooms as they aged.
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1.0 INTRODUCTION

An evaluation of the effective 1ife of underground rooms in Panel 1 of the waste
storage area of the WIPP was performed during April 1991 by a panel of geotech-
nical experts. The evaluation addressed concerns regarding WIPP’s ability to
complete a test program proposed for Panel 1. This program currently requires
bins containing controlled quantities of CH TRU radioactive waste to be placed
in the rooms. The bins will be monitored to obtain data on the potential gene-
ration of gases from the degradation of wastes emplaced in the WIPP underground
facility. The purpose of the evaluation was (1) to provide an estimate of the
life expectancy of the rooms in Panel 1; and (2) if necessary, to recommend
additional actions that would improve the longevity of Panel 1 rooms so that the
testing could be successfully completed.

The Waste Isolation Division (WID) formed a panel of experts to provide an
independent assessment of the projected useful life of rooms in Panel 1 at WIPP
and to provide advice on ground control measures. This group of eleven experts
made a preliminary assessment of the stability of the Panel 1 rooms, especially
Room 1. This report describes the process by which the panel of geotechnical
consultants arrived at an evaluation of life expectancy of the rooms in Panel 1
and presents the findings of the panel.

The panel met twice as a group. The first meeting took place on April 9 - 10,
1991, in Carlsbad, New Mexico. At this meeting, geotechnical information was
presented to the panel by project personnel, and panel members toured the WIPP
underground. The panel members were then given seven days to review the infor-
mation and submit a draft report based on a series of prepared statements
provided to them. The panel reconvened in Carlsbad on April 23 - 24, 1991, at
which time the individual panel members made presentations that summarized their
views. At the conclusion of the meeting, a consensus was reached, which is in-
cluded in this report.

The panel members concluded that if no additional remedial measures are taken,
the rooms in the panel are likely to have a total life of seven to eleven years
from the time of excavation using the currently installed roof support system,
consisting of rockbolts. Mining of Room 1, Panel 1 began during the second half
of 1986. Therefore, the remaining life of this room is anticipated to be between
two and six years. However, the panel agreed that measures could be taken in
Panel 1 that would give a reasonable assurance that the bin scale tests could be
carried out to completion. The panel members suggested a number of alternative
actions that could be taken. They recommended that the WIPP project evaluate the
alternatives and select one, or a combination, of the measures that would assure
continued use of the rooms over the period of the tests. They also indicated
that the measures should be augmented by a monitoring program that would regu-
larly assess the geomechanical conditions and that maintenance should be carried
out as a routine activity in the rooms as they aged.

1.1 CHARTER FOR THE PANEL ON GEOTECHNICAL STABILITY OF PANEL ONE

Prior to the selection of the geotechnical experts to evaluate the stability of
Panel 1, a charter was established that defined (1) the scope of work for the
geotechnical panel; and (2) the tasks that were to be accomplished. The charter
is as follows:

1-1
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Purpose

The purpose of the Panel on Geotechnical Stability is to establish a position
regarding the anticipated useful life of the rooms in Panel 1 of the waste
storage area.

Scope

The scope of the activities for the panel is the review of current and historical
geotechnical data and observations from the WIPP underground. Based on this
review the requirements for maintaining the Panel 1 rooms will be evaluated to
enable the successful completion of the Bin Scale Test Program.

Document Review

The panel members will review existing documentation of the geomechanical per-
formance of the WIPP underground openings. This documentation will be made
available prior to the site visit.

Underground_ Evaluation

An inspection of the underground excavations will be conducted in order to famil-
iarize the members of the panel with the existing conditions of the openings, the
roof support system currently in use, and the repository stratigraphy.

Questions to be Addressed

The members of the panel will combine the results of the document review and
underground evaluation to develop a technical position on the future performance
of the waste storage panel. This position will specifically address the fol-
lowing questions:

¢ What is the useful 1ife span of the storage rooms as they are currently
configured?

e s the current roof support system adequate for the term of the Bin
Scale Tests?

o If the current system is not adequate, what type of roof support system
should be installed?

These questions were formulated into five statements that were presented to the
panel members and were addressed by each panel member.

1.2 BACKGROUND
1.2.1 Panel 1

Panel 1 was the first panel to be mined in the waste storage area. The Panel
entry in S1950, Room 1, and parts of Rooms 2 and 3 were excavated during the
second half of 1986 and the first 3 months of 1987. Mining restarted in January
1988, and the panel excavation was completed to final dimensions in June 1988.

The original design for the waste storage rooms at the WIPP provided a limited

period of time during which to mine the openings and to emplace waste. Each
panel, consisting of seven storage rooms, was scheduled to be mined and filled
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in Tess than five years, before being sealed. Field studies, as part of the Site
and Preliminary Design Validation (SPDV) Program, showed that unsupported open-
ings of a typical storage room configuration would remain stable and that creep
closure would not impact equipment clearances during at least a five year period
following excavation. The information from these studies provided the validation
of the design of openings for the permanent disposal of waste under routine
operations.

Panel 1 was developed to receive waste for a demonstration phase that was sched-
uled to start in October 1988. Although rockbolt support was installed in
Panel 1 in 1988, the rockbolt design was based upon the requirements for the
demonstration program in place prior to 1988. The original plan consisted of
the storage of drums of CH TRU waste in rooms for a period of 5 years. During
this time and immediately following it, the rooms were to be inaccessible, but
the option to reenter was to be maintained so that the waste couid be removed,
if required. To assist with the possible reentry, ten-foot rockbolts were
installed in all rooms to enhance roof stability.

The demonstration phase was deferred and an experimental program that uses CH TRU
waste in bin scale tests is now planned for Panel 1. The decision to use Room 1
of Panel 1 for these bin scale tests was made in June 1989 and was based on waste
receipt in 1990. Further delays to the test program have currently revised the
date for waste receipt to July 1991. For planning purposes and this report, on
the order of nine additional years of useful life are required for the test rooms
in Panel 1. This is the projected time, including a one year allowance to re-
flect uncertainties, required to initiate, conduct, and retrieve test bins for
the bin scale tests. The current test program requires much greater access into
the rooms, leading to more stringent requirements for roof stability.

1.2.2 SPDV Test Rooms

A significant part of the basis for this assessment is the geomechanical per-
formance of the four SPDV Test Rooms that were mined in 1983 and additional data
gathered from instruments installed in drifts and rooms of Panel 1 itself. The
SPDV Test Rooms were instrumented and monitored for rock movement and creep
closure over successive years since excavation. This monitoring program vali-
dated the use of rooms of this geometric configuration for emplacement of waste
in the storage areas.

At eight years after mining, a roof fall occurred in SPDV Test Room 1. Roof
deterioration was first observed and commented upon more than two years before
this fall. As the excavation aged, the potential for roof collapse in the room
was reassessed several times. About fifteen months prior to the failure, an
estimate of the size and timing of the fall was made. The size estimate proved
reasonably accurate. However, the time of the fall was predicted for the summer
of 1990, and the actual fall occurred in February 1991.

SPDV Test Room 4, which was mined at the same time as the remaining test rooms,
has not undergone the same degree of deterioration and is still open for daily
access. This room is rock bolted and geomechanical conditions are regularly
checked. There are no indications that this room will be closed in the immediate
future. The differences between the performance of SPDV Test Rooms 1 and 4 indi-
cate the significant variations that can occur in the effective life of rooms
excavated in very similar geologic conditions. The differences may be caused by
geologic variations across the site or exposure to different stress histories.
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2.0 QUALIFICATIONS OF PANEL MEMBERS

A primary consideration in the selection of panel members was to include tech-
nical personnel who have hands-on professional experience in, or who have
provided consulting services to, evaporite mines at depths in excess of 2000
feet. It was anticipated that these experts would (1) have knowledge and
practical experience of the strata movements that develop at the WIPP; and
(2) recommend measures that might be used to alleviate deteriorating ground
conditions. In addition, experts with a general background in rock mechanics
were selected to provide expertise in engineering, geology, and numerical
analyses.

The following general criteria were used in selecting the panel members:
e Academic and industrial experience in rock mechanics
o Experience designing and monitoring excavations in deep evaporite strata
e Experience mining in the Carlsbad Potash Basin
e Experience in the investigation or design of roof support systems
e Experience with numerical analyses

The specific qualifications of individuals for their selection as members of the
geotechnical panel are as follows:

Dr. George Griswold is an independent consultant based in Albuquerque, New
Mexico. Formerly, he was head of the Mining and Geological Engineering Depart-
ment at the New Mexico Institute of Mining and Technology. He has been involved
with the WIPP project since 1977, when he was associated with the initial geolog-
ical investigations for the site while working for Sandia National Laboratories.
As an independent consultant, he has also carried out assignments for the

Environmental Evaluation Group (EEG) that has an oversight role for the WIPP
Project.

Dr. Tan Farmer is the chairman of Farmer and Partners, a geotechnical engineering
company based in Newcastle, England. Formerly, he was head of the Mining and
Geological Engineering Department at the University of Arizona. He is the author
of several books on rock mechanics and engineering geology and has published over
one hundred technical papers in these fields. Dr. Farmer has carried out re-
search projects related to the time dependent constitutive relationships for salt
rocks, the mechanical performance of full column resin anchored rockbolts, field
instrumentation, and roof support systems.

Mr. Tony lannacchione is the supervisor of the Rock Mechanics Group at the U.S.
Bureau of Mines, Pittsburgh Research Center. He has conducted research on mining
related problems for over 16 years and is the author of over 35 technical papers
on the subject. Currently, he is responsible for managing research projects con-
cerned with the design and reinforcement of pillars, rock mass characterization,
rock burst control, mine-wide monitoring, and rockfill characterization. He has
also had considerable experience evaluating gas outbursts within Louisiana and
New Mexico salt and potash mines.
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Dr. Stephen McKinnon is a geotechnical engineering consultant working for the
Itasca Consulting Group, based in Minneapolis, Minnesota. Previously, he was the
head of the Mine Design Section at the Chamber of Mines Research Organization in
South Africa. While in South Africa, he investigated various mine collapses and
made recommendations on remedial actions and monitoring programs to predict field
conditions. Dr. McKinnon is presently involved in numerical modelling and field
studies for Itasca.

Dr. Hamish Miller is the principal of International Mining Services, Inc., based
in Vancouver, Canada. Previously, he was Professor of Mining at the University
of British Columbia. His main field of research was concerned with the design
and stability of excavations in salt and potash mines. In addition to six years
in the deep, hard rock mines in South Africa, Dr. Miller has spend more than 15
years as a consultant to the salt and potash industries in the USA, Britain, and
Canada. During this time he analyzed, in detail, field data from nine evaporite
mines. Dr. Miller was a member of the peer review panel for the Design Vali-
dation Final Report for the WIPP Project prepared by the Architect/Engineer,
Bechtel.

Dr. Parviz Mottahed is the head of the Mining Technology Section at the Canada
Center for Mineral and Energy Technology, based in El1liot Lake, Canada. Pre-
viously, he was the head of the Earth Sciences and Mining Department for the
Potash Corporation of Saskatchewan, where he provided technical services in the
fields of rock mechanics, geology, and geophysics to four potash mines. He has
published over twenty papers in the fields of rock mechanics and mine design in
potash and gypsum rocks.

Mr. Jack Parker is the principal of Jack Parker and Associates, based in White
Pine, Michigan. His qualifications include 45 years working in and around mines,
with the last 20 years as a consultant working primarily on mine design and
ground control problems. He has worked in many mines, including 11 salt mines,
2 trona mines, 3 potash mines and 3 gypsum mines. Mr. Parker has published a
series of papers describing the practical aspects of rock mechanics for the
miner.

Dr. Bill Thompson is a senior scientist specializing in geotechnical problems for
SAIC based in Golden, Colorado. Previously, he was an Associate Professor at the
University of Texas, Austin. He acted as a consultant to D’Appolonia Consulting
Engineers for the WIPP project during the early site investigation phase. He has
worked in salt and potash mechanics and mine stability for over 20 years, per-
formed laboratory and field experiments for a gas storage feasibility study in
England, evaluated solution cavity development and stability, and investigated
crushed salt behavior for the sealing of a high level nuclear waste repository.
He is presently involved in a major project evaluating mine flooding and sta-
bility in a potash mine in Saskatchewan, Canada. Dr. Thompson has published a
number of papers on rock mechanics.

Mr. Tod Burrington is the Manager of the Advanced Repository and Technology
Department at the WIPP for the Managing and Operating Contractor, Westinghouse,
during which time he has held the position of Manager of Mining Engineering.

Dr. Roy Cogok is the Manager of the Geotechnical Engineering Section at the WIPP
for the Managing and Operating Contractor, Westinghouse. He has worked on
the WIPP project for 4 years. Formerly, he was with the high level nuclear
waste program studying potential sites for a repository in salt. He also has
experience with mining in deep evaporite deposits.
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Dr. Joe Tillerson is the supervisor for the Rock Mechanics, and the Plugging and
Sealing groups for the WIPP Project for Sandia National Laboratories, based in
Albuquerque, New Mexico. Previously, he worked in the rock mechanics program
on the site investigations for a high level nuclear waste repository at Yucca

Mountain in Nevada. He has published papers and reports on nuclear waste
repository design and the creep behavior of underground openings in salt.
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3.0 TECHNICAL STATEMENTS

Five technical statements prepared by the Managing and Operating Contractor,
Westinghouse, were provided to the panel members at the start of the first
meeting in Carlsbad. The purpose of the statements was to focus the attention
of the panel members on specific technical questions related to the overall issue
of life expectancy of rooms excavated in the first waste storage panel at the
WIPP. Each panel member was requested to respond to these statements indi-
vidually. Assumptions, and the factors to be addressed were provided for each
statement. The statements, assumptions, and factors were expected to undergo
modifications as the meetings progressed in order to be more effective in
addressing the issue under consideration. Although modifications were made
during the meetings, they did not change the underlying intent of the statements.

The final statements are given in Table 1. Changes from the original are in-
cluded. Additions are shown in bold type and deletions have been lined through.

The purpose of the first statement was to establish an estimate for the period
of time that rooms designed for waste storage could be expected to remain acces-
sible on a daily basis. Since actual performance depends on the extent to which
the room is supported and maintained on a regular basis, a series of different
cases relating to support and maintenance were to be addressed. The panel
members were also asked to provide upper and lower bounds for their estimates,
and to address the question of uncertainty in their responses.

The second statement addressed the effectiveness of the rockbolt system currently
instailed in Panel 1. The panel members were requested to evaluate the assump-
tions used in the design and to consider the adequacy of the safety factor for
the overall system.

The third statement considered the uncertainties associated with the design
of structures in rock. The panel members were asked to address the design
approaches currently used in mining.

The purpose of the fourth statement was to provide modifications that could
enhance the performance of the rooms in Panel 1 such that the bin scale tests
could be successfully completed. The panel members were requested to propose
alternative support systems and to recommend maintenance activities that would
keep the rooms open.

The fifth statement addressed the adequacy of the geomechanical monitoring in the

underground facility and, in particular, its ability to provide early warning of
deteriorating conditions in the rooms of Panel 1.
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Table 1

STATEMENTS FOR CONSIDERATION BY GEOTECHNICAL PANEL

STATEMENT

ASSUMPTIONS

FACTORS TO BE ADDRESSED

1.

An estimate can be established for the
period of time that Panel 1, in particular
Room 1 remains accessible on a daily basis
beyond July 1991. (Revision 1)

The following cases should be considered:

. . . :
NM&MWW‘“S&W" i 4 ctaliati "

o Il_)i_mited maintenance without moving
ins.

¢  Extensive maintenance on an as re-
quired basis, with bins removed from

room, if necessary during maintenance
activities.

. Room height on July 1, 1991,

13.5 feet and minimum room
height needed to support
equipment clearances, 10.0
feet.

. Room initially excavated in

July/August 1986.

. Falis ot lumps of roof or

side wall rock that might
damage hins or instruments
should be prevented.

. The ability of the Panel to address Statement 1

based on the available information.

. Best estimate for life of Room 1.

. Lower and upper bound estimates for the lite of

Room 1.

. Levels of uncertainty associated with estimates.
. Reasons for the levels of uncertainty.

. Additional information that would be needed to

improve estimates.

. Potential pillar (side walf) spalling.

The rockbolt system as currently con-
figured, is sufficiently effective to ensure
that the test program in Panel 1, in
particular Room 1 can be completed.
(Revision 1)

. The test program will start in

July 1991.

. Retdevalfrom-Room-1-can-be

accemplished-between-July
1006-and-July-1997

. The bins CANNQT be

disconnected and moved to
facilitate maintenance of the
rooms.

. The test program including

retrieval will be completed
by July 2000.

. The affect that the changes associated with the test

program have on support requirements for
Room 1, Panel 1.

. The rock load to be supported is approximately the

fult weight of the roof beam up to the anyhydrite
"b" layer in the middie third of the span, and half
this weight over the outer two thirds.

. The adequacy of the factor of safety of the bolting

system used in Room 1, Panel 1 to support the
design rock {oad.

. The salt above the anhydrite "b* will remain

competent.

. Slippage of anchors provides an acceptable ap-

proach to supporting the rock load while accom-
modating roof closure, with dailty access to the
room.

. The mechanism by which the bolt anchors will

accommodate the movement of the salt while
supporting the immediate roof beam.

-
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STATEMENT

ASSUMPTIONS

FACTORS TO BE ADDRESSED

3. The level of confidence that can be placed

in the estimate of the life for Panel 1
provided in the response to Statement 1 is
in accordance with accepted mining
practices. (Revision 0)

2

3

o

. The extent to which a probabilistic basis for
determining risk assessment is presently applied in
mining.

. The qualitative nature of geologic information.

. The extent to which a database or experience is
available in the mining industry from an operations
point of view to provide the meaningful judgements
at the probability levels used in the nuclear industry
(i.e. probabilities of less than 1 in 10°). This is not
to be applied to an assessment of the long term
(10,000 year) performance of a repository.

The adequacy of the geomechanical database
deveioped at the WIPP and the methods currently
in place to evaluate the perfaormance of openings.

. Madifications to the support system in

Panel 1 can be implemented to ensure that
access is maintained to the rooms on a
daily basis until the tests are completed.
(Revision 0)

-

2.

. The madifications and additions to the support
system needed to ensure the completion of the
tests.

The maintenance activities that will be needed in
the room.

. The need to remove the cables for the bin scale
tests in order to install additional support.

. The geomechanical monitoring program

and the routine observations in Panel 1, can
pravide sufficient warning to allow the
timely retrieval of the waste from the Panel.
{Revision 0)

. In an emergency, all waste

can be removed from the
room within a 6 month
period.

Py

2.

. The adequacy of the geomechanical database
developed at the WIPP provides an adequate basis
to predict and provide early warning of
deteriorating conditions in Room 1.

The adequacy of the present geomechanical
instrumentation, installed in Room 1 is adequate to
provide early warning of deteriorating conditions.

The adequacy of the proposed additional
geomechanical instrumentation to be installed in
Room 1 to provide early warning of deteriorating
conditions.

The criteria to determine when removal of waste
becomes necessary.

£€20-16 ddIM/300
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DOE/WIPP 91-023 TECHNICAL MEETINGS

4.0 TECHNICAL MEETINGS

The geotechnical panel met on two occasions in April to evaluate the Tlife
expectancy of Panel 1. Both meetings were held in Carlsbad, New Mexico. Docu-
mentation of the meeting is given in Appendix I.

The first meeting was held on April 9, 1991, and was attended by the panel mem-
bers and observers from various organizations associated with the WIPP Project.
The purpose of this meeting was to provide an overview of the project to the
panel members, to provide geomechanical data and its interpretation relating to
the performance of the waste storage rooms, and to provide instructions to the
panel concerning the process for resolving the technical issues.

On April 10, 1991, the panel members and observers toured the WIPP underground,
specifically visiting the SPDV Test Rooms and Panel 1 of the waste storage area.
The SPDV Test Rooms were constructed to provide field data on the performance of
excavations having dimensions similar to those in the waste storage areas and to
provide the basis for evaluating the waste storage rooms. Following the under-
ground tour, the panel met to discuss their observations, to establish additional
data needs, and to receive instructions on the preparation and submission of
draft reports.

The panel members were requested to submit draft reports based on a series of
prepared statements provided to them within a seven day period. These reports
were summarized by project personnel to establish a draft consensus position for
each statement that would be presented to the panel as a group at the second
meeting.

The second meeting was held in Carlsbad on April 23 - 24, 1991. A1l the panel
members except for Mr. Jack Parker were present. The panel members presented
their technical views. On the second day of the meeting, the draft consensus
position was submitted to the group, discussions were held, and group responses
were revised until consensus was reached on the five statements. The final
consensus position is given in Section 5.

Following the meeting, the panel members were given the opportunity to revise
their reports. Their final reports are included in Appendix II.

The panel suggested that additional geotechnical instrumentation be installed to
provide an even stronger monitoring program. Revised geomechanical instrumenta-
tion was proposed by project personnel at the second meeting. These plans met
with the approval of the panel members and are included in Appendix III.

4-1



DOE/WIPP 91-023 PANEL RESPONSES TO THE TECHNICAL STATEMENTS

5.0 PANEL RESPONSES TO THE TECHNICAL STATEMENTS

5.1 GENERAL_ COMMENTS

The following general comments were provided by individual panel members in their
reports or in conversations:

e Nobody invites me to go Took at a nice mine. But this was an exception;
I think that this was an unusually clean, safe operation, showing good
workmanship. (J. Parker)

* The best way to assess risk in a salt/potash mine is by making measure-
ments . . . . WIPP has a good geomechanical database on which to base
predictions of future behavior. (H. Miller)

e The design of the openings in the waste storage area is satisfactory for
the original purpose of emplacing waste for final disposal. The change
in the intended use of the rooms in Panel 1, with the requirement that
they last longer, is the reason that the support requirements for the
rooms are being re-addressed (G. Griswold)

e Standard mining practice in these (evaporite) materials is to use the
mine itself as a test bed. Initial mine designs are based on experience
elsewhere in similar materials but during its 1ife the mine design is.
constantly tailored to local conditions. (W. Thompson)

5.2 CONSENSUS PANEL RESPONSE

The panel was able to reach a consensus on the responses to the five technical
statements presented at the start of the panel evaluation. The responses agreed
to by the panel members (J. Parker was in absentia) are provided in Table 2.

01921
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Table 2

CONSENSUS RESPONSES TO STATEMENTS

-3

STATEMENT

RESPONSES

1.

An estimate can be established
for the period of time that
Panel 1, in particular Room 1
remains accessible on a daily
basis beyond July 1991.

The panel expects with confidence (and by) using engineering jJudgement, a life of seven to eleven
years from Room 1, Panel 1 with limited maintenance as required. The panel expressed a high level of
confidence for the lower bounds of room life expectancy, with confidence decreasing as room life
increases. The life of rooms in Panel 1 can be extended with an enhancement of the support if routine
maintenance is carried out, as required.

NOTES:

* The panel feels that the precise effects of rockbolting cannot at this stage be established with any
degree of confidence. It is recommended that a study of the effectiveness of rockbolting at the

WIPP facility be undertaken.

¢ The stress history (sequence of mining) of the different rooms in Panel 1 should be taken into
account in assessing the expected room life.

* The room life can be extended indefinitely, but this would be complicated and coslly and require
. ongoing maintenance.

* Other rooms in Panel 1 which are younger also have a total life expectancy of seven years with a
high level of confidence without additional support. These rooms, as is, would support a longer test

period than Room 1 because they are younger.

The rockbolting in Panet 1, as
currently configured, is
sufficiently effective to ensure
that the test program in Panel
1 in particutar Room 1 can be
completed.

The rockbolting in Panel 1, as currently configured, provides no guarantee that a test plan that may
extend for a nine year period can be completed.

Panel 1 rooms are expecled to provide a total life of seven years (up to eleven years with decreasing
confidence) without modifications.

The maximum test period (nine years) requiring a total life of fourteen years may be accomplished in
Panel 1 if suggested enhancements for support and maintenance work (detailed in response to
Statement 4) are enacted.

The fevel of confidence that
can be placed in the estimate
of the life for Panel 1 provided
in the response to Statement 1
is in accordance with accepted
mining practices.

Formal Probability Risk Assessments are not used in evaporite mine design. Field measurements,
operational experience, and modeling are routinely incorporated into designs to effect an informal
probabilistic level of confidence.

The success of projecting the data from SPDV Test Rooms to Panel 1 is very good due to the
uniformity of geology. However, minor changes in geology can change future predictions of fife.

Probability estimates in the order of 1 in 10° of operational behavior are totally unrealistic in a geologic
environment.

The risk assessment in mining is based on

* Operational experience s Modeling .
» Deformation measurement s Geologic Mapping
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STATEMENT

RESPONSES

4. Madifications to the support
system in Panel 1 can be
implemented to ensure that
access is maintained to the
rooms on a daily basis until
the tests are completed.

The panel proposes the following support system enhancements

A support system utilizing resin anchored bolts.

Grout anchored cables with loops, lacing and meshing covering the roof in order to contain and
control roof rock failure.

Relief of the lateral stresses to prevent foof and floor failures by slotting and/or relief entries.
Yielding support.

Rely on currently installed support and upgrade when necessary based on the results of the
geomechanical monitoring program.

Roof trusses.

Driving of new rooms through existing pillars in Panel 1. (This remedial action was added at the
request of Mr. J. Parker who was absent from the April 23 and 24 meeting).

The panel recommends that an engineering evaluation should be carried out to assess the viability of
these enhancements.

NOTE:

The modifications could involve a combination of these enhancements. These enhancements are
proven technigues.

5. The geomechanical monitoring
program and the routine
observations in Panel 1, can
provide sufficient warning to
allow the timely retrieval of the
waste from the Panel.

The panel agrees that:

The geomechanical WIPP data base is an adequate tool for giving early warning of deteriorating
conditions in Panel 1.

Additional data interpretation should be performed to refine and implement the identification of
deteriorating conditions.

Present geomechanical instrumentation in Panel 1, although adequate, should be upgraded.

Geotechnical criteria should be used to alert the project to changing conditions in Panel 1 and to
initiate decision making courses of action.

. i
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APPENDIX I

DOCUMENTATION OF MEETINGS

Contents of Appendix I

Agenda for Meeting on April 9 and 10, 1991
Agenda for Meeting on April 23rd and 24th, 1991
List of Participants on April 9th and 10th, 1991
List of Participants on April 23rd and 24th, 1991

List of Data, Reports and Documents submitted to the Panel as the basis for their
evaluation.
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II.
IIT.

IvV.

VI.
VII.

VIII.
IX.

EXPERT PANEL - LIFE OF PANEL 1

Tuesday, April 9, 1991
Park Inn, 3706 National Parks Highway, Carlsbad, NM
AGENDA

Introduction.

~ Introduction of participants.

- Scope of evaluation.

- Deliverables.

Review of WIPP Project.

Presentation of geotechnical data and evaluations of Panel 1.
- Overview of monitoring program.

- Ground control in Panel 1.
- Geomechanical data from rockfall in SPDV Test Room 1.

- Rockbolt performance.

- Assessment of useful Tife of Panel 1.

Overview of tests with radioactive waste (bin-scale tests) in Panel 1.
Sandia National Laboratories Presentation.

Rockbolting specifications.

Open discussion.

Wednesday, April 10, 1991
(WIPP Site)

Safety briefing for underground visit.

Underground visit to observe Site and Preliminary Design Validation Test
Rooms 1, 2, 3, 4, and Panel 1, Rooms 1, 2, and 6

Open discussion.
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IvV.

VI.
VII.

Agenda for Expert Panel on
the Life of Panel 1

Park Inn, 3706 National Parks Highway, Carlsbad, NM

Tuesday, April 23, 1991
8:00 am

Introduction
Presentation by Panel Members

P. Mottahed

I. W. Farmer

T. W. Thompson

G. B. Griswold

J. R. Tillerson

S. D. McKinnon

A. T. Iannacchione

H. D. S. Miller

J. Parker (in absentia)
R. F. Cook

Open Discussion

Wednesday, April 24, 1991
8:00 am

Presentation of Draft Summary Report
Discussion of Summary Report and Recommendations for Revision
Presentation of Revised Summary Report

Open Discussion
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PANEL 1 ROOM 1 EVALUATION EXPERT PANEL

Information package contents

Geotechnical Field Data and Analysis Report
July 1989 to June 1990, Volumes I and II, DOE/WIPP 91-012
Interim Geotechnical Field Data Report, Fall 1986, DOE/WIPP 86-012

Sections: Chapter 11.5 Facility Level
Chapter 12.7 Drifts
Chapter 12.8 Test Rooms

Design Validation Final Report, DOE/WIPP 86-010

Sections: Executive Summary
Chapter 1  Introduction
Chapter 2  Background of Underground Design
Chapter 11 Test Rooms
Chapter 12 Storage Area

Borns, D. J., and J. C. Stormont, 1988. An Interim Report on Excavation Effect
Studies at the Waste Isolation Pilot Plant: Delineation of the Disturbed Rock
Zone, Sandia National Laboratories, SAND87-1375.

Stormont, J. C., 1990, Discontinuous Behavior Near Excavations in a Bedded Salt
Formation, Sandia National Laboratories, SAND89-2403.

Design Criteria Waste Isolation Pilot Plant, Revised Mission Concept - IIA,
WIPP/DOE-71 Rev. 4.

Sections: Chapter 5 Underground Facilities and Systems,
Item 1 Introduction
Item 2 Ground Control

Cook, R. F., 1991. Position Paper: Life Expectancy of Room 1, Panel 1, Draft.

Breenwald, H. P. and H. C. Howarth, 1938. Compression Tests of Roof-Salt Slabs
Supported by Potash Salt Pillars, R.[.-3386, U.S. Bureau of Mines.

Brockman, T. R., 1988. Panel 1 Roof Bolting, Design Calculations, EWP-51-0-0433.
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The summary report contains:

o An accurate record of the meetings of the Geotechnical Panel on
Panel 1 Stability.

o A copy of the report provided to Westinghouse by this panel
nember .

o

An accurate presentation of the consensus agreed to by the panel
members at the meetings on the 23rd and 24th of April 1991.

!

Panel Member

Date
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COMMENTS ON WASTE ROOM STABILITY AND RESPONSE TO STATEMENTS

by Ian Farmer

BASIS OF DESIGN

The basis of design of both the SPDV Test Rooms and No 1 Waste Storage
Panel appears to have been the requirement that the storage rooms be 33x
11 ft. in section and 300 ft. long and have a tolerance of -0 +1 ft. An
allowance of 24 inches vertical closure during a 5 year panel life was
validated by calculations based on empirical creep equations and measurements
during the first 3 years life of the Test Rooms.

In both design and analysis, deformation was assumed to result mainly
from creep processes. In practice, observations have shown that this is
not the case and that additional mechanisms involving strain softening,
fracture and movement along discontinuities - albeit time related - are
involved in a complex deformation process. This may also include effective
stress effects from brine and gas.

The emphasis on creep processes results from the historic emphasis on
time related deformation of most laboratory test work on rock salt. This
usually involves long term loading of specimens in compression at relatively
high unconfined or deviatoric stresses. The results are usually expressed
as power law creep equations with secondary data on modulus of elasticity,
Poisson’s ratio and uniaxial compressive strength. These types of test
while producing useful data, sometimes have 1limited relevance to the
performance of underground excavations - particularly of the rock near the
exposed surface of the roof, sides and floor - where deformation results
from stress relief after excavation (an active expansive process) rather
than specimen loading (a passive compressive process).

Baar (1977) showed that under these conditions creep limits for rock
salt in-situ are extremely low and that constant rate plastic flow can occur

at a yield stress difference as low as 150 psi at room temperatures. At
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low deviatoric stresses these creep strains are relatively low. It is only
at high stresses and temperatures and particularly with high confining
pressures that they are large.

Analysis of creep is complicated by the relatively high strength of
rock salt measured in compression, compared with the relatively low measured
tensile and shear strengths at room temperature. Baar estimates tensile
strengths as 4-8% of compressive strength. Dreyer (1972), however, shows
that in conventional laboratory testing of rock salt, confinement has a low
effect on strength and that ¢ is low and shear strength is about 40% of
compressive strength.

MECHANICS OF ROOF FAILURE

The effect of these observations may be discussed in relation to the
SPDV Test Room 1 excavation. Figure 1 plots contours of major and minor
principal stress around a 33 ft. by 13 ft. excavation at the same depth at
SPDV Test room 1. These are the stresses in an elastic material in plane
strain in two dimensions. In practice, they will be modified by excavation
at a finite rate (30% of relaxation will occur ahead of the face), by creep
and fracture. The important thing to note, however, is that tensile fractures
initiate and propagate in a direction parallel to the major principal stress,
causing dilation normal to this direction.

Figure 2 plots contours of one half deviatoric stress (equivalent to
peak shear stress) for the same geometry and stress. These are similar to
the F and M contours plotted by Stormont (1990). Once again, the actual
deviatoric stress distribution will be modified following excavation and
creep, but as a general observation, shear will occur along the lines where
the shear stress exceeds the shear strength of the rock salt. Shear will
result in shear movement along the potential shear fracture and dilation
normal to the fracture.

Assuming that the compressive strength of the rock salt is approximately
4000 psi, the tensile strength 200-300 psi and the shear strength 1600 psi

around the excavation, the following general observations can be made:
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(a) The high deviatoric stresses at the corners of the excavation
(modified by any curvature) will be relieved at an early stage by
formation of a shear fracture, following the edge of the highly
stressed zone into the roof and floor and probably the sides of
the excavation. The existence of this fracture in a similar size
of excavation is illustrated by Stormont’s (1990) permeability
measurements, and by numerous observations of fractures.

(b) Most of the surface deformation around the excavation will be
caused by a combination of induced tensile and shear fractures
modified by creep. This is illustrated in Figure 3. The tensile
fractures will tend to follow the contours of major principal
stress and deviatoric streés. Dilation normal to the fracture
direction will cause horizontal or vertical convergence into the
sides, roof and floor and modification of stress and fracture
orientation. But the overall pattern agrees very well with Borns
and Stormont’'s (1988) permeability observations (a direct result
of dilation) and with their modification of Gramberg and Roest’'s
(1984) estimates of fracture zones in rock salt.

(¢) Continuing dilation will result in bed separation at partings at
the much stronger (estimated 4 times) and stiffer roof and floor
anhydrite layers. This is a well known phenomenon in layered
rocks and in layered rock salt and is described by Baar (1977)
and others. As a result.the floor and roof beams may become partly
detached, the former exacerbating floor heave and the latter
ultimately resulting in roof failure similar to the cutter roof
failure in coal mines.

SPDV_TEST ROOM FAILURE

It is important to see if this postulated failure regime agrees with
observations at SPDV Test Rooms 1 and 2, where the best deformation information
from closure measurement, borehole anchor extensometers and inclinometers
is available. The data over 6 years is plotted in Figures 4 and 5. This

includes the initial nonlinear convergence at Test Room 1 in Figure 4
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resulting in an additional 3 inches of lowering of the center and lower
roof below the anhydrite parting; otherwise the data is essentially the
same. Data during and immediately following construction when relief of
construction stresses occurred is missing.

The general deformation pattern does, however, agree with the postulated
pattern in Figure 3, particularly:

(a) Deformations at the corners are not extreme, indicating that high
deviatoric stresses have been relieved by formations of a shear
fracture.

(b) Horizontal movements in the solid rock are largely confined to
the zone above the sidewall edge and close to the shear fracture
and in a direction normal to the proposed tensile fractures
extending into the roof.

(¢) Vertical movements are largely confined to the roof and floor and
are largest below the roof parting, particularly at the center,
and above the floor anhydrite layer - again particularly at the
center.

It can be argued, therefore, that the general pattern of movement is
essentially that postulated by Stormont (1990) for the specific WIPP case
and by Baar (1977) for the general case of evaporites and involves both
creep and fracture, but principally fracture, albeit over a prolonged period.

It can also be argued that Waste Panel 1 Room 1, although there is
less information, is deforming in a very similar manner to the SPDV Test
Rooms. The basic questions, therefore, which must be asked in assessing
the long term stability of Waste Panel 1 are whether the roof will behave

in a similar manner to SPDV Test Room 1 and whether the current support is

adequate or can be made adequate.
ROOF SUPPORT

The roof of SPDV Test Room 1 appears to have collapsed as a single
large block, probably trapezoidal in shape, breaking up on contact with the
floor. It is bounded by shear planes - apparently steep on the West side

and shallow on the East side and by the clay/anhydrite parting 7 ft. into



the roof. The clay/anhydrite parting may be exposed in up to 1/3 of the
roof span. Calculations by Cook (1991) indicate that the North and South
ends of the roof beam fractured in tension due to the weight of the detached
span.

If the unit weight of rock salt is assumed 150 lbs/cu.ft., the maximum
weight of the roof beam is approximately 35,000 1lbs/ft. In Test Room 1,
this was unsupported. In Waste Panel Room 1, it is supported by approximately
1.7 x 10 ft. long x 5/8 or 3/4 in. roof bolts per foot, with respective
average pullout loads of 19,500 and 15,000 1lbs. and with design loads of
13,500 and 11,900 1bs. The bolt pattern concentrates support in the center
of the room.

The rockbolts have been designed to support the dead weight of the
roof layer; to accommodate creep movements and to avoid fracturing of the
deforming roof surface. For the latter, it was assumed that the anchorage
would yield and this was tested short term. The bolts were located 2 1/2
ft. above the anhydrite layer, where vertical downward movement 1is
approximately 1 - 1 1/2 ins./year and horizontal movement is probably
relatively small.

The purpose of rockbolting in the current geology and excavation geometry
is essentially to prevent movement across discontinuities/bedding lanes and
particularly the anhydrite layer. It is similar to cutter roof failure in
coal mines, which is also time related and difficult to control with
conventional roof bolts, however long. In these circumstances roof trusses
or center cribs have been successfully used and these represent an alter-
native, respectively long term and short term, in the present case.

The roof at WIPP is, however, different to coal mines in that only two
partings are known to exist and the rock is not laminated but apparently
quite massive. In this case, it may be possible to obtain a degree of

medium term control with rock bolts installed in the traditional way.



(5) RESPONSE TO STATEMENTS

. STATEMENT 1: An estimate can be established for the period of time that Panel
" 1, in particular Room 1, remains accessible on a daily basis beyond
" July 1991.

:! 1. Available information on Waste Panel 1 appears to be limited to

horizontal extensometers installed in the E and W rib at the mid point
Ll
in December 1988 and convergence meters installed at the midpoint and
i
North and South ends at various dates between 1986 and 1990. Many
REL

of these are no longer functional, but a summary of data is available
a@ad

indicating 19 ins. of roof to floor convergence over a 5 year period
"~ to April 1991. As far as can be seen, the deformation over this
period is similar to that of SPDV Test Rooms 1-4 over a similar period.

L)

Combined with a knowledge of deformation mechanisms, this give a basis
for discussion of the statement.
2. To estimate the 1life of Room 1, it is necessary to make some assumptions
. about its performance compared with SPDV Test rooms. Convergence of
- SPDV Test Room 1 up to 5 years reached a steady state of 3 ins/year.
After 5 years, this increased as bed separations in the roof gradually
led to detachment of the roof beam and ultimate collapse after about
8 years. Creep in rock salt should be a constant rate phenomenon and
the constant creep rate, representing a roof or floor bay strain rate
of about 0.5% per year, is moderate and almost certainly indicates a
quasi-stable situation.
Provided the deformation of the roof and floor in Room 1 can be
maintained at the present rate and bed separations at the anhydrite/clay
roof layer prevented, there is a good prospect of medium therm
stability. The integrity of the roof block, based on SPDV Test Room
1 observations appears high and there is no reason why an additional
10 years life, bringing the total roof to floor convergence to about
50 ins., when the room would show considerable distortion, should not

be expected.
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A lower bound estimate of a total of 8 years (an additional 3 years)
assuming the same failure mechanism as SPDV Test Room 1 is reasonable.

More rapid failure is unlikely. With the proviso in paragraph 2 and
good support and repair an upper limit of considerable length - say
up to 20 additional years is feasible, provided the deformation can
be tolerated.

Levels of wuncertainty depend on the level of confidence in the

assumptions made to reach an estimate. In this case, there is probably
insufficient data to determine confidence levels beyond subjective

terms such as high, medium or low. The most important basis for

estimates is that the steady state roof and floor bay strains are

moderate and in this case, in a homogeneous rock salt, it would be

possible to postulate stability with a high level of confidence. The

potential instability in the present case arises from the potential

detachment of the roof block from the anhydrite layer and to a lesser.
extent buckling of the floor layer. If roof block detachment can be

resisted by the support system, there will be a high level of confidence

in the estimate.

There is limited deformation data available in the Waste Storage

Panels. At the least, center line roof extensometers at the mid and

quarter points are needed. These will monitor bay strains and parting

separations.

Maintenance should be directed at maintaining roof integrity. Roof

lowering at the current constant rate will lead to some extensions

of shear fractures, which will require limited maintenance. The only

situation which would require movement of bins would be nonlinear

roof lowering. In this case either replacement of bolts or installation

of cribs would be needed to maintain roof stability.

STATEMENT 2. The rockbolt system as currently configured is sufficiently

effective to ensure that the test program in Panel 1, particularly

Room 1 can be completed.
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The rock bolt system is required to support the roof block for 10
years to 2000 A.D. in Room 1, Panel 1. As currently configured, the
roof bolts are anchored in rock salt above the anhydrite layers which
is deforming at an approximate rate of 0.5 ins/year vertically at the
center and 0.25 ins/year vertically and 0.2 ins/year horizontally at
the sides. The bolt collars are located at the surface which is

deforming mainly vertically at a rate of 1.5 ins/year in the center,

less at the sides.

The resultant bolt strain of 0.8% per year may be tolerable for up
to 5 years with anchor and collar deformation (3% bolt strain is
usually considered a maximum). Beyond this, there can be no certainty
of continuing support, without replacement or redesign.

The trapezoid at roof block configuration is not a conservative
assumption. Typical failures of this type often have steep break
lines and a better assumption would be rectangular block. This would
also lead to a better distribution of support in the critical zone
close to the shear fractures at the corners. There are good reasons
for arguing that these shear fractures are not typically inclined at
a low angle to the horizontal.

The current design of roof support does not appear conservative. If
a unit rock weight of 150 lbs/cu.ft. is assumed then the weight of a
rectangular 33 x 7 ft. roof block is 35,000 1lbs/ft. and that of the
design trapezoid is 23,000 1bs/ft. For 5/8 in. bolts, the design
load is 11,900 1bs. and for 3/4 in. bolts (say) 13,500 1lbs. These
are barely adequate for the current trapezoid, which is itself a
conservative assumption.

The salt above the anhydrite b layer is creeping at a rate of 0.25
ins/year - a low rate, which is unlikely to result in fracture.

Horizontal deformations are equally low.
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Slippage of anchors is not a reliable method of rock bolt roof control
over an extended period of time and beyond an anchor strain of 3-4%.
In the current case, beyond 5 years, anchor or collar failure would
be expected.

Fully grouted bolts, probably with double set resins to give enhanced
anchorage load are more reliable. Recent experiments by Signer and
Jones (1990) have shown that high restraint can be maintained, even
when part of the grouted bolt has yielded (see Figure 7). The
possibility of using>fully grouted 3/4 inch bolts (say) 12 ft. long
with a 3 ft. quick set resin anchor tensioned to 30% of design load
should be considered.

In coal mines for similar roof configurations, where cutter roof
failure is likely, truss bolts are extremely effective and these

should be considered for other panels, where major redesign is possible.

STATEMENT 3. The level of confidence, which can be placed in the estimates of

the life for Panel provided in the response to Statement 1 is in

accordance with accepted mining practice.
Probability is used extensively in mining, particularly for slopes;
to a lesser extent for pillars. The major requirement is that there
exists an accurate and accepted analytical framework for design, and
sufficient information on variability of parameters, usually expressed
as variograms. In the case of Panel 1, the nature of roof failure
is complex, involving several different mechanisms and geomechanical
data is limited.
Geological information is not necessarily qualitative. Certainly at
WIPP, it would be possible to build up an accurate database of rock
salt mineralogy and structure which would show limited variability.
Most rock discontinuities, beds, grain sizes can be expressed in terms
of variograms and are often the best and "hardest" information

available.
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STATEMENT 4.

Probability levels of 1 in 106 are not feasible. The variations
inherent in most geotechnical and geometric parameters means a
probability of 1 in 10 is the best that can be obtained. Design in
rock probably has the same type of probability levels as weather
forecasting.

The WIPP data base is heavily orientated towards deformation mea-
surement - since the design is based on creep. There is virtually
none of the geotechnical information - particularly shear and tensile
strength, which would be needed to accurately assess the performance
of the openings - say by using finite element analysis with a combined
creep - fracture constitutive model of the type developed by Desai

and used by Stormont (1990) in his analysis.

Modifications to the support system in Panel 1 can be implemented
to ensure that access is maintained to the rooms on a daily basis
until the test are completed.

The support system should be modified to perform in a roof where
strain over the anchor length over a ten year period is likely to be
8%, equivalent to a differential displacement of 10 ins. Conventional
mechanical anchors are likely to fail if subjected to this type of
deformation. Roof to floor convergence over the same period is likely
to be 30 ins. and roof lowering 15 ins. 1In addition, the current
support system does not appear to have sufficient capacity to support
the full roof block. The support system should be capable of generating

a restraint of 35,000 1lbs/ft. of room length and should provide better

support for the edges of the block.

Four types of support system may be suggested:

(a) Fully grouted resin anchored bolts, 3/4 in. 12 ft. long with
a 3 ft. long fast set anchorage; tensioned to 1/3 of working
load. These should be set with an adjusﬁable collar plate,

and in a uniform pattern. The outer bolts should be angled

towards the rib.

10
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(b) Cable bolted trusses angled over the rib to just above the
anhydrite/clay parting. The trusses should include an element
of flexibility so that they can be lengthened to accommodate
roof movement. |

(e) Cable anchors - possibly combined with slings-installed cen-
trally and incorporating a tensioning device which can be
modified to accommodate roof lowering.

(d) Cribs installed centrally in the room including one or two
elements of soft wood to allow for squeeze.

Some weld mesh should be installed, particularly at the pillar edges

to catch loose rocks. Minimum maintenance activity should be planned

- the support system should be designed to maintain roof integrity

with a degree of flexibility to accommodate roof movement.

Once the experiment has started, installation of cribs is probably

the only feasible additional support system. This should not - if

planned for - require removal of cables.

STATEMENT 5. The geomechanical monitoring program and the routine observations

in Panel 1 can provide sufficient warming to allow the timely

retrieval of the waste from the panel.
The plot of rate of convergence against time from SPDV Test Room 1
provides a powerful and classic type of illustration of precursive
roof movements leading to failure and also provides sufficiently early
warning of deteriorating conditions to allow remedial action. Sim-
ilarly, careful monitoring of SPDV Test Rooms 1 to 4 and other large
span openings will provide additional ongoing precursive information

- in the case of Test Room 4 for a roof including traditional rock

bolts.

This is a limited data base, but the information is precise and

directly relevant.

11
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2. The geotechnical information from Room 1 is just adequate. The

convergence data can be directly compared with Test Room 1.

3. Additional convergence stations and particularly roof extensometers

designed to detect dilation of the parting are needed.

4. A increase in roof convergence, associated with parting dilation,
which is not controlled or reduced quickly by installation of cribs

or additional roof supports.
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REPORT SUBMITTED
BY

DR. G.B. GRISWOLD



The summary report contains:

o An accurate record of the meetings of the Geotechnical Panel on
Panel 1 Stability.

o A copy of the report provided to Westinghouse by this panel
member .

o

An accurate presentation of the consensus agreed to by the panel
members at the meetings on the 23rd and 24th of April 1991.
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RESPONSE TO STATEMENT 1 Panel Member: Griswold

Factors to be Addressed

1.

The ability of the Panel to address Statement 1 based on the

e R s S e, e s Ry =2

available information.

The geotechnical information base is excellent and far ex-
ceeds that available to normal mining operations being con-
ducted in the nearby potash mining district. The safety
record of those mines is excellent yet their extraction rates
are much higher, their bolting pattern not as comprehensive,
and pillar and roof loadings are higher.

The eight year life of SPDV Room 1 represents the minimum.
Life beyond that is not quantifiable but the installation of

rock bolts in Panel 1 will no doubt prolong the time when
open access to Rooms 1 through 7 will be available for scien-
tific purposes. Caution: throughout my discussions of room

life I mean the time from initial mining to expected col-
lapse. How that time is partitioned between preparation,
testing and bin removal will not be discussed.

Lower and upper bound estimates for the life of Room 1.

The age of Room 1 is approaching five years. Using SPDV Room
1 as the minimum model, evidence of the onset of major move-
ment will not be detectable until year 6. Therefore, the
true effectiveness of rock bolting must wait for another
year. So my estimate has to be judgmental, but adding at
least two additional years appear reasonable. Having stuck
my neck out on the two years added life makes me conservative
on the wupper 1limit -- no longer than four years. I am
comfortable with two to four year increased life because the
comprehensive geotechnical monitoring that will be available
for Room 1.

Levels of uncertainty associated with estimates.

It is only reasonable that as expected life goes beyond the
eight year life of SPDV Room 1 that uncertainty increases.
If I was forced to give you an estimate I would say 90%
certain for the two year increase and 60% for the four year
increase.
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Reasons for levels of uncertainty.

The roof bolts will add to stability, but quantifying it as I
just have done with my answer to item No. 4 is pure specula-
tion!

Additional information that would be needed to improve esti-
mate.

The only information that I consider useful is something that
you cannot provide now, and that is time. Time is required
to determine what the deformation plot will look like in a
bolted room. Now as to maintenance. I believe that you must
be prepared for extensive maintenance on a required basis and
the bins removed if necessary. You can hope for the best,
but you must be prepared for the worst.
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RESPONSE TO STATEMENT 2 Panel Member: Griswold

Factors to be addressed

The affect that the changes associated with the test program
have on support requirements for Room 1, Panel 1.

The purpose of the initial design, including the bolting, was
to demonstrate drum waste disposal. No meaningful change has
been done to accommodate the new mission of scientific tests.

E

The rock 1load to be supported is approximately the ful
weight of the roof bean up to the anhydrite "b" layer in the
middle third of the span and half this weight over the oute
two thirds.

:
|

This is gquite reasonable considering the roof failure of SPDV
Room 1.

The adequacy of the safety factor of the bolting system used
in Room 1, Panel 1 to support the design rock load.

The 1.7 safety factor given by Dr. Cook is correct if the
anchors hold and move only by long term plastic flow. If the
wedges slip through the shells then the bolts are not effec-
tive. Dead weight testing of bolts can give a partial answer
this question, and such tests could be done in a few months
time. Of all the "would like to do" tests this is my highest
priority. The forces on the bolts 1is a classic statically
indeterminate case, but can be solved by finite element
analysis. This should be done pronto.

The salt above anhydrite "b" will remain competent.

Yes, it is outside the failure envelope as witnessed in SPDV
Room 1.

Slippage of anchors provides an acceptable approach to sup-
porting the rock load while accommodating roof closure, with
daily access to the room.

This is the key question. Experience in nearby potash mines
says yes for small movements and no for 1large movements.
Dead weight testing should quantify the phemonenology of
failure.



LCES

wid

2

The mechanism by which the bolt anchors

will accommodate the

movement of the last while supporting the immediate roof

beam.

I believe that some bed separation will
fore, the bolts only provide support by
portion of the roof. If such will be
closure rates will depart from what was
rooms. This will place a real burden

still occur. There-~
suspending the failed
the case then roonm
witnessed in the SPDV
on the geotechnical

staff to give an accurate analysis of closure data.
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RESPONSE TO STATEMENT 3 Panel Member: Griswold

Factors to be Addressed

The extent to which a probabilistic basis for determining
risk assessment is presently applied in mining.

Some academics may do such analysis, but I know of no mine
operators that do. You design it the best you can and then
do monitoring. Roy Cook's statement No. 4 in his Summary
section puts it very well.

The gualitative nature of geologic information.

The advantage of WIPP is its uniformity of the bedded
geologic conditions. Therefore, the SPDV geotechnical infor-
mation 1is transferable to Panel 1 with a high degree of
certainty. This eliminates the qualitative aspects of geo-
logic information that one faces in most mining situations.

The extent to which database or experience is available in
the mining industry from an operations point of view to pro-
vide meaningful judgments used in ;Q% nuclear industry (i.e.
probabilities of 1less than 1 in 10°). This is not to be
applied to an assessment of the long term (10,000 year)
performance of a repository. :

Impossible!

The adequacy of the geomechanical database developed at the
WIPP and the methods currently in place to evaluate the
performance of openings.

Excellent in both aspects. The only thing missing is the
design and validation of a long term stable mine opening.
This was something never considered necessary until the
advent of the bin scale test program.



RESPONSE TO STATEMENT 4 Panel Member: Griswold

Factors to be addressed

The modifications and additions to the support system needed

A A M e e e, L e s, S E =S

to insure the completion of the tests.

I would add nothing other than the monitoring system that has
been scoped out by Roy Cook. I do recommend that Jack Gil-
bert and Harry Bibby be brought more into play concerning the
design of a leveling platform for bins and providing as much
structural protection as possible over the bins.

The maintenance activities that will be needed.

This is the responsibility of the safety personnel and not
the scientific investigators. And it will be done by "take
it as it comes" methods.

The need to remove the cables for the bin scale tests in

order to install additional support.

I am not that knowledgeable about the test configuration. I
would leave these decisions to Jack Gilbert because he will
have operational responsibility for the test.
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RESPONSE TO STATEMENT 5 Panel Member: Griswold

Factors to be addressed

The adequacy of the geomechanical database developed at the

WIPP provides an adequate basis to predict and provide early
warning deteriorating conditions in Room 1.

The SPDV experience gives an excellent reference base.
However, we are hoping that the roof bolts in Panel 1 rooms
will alter the convergence rates. Therefore, a lot of judg-
ment is going to be called for on making the correct decision
as to when failure is apt to occur. Added to this is the
problem that the deformation history of Room 1 of Panel 1
differs from those in the four SPDV rooms and rooms 2 through
7 of Panel 1. The convergence plot for Room 1, Panel 1 is
quite linear versus the early curvilinear behavior exhibited
elsewhere. Hopefully some of this dilemma will be answered
when the instrument holes are drilled in Room 1, Panel 1, I
am told that drilling will commence very soon.

The adequacy of the present geomechanical, installed in Room

1 is adequate to provide early warning of deteriorating
conditions. :

The answer is no to the exact statement.

The adequacy of the proposed additional geomechanical instru-
mentation to be installed in Room 1 to provide early morning
of deteriorating conditions.

The answer is yes if the instrumentation scoped out by Roy
Cook is implemented.

The c¢riteria to determine when removal of waste becomes
necessary.

I think it consists of two parts: convergence rate and total
convergence. Any rate above five inches per year or total
convergence over 25 inches are trip points in my view.
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REPORT SUBMITTED
BY

MR. A.T. IANNACCHIONE



The summary report contains:

o An accurate record of the meetings of the Geotechnical Panel on
Panel 1 Stability.

o A copy of the report provided to Westinghouse by this panel
member .

An accurate presentation of the consensus agreed to by the panel
members at the meetings on the 23rd and 24th of April 1991.
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REVIEW OF THE LIFE EXPECTANCY
OF PANEL 1 ROOM 1 IN THE WIPP UNDERGROUND

by Anthony Iannacchione
Acknowledgement

I would 1ike to thank the staffs of the Department of Energy,
Westinghouse Electric Corporation, and Sandia National Laboratory for
the opportunity to evaluate the continued stability of Panel 1, Room 1
at the Waste Isolation Pilot Plant near Carlsbad, New Mexico. I have
found the staffs exceptionally well qualified and clearly focused on
their mission. I hope the following comments will provide some
additional insight and prove useful in any future deliberation of the
expected life of Panel 1, Room 1 in the WIPP underground.

STATEMENT NO.1

An estimate can be established for the period of time that Panel 1, in
particular Room 1, remains accessible on a daily basis beyond July 1991.

The following cases are considered:

1. No maintenance in terms of scaling of roof, milling of floor or
installation of additional support.

2. Limited maintenance without moving bins.

3. Extensive maintenance on an as required basis, with bins removed from
room, if necessary during maintenance activities.

Assumptions

1. Room height on July 1, 1991, 13.5 feet and minimum room height needed
to support equipment clearances, 10.0 feet.

2. Room initially excavated in July/August 1986.

Factors to be addressed

1. The ability of the Panel to address Statement 1 based on the
available information.

Considering the instability observed within SPDV Room 1, a worst case
scenario for the expected life of Panel 1, Room 1 has been identified by
the WIPP staff. This scenario establishes the potential need to support
a 180 ft Tong triangular shaped roof member. Observations from SPDV
Room 1 indicated that the immediate roof fractured after approximately 6
years at the center of a 300 ft long entry along both sides of the salt



ribs/roof intersection. These fractures propagated upward at
approximately 20° to 25° from the horizontal until they intercepted a
clay band approximately 7 ft above the mine roof. Failure of the
detached salt wedge occurs when the shear resistance of the cross
sections could no longer support the detached wedge, causing beam
failure as a single unit (Cook, 1991).

A roof bolt system consisting of 10 ft vertical bolts was installed with
the hopes of prolonging stable roof conditions within Room 1 for an
additional 9 years. Unfortunately, the mechanism by which the bolt
anchors within the salt roof is poorly understood. The WIPP staff has
assumed the bolt anchors will stip downward in response to the ever
present creep of the salt formation. Although this mechanism appears
quite possible, there is little information confirming anchor slip in
salt. If the bolt anchors do not slip, bolt yield or bolt pullout may
result. The in-place bolts are capable of withstanding 10 inches of
yield prior to failure. Current measurements suggest approximately 27
inches of deformation will occur within Room 1 over a the next nine
years.

Horizontal deformations of 0.5 inches per year produce an additional
condition not planned for in the design of the bolt system. Vertical
bolts passing through roof shears may fail in shear long before they
fail in the manner suggested by the WIPP staff. Until these questions
are better understood, confidence in the current support plan is
estimated to be 50%.

2. Best estimate for 1ife of Room 1.

Estimation of the expected life of an entry as critical as Room 1 should
be based upon worst case situations. If the bolt anchors don’t slip,
the bolt system will fail due to excessive elongation. Additionally,
the bolt system may fail due to shearing along the salt roof wedge. Let
us examine each of these cases separately.

First, if bolt anchors don’t slip the bolts will stretch due to constant
deformation of the roof. The deformation in the roof is estimated to be
2/3 of the total room convergence which is approximately 3 inches per
year. This indicates that at least 2 inches of deformation per year
will occur within the roof strata. The 3 inches per year represents a
steady state creep condition, therefore, higher rates would be
experienced once shear fractures occur in the roof. Unfortunately,
precise knowledge of the exact height at which zero roof deformation
occurs is unclear. Let use again consider the most conservative
estimate. Al1 of the movement occurs within the bolt horizon. Tension
fajlure of the bolts would likely occur approximately 7 years after
installation (assuming an extension of 10 % with a Factor of Safety of
1.5 equalling a total of 7 inches of elongation prior to failure). This
would indicate a 2 1/2 year life for current bolt system. Since the
bolts have been installed for approximately this long without failure,
this scenario seems unlikely. Either some slip is occurring in the
anchorage and/or much of the roof deformation is developing far above



the bolt horizon.

If the bolt anchors do slip and/or the roof deformations within the bolt
horizon are some fraction of the total roof sag, then the projected
shear surface crossing the bolt horizon at a 23° angle must still be
considered. Observations within SPDV Room 1 indicate shear fractures
began to develop after approximately 6 years of entry life. If we
consider the worst case scenario, it should take approximately 2 years
for the bolt holes to totally shear. We could then make the assumption
that this process would slow the entire development of the unstable salt
wedge by an additional two years. This again is an unlikely scenario
since some bolt hole deformation will surely occur. Field observations
have indicated that a considerable amount of lateral bending can occur
prior to shear failure. Unfortunately, precise calculations of these
effects are not available (see Hass et al., 1975 for more information on
shear strength of roof bolts).

3. Lower and upper bound estimates for the life of Room 1.

The above discussion adequately defines the lower bound estimates for
the 1ife of Room 1. Since the roof failed approximately 2 years after
roof shears developed in SPDV Room 1 and roof shears have not yet
developed in Panel 1 Room 1, the lower bound estimate of roof stability
would be July 1993. An upper bound estimate would follow the logic
discussed by Cook (1991) where the bolt anchors would slip continuously
in response to roof deformation and where the capacity of these bolts to
resist shear failure is significantly increased by bolt hole deformation
and bolt bending. Therefore, the upper bound estimate would be close to
the completion of the test in July 2000.

4. Levels of uncertainty associated with estimates.

Because of the great deal of uncertainty involved in the performance of
the intrinsic support system within Room 1, precise levels of
uncertainty can not be calculated (note the above statements for a
discussion of these uncertainties).

5. Reasons for the levels of uncertainty.

Please see the above statements for the reasons for the levels of
uncertainty.

6. Additional information that would be needed to improve estimates.

The author recommends a research program designed to investigate the
anchorage mechanism of bolts within the WIPP salt roof. It is
recommended that anchor creep tests be performed on salt so that a
family of load vs. deformation curves under varying confinements, bolt
lengths and widths, and anchor types can be produced. These test should
be compared with in situ bolt load, bolt strain, roof sag and entry
convergence. In this way, the an accurate mechanism can be established
for anchors in salt. Also, estimates of strength of bolts subjected to
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shear forces at various angles should also be evaluated along with
observations of bolt hole deformations along the shear plane. This
information would help to determine what effect horizontal deformation
of 0.5 inches per year may have bolt failure. (See Hass et al., 1975 and
Smith and Stateham, 1987).

STATEMENT NO.2
The rockbolt system as currently configured, is sufficiently effective

to ensure that the test program in Panel 1, in particular Room 1 can be
completed.

Assumptions
1. The test program will start in July 1991.

2. The bins CANNOT be disconnected and moved to facilitate maintenance
of the rooms.

3. The test program including retrieval will be completed by July 2000.

Factors to be Addressed

1. The effect that the changes associated with the test program have on
support requirements for Room 1, Panel 1.

I do not have a high degree of confidence that the currently configured
support system in Room 1 will allow for completion of the Bin Scale Test
through the projected date of July 2000.

2. The rock load to be supported is approximately the full weight of the
roof beam up to the anhydrite "b" Tayer in the middle third of the span,
and half this weight over the outer two thirds.

This appears to be a reasonable estimate. Since the observed cross-
sectional area of the roof wedge within SPDV Room 1 was less than that
estimated for the rock bolt dead weight load, the support system has a
built in Factor of Safety. It is important to note that supports with
high load carrying capacities and high stiffness characteristics might
produce excessive bending and tensile failure in the salt roof. Figure
1 shows an idealized load deformation for support systems within Room 1.

3. The adequacy of the factor of safety of the bolting system used in
Room 1, Panel 1 to support the design rock load.

If the assumptions made in the design are true, the Factor of Safety of
the bolting system would be adequate. However, some of the assumptions
are in question (see comments in Statement No.l). Therefore, I do not
believe an adequate Factor of Safety exists for the current support
system.
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4. The salt above the anhydrite "b" will remain competent.

The salt above the anhydrite "b" will remain competent until separation
along the "b" horizon is initiated. At this point in time accelerated
deformations will begin to occur in the horizon below anhydrite "a"
(approximately 15 ft above the mine roof). The unsupported span of the
salt beam between anhydrite "a" and "b" will be much smaller than that
of the salt roof below anhydrite "b". This should greatly reduce the
size of the wedge which would eventually form between anhydrite *b" and

- L

5. Slippage of anchors provides an acceptable approach to supporting the
rock load while accommodating roof closure, with daily access to the
room.

Unfortunately, slippage of anchors is a suggested mechanism and has not
been proven. Therefore, I would suggest an extensive research program
to verify this mechanism. Also, the shear deformation characteristics

of the installed support system needs to be evaluated.

6. The mechanism by which the bolt anchors will accommodate the movement
of the salt while supporting the immediate roof beam.

To the best of my knowledge this has never been researched. I have



searched the literature and have been unsuccessful in finding any
references which would help verify a mechanism.

STATEMENT NO. 3
The level of confidence that can be placed in the estimate of the life
for Panel 1 provided in the response to Statement 1 is in accordance
with accepted mining practices.

Factors to be Addressed

1. The extent to which a probabilistic basis for determining risk
assessment is presently applied in mining.

The analysis used by the WIPP staff is certainly within the design
procedures utilized by the mining industry. However, considering the
nature of the WIPP site and necessity for safe storage of waste bins in
Room 1, I don’t think using risk assessments applied to conventional
mines is appropriate. Commercial mines can and do take some risks. The
management at WIPP must decide what risks this mine is prepared to take.

2. The qualitative nature of geologic information.

I have a very high degree of confidence in the geologic information
collected at the site. Combining this data base with observational and
measured strata response has already proven extremely useful.

3. The extent to which a database or experience is available in the
mining industry from an operations point of view to provide meaningful
judgements at the probability levels used in the nuclear industry (i.e.
probabilities of less than 1 in 106). This is not to be applied to an
assessment of the longterm (10,000 year) performance of a repository.

I refer to my comments in Factor 1.

4. The adequacy of the geomechanical database developed at the WIPP and
the methods currently in place to evaluate the performance of openings.

The confidence I have in the geomechanical database developed at the
WIPP is very high. The staff has done a great job. I would suggest
some minor improvements. First, the ability to separate the magnitude
of roof sag from floor heave was not always possible from the data
collected at SPDV Room 1. I would suggest more extensometer
measurements in conjunction with convergence measurements in SPDV Rooms
3 and 4 and from the various rooms in Panel 1. Some of these
extensometers should extend great distances (>50 ft) into the roof. 1
would also recommend more remote real-time data acquisition so that
extensive measurements could be made after rooms are no longer
accessible.



STATEMENT NO. 4

Modifications to the support system in Panel 1 can be implemented to
ensure that access is maintained to the rooms on a daily basis until the

tests are completed.

Factors to be Addressed

1. The modifications and additions to the support system needed to
ensure the completion of the tests.
I would highly recommend addition support systems to ensure completion

of the Bin Scale Tests. Three general categories exist: destressing,
additional intrinsic support, and supplemental support within the entry.

Destressing - Destressing in salt has proven to be highly successful in
increasing entry stability. In particular, a destressing
program in Room 1 could be designed to cut-off the excessive
lateral movements which are responsible for the creation of
the unstable roof wedge in SPDV Room 1. Three different
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Figure 2. - Examples of three different destressing techniques.



destressing techniques could be utilized (Figure 2). The
easiest destressing technique would be to slot the roof with
a cutter bar along the rib-roof intersection. This would
cut-off the horizontal movement of salt above the pillar
from the salt roof above the entry. There are two
disadvantages with this technique. Induced spotting of the
roof can result in minor instabilities along the slot.

Also, the dead weight loading on the boiting system would
increase because the potential failure surface may take on a
rectangular appearance. This would lower the previously
calculated bolt system Factor of Safety.

A second destressing technique would be to drive a new entry
(Room 1A) between Room 1 and Room 2, abandoning Room 1 from
further use. This would provide two solutions. Room 1
would continue to deform and hopefully fail. Because Room
1A is only 33 ft away from Room 1, the lateral deformation
of the roof should be slowed. Also, Room 1A would have a
higher probability of remaining stable through the 1ife of
the test simply as a result of the “newness" of the entry.
The disadvantages of such an approach are obvious. Driving
a new room would create other operational problems in Panel
1. In addition, the effects of a 33 ft wide pillar on room
deformation at the WIPP site are unknown.

A third suggestion has been made by Mr. Jack Parker.

Driving a small opening close to Room 1 at a horizon
equivalent to the roof salt. This idea seems most appealing
to me. I will leave Mr. Parker to describe this technique
in greater detail.

Additional intrinsic support - Three types of additional intrinsic
support should be considered: meshing, lacing, and trussing.
Clearly a wire mesh should be used in Room 1 to assist in
securing small salt pieces. Lacing is a technique I believe
Dr. Miller will be discussing in greater detail, therefore,
I will not discuss it here.

Roof trusses have been successfully used in the mining
industry to stabilize roof subjected to high horizontal
movements (Mangelsdorf, 1988). Truss bolts may have the
ability to support an existing wedge of salt in Room 1.
Several truss bolt systems are currently available (figure
3). The Classic Birmingham truss has the capability to
support high loads under considerable deformation. The
Locotos truss is a more rigid system but due to the
mechanics of the salt wedge this system may be able to
withstand considerable deformations. The Seegmiller truss
with Dywidag bolts and slip nuts theoretically has the
capacity for considerable deformations. Finally, the
Dywidag truss has recently been tested at the Beth Energy
Mines and allowed 14 inches of vertical movement without
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failure. Five factors should be considered in designing a
truss system in salt: 1) the supports should be installed
with a small amount of tension; 2) the initial shearing




process should relieve tension in bolt anchors, (due to the
lateral movement of the anchor and the downward movement of
the roof); 3) the curvature of the roof will generate
tensioning in the central rods causing the brackets to slip;
4) oversized holes would allow for more truss freedom of
movement across the shearing plane; and 5) a 50% efficiency
can be expected. All1 of the above truss systems will be
discussed in some detail in my presentation with comments on
the advantages and disadvantages of each technique.

Supplemental supports within the entry - Several types of supplemental

support systems exist which could be designed to withstand
the 20 to 30 inches of movement Panel 1 is expected to
experience over a nine year period.

Wood cribs - Properly designed wood cribs can yield at loads
slightly in excess of the dead weight of the salt wedge and
mobilize enough deformation to withstand the total vertical
movement expected over the 9 year life of the room. The
stiffness of crib is dependent upon the height, width and
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Figure 4. An example of the load-deformation characteristic of a wood
crib.
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contact area of the crib. It is also affected by the size
and character of the individual wood pieces. Testing at the
Bureau of Mines has illustrated the behavior of certain size
and shape wood cribs (Barczak and Schwemmer, 1988; Barczak
and Tasillo, 1988; and Barczak and Tasillo, 1991) and is
illustrated in Figure 4.

Yielding jacks - Several manufacturers have yielding jacks
that can hold 90000 1bs over 24 to 36 inches of
displacement. Dywidag, Seegmiller, and USBM have installed
these jacks under various conditions.

Concrete Tilled tTires
700
600
500 + m
[0)]
9 400 -
N
8 300 |~
O
|
200
100 -
8] | i i
9] S 10 15 20
Displacement, inch
Figure 5. - Load deformation characteristics of the concrete and rubber
pier.

Concrete and rubber piers - An experimental concrete and
rubber pier has been tested at USBM which has the capacity
to withstand large deformation under constant load. An
example of the load-deformation characteristic of one of
these tests is shown in figure 5.

Arch canopy - Arch supports have been extensively used in
mining and civil engineering applications. The advantages
of arch supports are: 1) elastic-plastic load deformation
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Figure 6. Load deformation characteristics for arch support system.

characteristics (Figure 6); 2) can be placed around existing
equipment; 3) come in various shapes; 4) can be fitted to
rectangular geometries using the preloaded roof cambered
beam system; and 5) can be installed by professional
construction crews. The disadvantages of arch supports are:
1) dead loads that exceed ultimate load carrying capacity of
the arch could cause sudden collapse; 2) approximately 6 to
12 inches of clearance are needed; 3) the arch structures
are heavy; and 4) the yield points of leg supports can be
affected by torque, surface conditions and bending of the
metal (See Allwes and Mangelsdorf, 1988; and Allwes and

Mangelsdorf, 1990).
2. The maintenance activities that will be needed in the room.

Several temporary support systems could be used which would supply
additional stability during maintenance activities.

Air bags - Air bags have been used extensively in civil
engineering applications to hold unstable strata. These
devices lack the ability to withstand large deformations but
may prove useful in temporarily stabilizing hazardous
ground.
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Spring support systems - Spring support systems have also
been extensively used in civil engineering applications to

# allow structures to deform under constant load. Placement

: around critical devices in Room 1 could provide adequate

" stability during retrieval of waste containment units.

" Mobile roof support system - The USBM has developed a

s» remotely operated Mobile Roof Support machine which can
place and retrieve temporary roof support. This device

= would prove useful in the installation or retrieval of some

above listed support techniques.

e 3. The need to remove the cables for the bin scale tests in order to
install additional support.

I am not convinced that this would need to be considered in light of

. some of the techniques discussed above.
ma STATEMENT NO. 5
. The geomechanical monitoring program and the routine observations in

Panel 1, can provide sufficient warning to allow the timely retrieval of
the waste from the Panel.

Assumptions

1. In an emergency, all waste can be removed from the room within a 6
month period.

Factors to be Addressed

1. The adequacy of the geomechanical database developed at the WIPP
provides an adequate basis to predict and provide early warning of
ua deteriorating conditions in Room 1.

- I believe the installed geomechanical database developed at the WIPP
provides an adequate bases to predict deteriorating conditions within
Room 1.

) 2. The adequacy of the present geomechanical instrumentation, installed
: in Room 1 is adequate to provide early warning of deteriorating
conditions.

; The current geomechanical instrumentation in Room 1 should be
supplemented with devices to monitor roof support behavior. The ability

= to provide early warning of roof falls will need this additional
information.

3. The adequacy of the proposed additional geomechanical instrumentation
to be installed in Room 1 to provide early warning of deteriorating
conditions.
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An early warning of roof failure should consist of 4 parts: 1) strata
deformation measurements, 2) geophysical measurements, 3) support
reaction measurements, and 4) observational data.

4. The criteria to determine when removal of waste becomes necessary.

A1l of the above information should be utilized by the mine management
to assess the potential for impending instabilities. However, I
strongly recommend that a rigid procedure for making this determination
be avoided. The information should supplement the decision making
process, not dictate the process. Mine management should have the
flexibility to base its decisions on the opinion of its experts not the
trends of its instruments.
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The summary report contains:

o) An accurate record of the meetings of the Geotechnical Panel on
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o A copy of the report provided to Westinghouse by this panel
member .

o An accurate presentaticr of the consensus agreed to by the panel
members at the meetings on the 23rd and 24th of April 1991.
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1.0 INTRODUCTION

On February 4, 1991, a substantial roof fall occurred in Room 1
of the Site and Preliminary Design Validation (SPDV) area. At
the time, the Room had been open for eight years. Similar signs
of deterioration, but at a less advanced stage, can currently be
seen in adjacent rooms which are of approximately the same age,
dimension and lithology. A second experimental area, designated
as Panel 1, has been excavated to similar specifications but at a
later time such that the age of rooms in Panel 1 is approximately
three years less than those in the SPDV area. Room 1 of Panel 1
is designated to receive waste for experimental purposes, and
therefore questions regarding its stability have been raised.

At the request of Westinghouse Electric Corporation, this report
is being prepared in order to address a series of specific ques-
tions related to the stability of Room 1 Panel 1. These ques-
tions are enclosed as Appendix 1 for reference.

In order to provide background information on which to base the
stability assessment, a review meeting was held in Carlsbad on
April 9 and 10, 1991, which included an underground tour at the
WIPP site. A periocd of approximately one week was then provided
in order to complete the assessment and reporting. The approach

and rigor of this assessment must necessarily reflect this brief
allocation of time.

1.1 Methodology

The strata in which the Rooms are located are primarily comprised
of halite, with nearby thin beds of clay and anhydrite. Creep is
a significant factor in the deformational characteristics of
these strata. More importantly, from a stability point of view,
fracturing also occurs. Development of fractures in a creep sus-
ceptible material complicates considerably the ability to under-
stand and predict rock mass behavicr. Either creep or brittle
failure can be modelled with available computer codes, but cur-
rently there is no constitutive model available to allow simula-

tions to be made of a creep susceptible material that can also
develop fractures over time.

Practical experience 1s available from coal, potash and salt
mines (brittle rock under high stress alsc exhibits creep if suf-
ficiently fractured) in terms of support practice, excavation ge-
ometry effects and the like, which can be applied to the WIPP
site. However, 1in order to make use of this collected experi-
ence, it 1s essential to understand at least in qualitative
terms, something of the fundamental mechanics of the way in which
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the rock mass is behaving at the WIPP site in order that the cor-
rect experience is borrowed.

In order to address the specified questions in a meaningful man-
ner, therefore, a conceptual model of the rock mass behavior will
be proposed, based on observations from site. The model will ke
gualitative and incomplete, and this will be accounted for in the
manner in which the questions are answered.
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2.0 CONCEPTUAL MODEL OF ROCK MASS BEHAVIOR

Fracturing and deformation of the rock mass around test rooms has
been documented and discussed by various authors (e.g. Stormont
1990, Cook 1991). This information provides a reasonable under-
standing of the mode of rock mass behavior. The next step in un-
derstanding the rock mass behavior is to develop a conceptual me-
chanistic model to explain why the observed mode of behavior oc-
curred.

The data on which the model will be based has been obtained from
numerous excavations at the WIPP site. Due to the high degree of
geological uniformity at the site, and the observation that
similar modes of behavior seem to be occurring in all rocoms of
similar dimension, it is reasonable to generalize the data in de-
veloping a single representative model for the rooms in Panel 1
and the SPDV area. As a starting point for the discussion,

reference is made to two Figures summarizing observed modes of
behavior.

Based on visual observations and instrumentation data, Stormont
(1990) illustrates the typical fracture patterns observed around
test rooms, Figure 1. Roof fractures are absent from his sketch,
possibly because they had not developed at the time his observa-
tions were presented. Cook (1991) also shows in sketch format,
Figure 2, the main aspects of deformation and fracturing observed
in Room 1 of the SPDV area where the ground fall occurred. To
assist in developing the conceptual model, various factors af-

fecting the observed behavior will be discussed separately in the
following sections.

2.1 Effect of Stress and Rocm Geometry

Based on the results of in situ stress measurements, the virgin
stress field at the WIPP level is hydrostatic. This is expected
in creep susceptible rocks which deform in order to minimize and
dissipate shear stresses. Nominal dimensions of test rooms are
33 ft width, 13 ft high and 300 ft long. Figure 3 illustrates
the main features of stress redistribution around an opening of
width to height ratio 2:1. The slightly higher aspect ratio of
the test rooms will show similar patterns. The most significant
aspect of the resulting stress field is the development of high
shear stresses near the excavation corners. Tensile stresses are
induced in the roof and floor, but overall, the total stress
field in these areas remains compressive.



For salt, as with most rock types, areas of high shear stress

will be more susceptible to fracturing than areas subjected to
more uniform compression. Creep also occurs in zones of high

shear stress, but not in zones of pure compression.

A correlation has been made between drift span and the number of
boreholes in which fracturing was observed. This correlation is
shown in Figure 4. As span increases, there is a significant in-
crease in degree of fracturing observed. From the underground

visit, it was also noted that the smaller span access drifts did

not exhibit the fracture development seen in rooms with 33 ft
spans.

It is possible, therefore, that some threshold level of shear
stress is exceeded in the larger span rooms which leads to frac-
turing in addition to creep behavior, rather than creep alone.

It is also possible that the lower shear stress level in smaller
span drifts results in fracturing taking place over a longer time
period. The important inference is that it may be possible to
limit the onset or rate of fracture growth by reducing the mag-

nitude of shear stress to levels found arocund excavations of
smaller span.

2.2 Effect of Geology

The stress distributions referred to in Figure 3 are for a
homogeneous isotropic linearly elastic material. Figure 5 shows
the stratigraphy in the vicinity of the WIPP excavations, which
is far from homogeneous. Stress distributions will be affected
by geology due to variations properties such as stiffness and
strength. The distribution of creeping versus non-creeping
materials will also affect the stress distribution with time.

This is important where anhydrite is adjacent to salt, as with
marker bed MB139.

Instrumentation results show that slip occurs on clay seams lo-
cated near the excavations i.e. at the anhydrite "a" and "b"
seams above the roof and along the lower boundary of marker bed
MB139 below the floor. Shear slip is also a means of dissipating
shear stress and altering the flow of stress around the excava-
tion. Additionally, the immediate rcof and floor will act as
"peams" rather than as continuous portions ¢of the rock mass.
Stormont (1990) shows that shear displacements also occur on a
clay seam located between approximately 32 and 38 ft above the
roof of the test rooms. This observation illustrates the poten-

tial low strength of clay seams and the extent of influence of
the excavation.
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Fracturing of marker bed MB139 is probably related to its higher
stiffness, and lack of creep behavior. Despite the salt layer in
the immediate floor being of lower strength, higher stresses
could be induced in the anhydrite due to its higher stiffness.
Shear stresses induced in the salt layer could dissipate through
creep leaving the higher strength anhydrite to bear an increasing
load. Subseguent fracturing of the anhydrite would in turn
result in its load carrying capacity being reduced. Load would
then again be transferred to the relatively thin beam of salt in
the floor. Observations indicate that fracturing of the salt
beam does occurs after the anhydrite has become fractured. The
role of weak parting planes, particularly that of anhydrite "b",
is therefore important to account for.

2.3 Effect of Creep

The ideal excavation shape in a hydrostatic stress field is cir-
cular. This shape has the least concentration of shear stresses.
Rooms in the SPDV and Panel 1 areas have a relatively high aspect
ratio which results in high shear stresses near the corners of
the excavations. Creep occurs most quickly where there are high
shear stresses, and over time, creep will tend to reduce shear
stress magnitudes and gradients. ’

As creep occurs, displacements, or strains, occur. From
laboratory test results, the rate of strain is also greatest in
areas of high shear stress, and it is reasonable to assume that
if the rate of strain is high encugh, the material behavior will
be brittle rather than ductile. Brittle failure, or fracturing,
will therefore most likely occur in those areas of highest shear
stress. This is consistent with the locations of observed frac-
turing around the excavations.

If laboratory data on the effect of loading rate on the behavior
of salt is available, it may be possible to correlate this with
shear strain rates predicted from computer models of rooms of

various sizes. These results could then be compared with obser-
vations.

There are many other aspects of creep.which could influence the
stability of the strata immediately around the experimental
rooms, such as the way in which the "stress arch" may migrate
away from the roof and floor strata. Horizontal compressive
stresses are known to be beneficial in negating the effects of
induced tensile stresses. Movement of these confining stresses
away from the excavation roof may contribute to the time depen-
dent stability problem.
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These effects cannot be addressed in this study, but should
certainly be considered in a more thorough analysis.

2.4 Effect of Rockbolts

Mechanically anchored rockbolts of 10 ft length were installed in
Room 1 Panel 1 two years after the completion of excavation. No
effect on convergence has been seen. There is concern, there-
fore, as to the effectiveness of rockbolts in arresting the de-
velopment of potential failure surfaces in the roof, or indeed,
their ability to suspend a wedge in the roof should it become
detached.

The problem of rockbolt effectiveness is of great importance as
rockbolts are traditionally the most common means of stabilizing
potentially unstable rock conditions. Unlike passive support
such as cribs or packs placed against the surface of the excava-
tion, rockbolts are not invasive and would not interfere with the
movement of personnel or machinery in the rooms.

Considering the creep behavior of salt, however, mechanically an-
chored bolts are not believed to be a good choice of bolt type.
These bolts develop their load carrying capacity by generating
high contact stresses at the anchorage. This could be relaxed
with time through creep. Also, as the rock contained between the
anchorage point and the face of the excavation also creeps, it is
quite possible that the bolt would be kept in tension. This pro-
cess would cause the anchor wedge to push the shell into the
salt, which could eventually result in the wedge pulling through
the shell resulting in complete failure of the bolt. For a num-
ber of reasons, therefore, it 1is considered that mechanically an-
chored bolts are a poor choice for use in salt.

Building on the concept that salt creeps in response to shear
stresses, it is most likely that bolts which generate their an-
chorage by inducing only small shear stresses would be most ef-
fective. In mining, long bolts are normally replaced by cable
bolts, which are basically long grouted cable ropes. When this
type of bolt is locaded, shear stress builds up along the
grout/rock interface being largest near the load and decaying
along the length of the bolt. 1In a creep susceptible material,
it is most likely that the shear stress would migrate along the
length of the bolt with time to a more favorable distribution,
and that the resistance of the bolt could be maintained for a

long period of time relative to the desired experimental time
frame.

Strategic location ¢f rockbolts in a stress field with a high
compressive stress normal to the axis of the bolt would also fa-
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cilitate the maintenance of a high bond shear stress. This is an
aspect which can be readily addressed by conventional numerical
modelling.

With regard to the mechanical bolts currently in place, it quite
likely that they are not very effective. Even if the load is
being maintained, the mechanism by which the fractures in the
roof develop is unlikely to be affected at all by the bolts.
This mechanism will be enlarged on below at which point the ef-

fectiveness of the bolts currently in place will be discussed
again.

2.4 Numerical Mcdelling of Experimental Rooms

As stated above, it is not possible at this time to develop a
model incorporating both creep and brittle fracture behavior.
Instead, a simple elastic model will be used. Since the rate at
which excavations are mined is fast relative to creep time con-
stants, the elastic state of stress will most likely provide a
reasonable approximation to the state of stress existing in the
short term. While it is recognized that it is not necessarily
the correct model to use, it will be of use for conceptual pur-
poses. In conjunction with some of the concepts discussed above,
it is believed that a reasonable interpretation of the mechanics
of the room behavior can be made. The particular code used is
FLAC, developed by Itasca Consulting Group Inc.

Figure 6 shows contours of principal stress difference (actually
twice the maximum shear stress) around an excavation with the
same geometry and stress conditions as those in Panel 1. The
model boundaries are more extensive than shown as only the area
of immediate interest is shown in the figures. Also, due to the
use of symmetry, only one quarter of the excavation is shown.

For the immediate purpose of this discussion, absolute magnitudes
of stress (in psf here) are unimportant. Rather, it is relative

states of stress between the various models that will be dis-
cussed.

The figure shows that as expected, the largest shear stresses are
found at the corners of the excavation. Qualitatively, the shape
of the high shear stress "bulb" does in fact angle upward over
the roofline. Figure 7 shows principal stress vectors for this
same model. This is included for reference purposes.

A significant effect on the stress distribution shown in Figure 6
is brought about by introducing a plane with low fricticnal
resistance at the position of the anhydrite "b" layer. As a
coarse approximation to this clay layer, a plane of zero fric-
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tional resistance is modelled. Figures 8 and 9 show shear stressg
contours and principal stress vectors, respectively, for this
model. The horizontal line above the room marks the location of
the slip plane. When compared to Figures 6 and 7, the effect of
the slip plane is seen to relieve shear stress and to change the
orientation of principal stresses.

As a result of this process, the shear stress magnitude in the
corner of the roof (slightly over the excavation) 1is increased,
and the roof beam formed is placed in a state of higher uniaxial
compression. These two factors alone could aggravate the devel-
opment of shear fractures in the roof due to high shear strain
rates. Floor fracturing could also occur through the same me-
chanism, but will be complicated by the effect of marker bed
MB139 as described above. Floor stability is not as important as
that of the roof, therefore, attention will be focussed mainly on
roof stability.

Given the uniformity of the clay layer at the anhydrite "b" loca-
tion and the high magnitude of shear stresses developed, it is
likely that, at least above the corners of the rooms, some amount
of shear slip occurs during excavation. Instrumentation would
not be able to see this slip as it would already have occurred
prior to installing any instrument. In the same manner, the
driving mechanism of generating the high shear stress would be
unaffected by rockbolts, which would also be installed after ex-
cavation.

To account for the asymmetrical development of the shear frac-
tures in the roof, it must be recognized that a rock mass is not
uniformly strong. Spatial variaticns in strength will most like-
ly lead to the initiation of fracturing at random points along
the roof edges. Once a particular fracture has propagated up to
the anhydrite "b" layer it would be arrested. Growth of the
fracture on the opposite side of the rocf would probably not be
arrested however, as the driving compressive stresses could still
be transmitted around the edges of the fracture surface. Comple-
tion of the fracture to the anhydrite "b" layer would therefore
not necessarily result in the creation ¢f a "stress relieving"
surface. Flow of stress in the roof beam wculd become gquite com-
plex, certainly more than can be reasonably deduced here.

Creep is also believed to form an important part of the driving
mechanism for sustained fracture growth in the roof. Referring
to Figure 8, high shear stresses exist in the sidewalls of the
room. Fracturing nhas been observed in the sidewalls (see Figure
1) which 1s consistent with this point, but the sustained driving
mechanism for roof failure is probably rooted in the lateral
creep of salt caused by high sidewall stresses . The sidewalls
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of the room effectively behave as high stress pillar edges.
Lateral creep can be thought of as being induced by slow founda-
tion heave, a phenomencn observed also in non creeping rock. The
most important aspect of this mechanism is that even if fractures
in the roof beam have formed a complete wedge, as shown in Fig-
ure 2, continued lateral movement of the sidewall foundation
would continue to push inwards, thereby driving the roof wedge
downwards.

One further aspect of asymmetrical fracture growth which should
be considered is the possibility of forced cantilever bending.
The "intact" side of the resulting cantilever would be bent as
the opposite side becomes forced down by the inward movement of
the sidewall part of the roof wedge. This process could lead to
induced tensile stresses on the upper side of the roof beam on
the cantilevered side of the beam. Only careful observation of

- the fracture surface growth and displacement of the roof beam

would completely resolve the mechanism.

Shear dislocation on the fracture surface would occur during
downward dislocation of the roof wedge, and the effect of this on
rock bolt integrity must be considered. Also, once the beam has
been sheared through on both sides to form a wedge, the horizon-
tal stresses in the roof beam could be greatly reduced. These
horizontal stresses could act to stabilize the lateral deforma-
tion of the sidewall foundation, and once the restraining pres-
sure is relieved it might be possible that lateral creep would
accelerate. Convergence measurements prior to failure showed an
acceleration in the rate of closure, but the complicated nature
of failure processes may involve other mechanisms.

2.5 Summary of Main Aspects of Failure Mechanisms

This section highlights some of the more important aspects of the
preceding discussion. The proposed mechanisms should be consid-
ered hypothetical at this stage, but there is some consistency
with observed behavior and general knowledge of salt and rock be-
havior. It is strongly recommended that access be allowed to
Room 1 of the SPDV area to inspect in detail the collapse sur-
faces. Valuable information on the failure process may be
gained.

1) High shear stresses are induced in the corners of the rooms

due to the width to height ratio in a hydrostatic stress
field.
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The clay seams located near the rooms allow slip to take
place, increasing the concentrations of shear stress and
delineating beams in the roof and floor. As part of the
stress redistribution caused by slip, horizontal stresses
in the beams are increased.

Higher horizontal stresses are induced in marker bed MB139
due to its higher stiffness and non-creeping behavior.
This leads to fracturing and dilation beneath the rooms.

As failure cccurs in MB139, more load is transferred to the
thin salt beam in the immediate floor. As a result of
this, high shear stress will be induced in the ends of the
floor beam near the sidewalls.

Fracturing of salt will occur if some critical shear stress
level is exceeded, as the rate of strain will be higher
than a level which can be accommodated by creep. This will
lead to fracture growth and initiation in the floor beam
prior to the roof beam. Fracturing will initiate .preferen-
tially on the boundary of the room and propagate inward,
rather than initiating within the rock mass. This is sig-
nificant in that roof instability should not be a problem
until a reasonable amount of. fracture growth is seen on the
surface of the rooms.

Fracture growth in the salt in both roof and floor will
probably be asymmetrical due to variations in local
strength. It is most likely, however, that even when a
fracture on one side of the room has propagated completely
through the beam, the flow of horizontal stress arocund the
fracture surface in the longitudinal axis of the room will
still lead to continued fracture growth. The existence of
the fractures does not necessarily lead to stress relief.

Creep of the sidewall foundaticns provides a sustainable
driving mechanism to push the resulting roof wedge down.
Separation of the wedge from the overlying clay seam would
be expected. Along with shear displacement on the fracture
surfaces, dilation related cpening would be expected.

Mechanically anchored rockbolts are not the most suitable
type of bolt tc provide long term support resistance in a
creeping material. The rockbolts currently installed in
Panel 1 Room 1 are probably not be contributing much in ar-
resting fracture initiation and growth as they will not af-
fect the magnitude of shear stresses responsible for frac-
turing.
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The length of rockbolt currently used (10 ft) is considered
too short to provide good anchorage above the anhydrite "p"
layer. Longer fully grouted bolts should be considered.
Advantage could be taken of placing rockbolts in zones
where there would be a compressive component of stress
normal to the axis of the bolt.

The effect of creep on fully grouted rockbolts or cable
bolts needs to be examined before reliability figures can
be assigned to their sustained support resistance.

The effect of creep on redistribution of stress in the time
frame of the required room life should be examined. It is
not expected to drastically alter the picture presented
above, but is required for a better understanding of the
problem.

Due to the qualitative nature of the conceptual model,
quantitative assessment of stability cannot be addressed.
Experience gained from other sites will not necessarily
apply to the WIPP site unless similar mechanisms are at
work. To assign confidence levels in terms of a probabil-
ity to any recommendations cannot be done. It is possible,
however, to make qualitative statements regarding. con-
fidence levels, which is commonly the case with engineering
judgment, but the probability of the outcome must remain
unquantified.
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3.0 SUGGESTED REMEDIAL ACTION

Having defined at least in qualitative terms some aspects of the
basic mechanisms operating at the WIPP site, a more realistic ap-
proach to developing remedial measures can be taken. The problem
at hand is to carry out some action which will increase the ex-
pected life of Room 1 Panel 1. The solutions to be discussed
will be limited to being applicable to the existing rooms and not
to future room layouts.

From the preceding discussion, high shear stresses in the roof
near the sidewalls cause fracture initiation and growth. The
main factors in causing the shear stress are the aspect ratio of
the rooms, the stress field, and the slip on anhydrite "pb"
delineating a beam. It 1s not possible to do anything about the
anhydrite "b" layer in the existing rooms, but the stress field
can be changed by further excavation or slot cutting. Support in
terms of longer grouted anchors will also play an important role.

Attention will be focussed on roof stability. Floor instability
is not as important, and evidence suggests that floor fracturing
in Room 1 is sufficiently advanced that a wedge has already been
for-=2d. The floor component of convergence is not available at

the time of writing, but it has been suggested that after approx-
imately five years, this component reduces. Likewise, sidewall

stability is not seen to be a problem and will not be considered.

3.1 Some Possibilities

Categories of remedial action are:
i) Cutting slots.

i1i) Excavating nearby openings.
iii) Additional support.

Additicnal support will result in the least disrupticon to the
current experimental program, but it dces not eliminate or change
the reason for the development of failure. However, it is recom-
mended that additional support should be installed as soon as
possible, but it should be done in conjunction with action to
modify the stress field. Areal support such as mesh would also
be of benefit in containing loose material, which would increase
personnel safety and help to reduce maintenance such as scaling.

Due to the large size of the pillars separating rooms, the cption
to excavate nearby openings is viable. The purpose of these
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rooms would be to result in a reduction of shear stress con-
centrations in the experimental room boundaries. For example, a
small excavation located a short distance into the sidewall could
result in the intervening pillar acting as a yield pillar. Fig-
ure 10 illustrates the concept. The yield pillar would have to
be of sufficiently small width that its load carrying capacity
would be limited. Foundation stresses would therefore be limited
which would in turn limit the development of shear stresses.
Shear fracturing would still develop in the "sacrificial" rooms,
but should failure of the beam take place, it would be supported
by the yield pillar, and of course, by rockbolts.

A number of variations of this layout are possible, such as in-
creasing the height of the sacrificial rooms up to the anhydrite
"b" layer and down to the clay seam below MB139. This would ef-
fectively isolate the roof and floor beams, but could lead to the
formation of an additional roof beam between anhydrite "b" and
"a". The consequences of this action cannot be accurately
predicted at this time.

A further possibility for use of additional excavations would be
to create rooms of smaller span in the middle of the existing
pillars. As shown in Figure 4, a reduction in room span results
in more stable conditions. The smaller span rooms could be used
for experimental purposes due to their longer anticipated stable
life. This solution, however, would not stabilize the existing
rooms.

In general, excavation of additional openings to alter the stress
field is conceptually sound, but contains numerous practical dif-
ficulties. Given the circumstances at the WIPP site, it is un-
likely that these soclutions could be carried out with sufficient
reliability to provide the desired effect. 1In a mining envircn-
ment this would not necessarily be a problem as some degree of
experimentation with remedial measures is cften carried out.

This flexibility may not exist at the WIPP site.

Slcts cut into the sidewalls or roof can affect the distribution
of stress significantly without the need for additional excava-
tion. Slot cutting in salt could be done using standard equip-
ment used in coal mines. Slot depths of 8 ft to 10 ft could
quite easily be mined, and with simple modificaticns, deeper
slots could be cut.
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For the rooms in Panel 1, slot cutting offers a relatively Simple
means of changing the stress field. 1In conjunction with addi-
tional rock support, this option seems to offer an effective
means of extending the life of the rooms.

3.2 Location of Slots

This section considers the relative merits associated with plac-
ing slots at various positions in the rooms. Use was made of
numerical modelling to carry out this comparison. As before,
simple elastic models were used. In each case, a slip plane was
placed at the locations of the clay seams above and below the
rooms. Due to symmetry, only half of the actual geometry is
modelled, with the vertical centerline of the rooms being taken
as a plane of symmetry.

Figures 11 and 12 show contours of principal stress difference
(twice the maximum shear stress) and principal stress vectors,
respectively, around a room with the same geometry, stress and
boundary conditions as the rooms in Panel 1. A window containing
only the area of interest is shown, and actual model boundaries
extend further away from the room. Reference will be made to
these figures when examining the effects of placing slots at var-
ious locations.

3.2.1 Horizontal Slot in Sidewall at Roof Level

Figures 13 and 14 show principal stress difference contours and
principal stress vectors, respectively, for the case of a
horizontal slot of length 10 ft placed in the sidewall at the
roof level. In cocmparison to Figures 11 and 12 the effect of the
slot is to shift the zone of high shear stress in the roof beam
into the sidewall above the slot. If a deeper slot had been cut,
the shear stress would be shifted further in. Due to considera-
tion of the thickness of the roof beam, however, a 10 ft slot is
considered adequate depth.

The magnitude of the shear stress is essentially unaltered from
the case where no slot is used. Similarly, horizontal stress
magnitudes in the roof beam are not significantly affected. At
the location where the shear stress fractures tend to develop,
however, shear stress magnitude is significantly reduced. It
would be expected, therefore, that further growth of shear frac-
tures over the edge of the roofline should be arrested. New in-
itiation and growth of shear fractures would be expected to start
above and at the back of the slot.
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Given the time period over which the roof fracturing take place,
namely, visible initiation after approximately five years, and a
growth period beyond that, overall failure would be delayed by
this strategy.

In addition to the slot, a significant support effort in terms of
long grouted cables should be implemented. Support of the sepa-

rated roof beam could therefore be provided for, should this oc-

cur during the period in which the experiments are being carried

out.

A further aspect of support which should be considered is the
slot itself. The width of the slot will be less than 1 ft when
cut. This dimension could be modified if desired, but it is pos-
sible that due to convergence, contact could again be re-
established between the top and bottom surfaces of the slot,

This is not entirely undesirable, as a reintroduction of normal
stress will reduce the shear stress concentration around the tip
of the slot. Provided the slot surfaces do not become locked,
i.e. they would slip, high shear stresses would not be .
regenerated. Also, should the fracture at the back of the slot
propagate completely through the roof beam on both sides of the
room to delineate a roof wedge, the sides of the wedge would be-
come supported by the lower half of the slot even if considerable
slip of rockbolts would occur.

If the roof wedge were to rest on the lower surface of the slot,
it would be necessary to ensure that the weight of the wedge
would not result in failure of the sidewalls. This mode of fail-
ure is not likely to occur, but should be examined more carefully
if this option is o be implemented.

The advantages of horizontal slots are therefore:

i) Shear stress is relieved at the roof/sidewall location and
transferred into the sidewall.

ii) Shear fracturing at the edge of the roocf should be arrested
due to the large reduction in shear stress magnitude. Shear
fracturing at the end of the slot would probably initiate,
but would not be of concern for a number of years.

iii) The lower half of the slot could provide support should a
wedge be formed by fracturing. Rockbolt support would also
provide support resistance.

The major disadvantage of this type of slot is that fracturing
would not be eliminated.
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3.2.2 Vertical Slot in Roof at the Room Sidewall

Figures 15 and 16 show principal stress difference contours and
principal stress vectors, respectively, for the case of a verti-
cal slot in the roof at the sidewall. The slot is extended up to
the clay seam below anhydrite "b". There is a significant reduc-
tion in shear stress magnitude all around the roof and the slot
itself. The major reason for this is the slip and shear stress
relief caused by the slip plane. In reality, some degree of
frictional resistance would exist, and shear stress dissipation
would not be as dramatic. In this sense, the clay layer acts as
a pre-existing stress relief slot.

If slots are cut at both sidewalls, the roof beam would detach
along anhydrite "b", requiring that rockbolts carry the full dead
weight of the resulting block. Provided that long term load car-
rying capacity could be maintained, the weight of the block could
easily be supported by rockbolts.

Note that this latter option is effectively the same as if the
roof were to be taken down. This practice would be an acceptable
solution in a mining environment. However, by enlarging any ex-
cavation, problems may develop in the strata exposed. shear
stress failure could take place higher up. Risk of disturbing an
even larger volume of rock always accompanies excavation enlarge-
ment. This possibility would need to be examined more carefully
if this option were to be considered.

A slot cut along a single sidewall would provide stress relief,
but over time, lateral creep in the sidewall foundation would
tend to push the remaining roof beam into the slot. The effect
of this shearing action on rock support is not known, and would
have to be addressed if this option were to be used. To enhance
the effectiveness of rockbolts in this case, it may be of benefit
to incline the directicon of the bolts away from the side on which
the slot would be cut. This would reduce the effect of shearing
somewhat. Oversized boltholes would alsc be of benefit.

Advantages of this type of slot are:

1) A high degree of stress relief in the roof strata.

ii) Further stress fracturing is unlikely.

Disadvantages are:

i) The full dead weight of the roof beam must be supported in

the long term by rockbolts (cribs could be used but would
interfere with the purpose of the rooms).
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ii) With the increased effective height of the room, there could
be a secondary effect on overlying strata, particularly the
subsequent beam formed between anhydrite "b" and "a", or
higher at the 32 to 38 ft level where slip has already been
observed. It would be prudent to install rockbolts into the
strata above anhydrite "a",

ii) The effect of shear dislocation of the roof beam on rockbolt
integrity brought about by creep would need to be examined
if only one slot were to be cut.

3.2.3 Vertical Slot in Roof at Center of Room

A single slot cut in the center of the roof up to anhydrite "b"
would have a similar effect to a vertical slot cut in the roof at
the sidewall. Figures 17 and 18 show principal stress difference
contours and principal stress vectors, respectively, for this
case. Shear stresses shown in Figure 17 in the rocf beam above
the abutment are most likely related to bending of the beam as a

cantilever. Rock bolting would eliminate this bending and these
shear stresses.

Essentially the same advantages and disadvantages apply to this
option as for the vertical slots at the excavation sidewalls.

3.3 Most Favorable Slot Location

There are advantages and disadvantages to each slot location dis-
cussed. The vertical slots result in the most favorable stress
distributions as the shape of the resulting "excavation" has a
more favorable aspect ratio for the hydrostatic stress field.
However, the requirement that rockbolt support perform well is a
more important requirement for continued stability. Effective
rockbolt support can most likely be provided if long grouted an-
chors are used, but this remains to be proven.

The horizontal slct option will most likely result in further
stress fracture growth near the end of the slot, and again, the
requirement for rockbolt support. However, should rockbclt sup-
port not be completely effective, the lower part of the slot
could still provide additional support. While this option may
not be as favorable with regard to stress distributions and frac-
turing, it has merit in terms of less risk in terms of what might
be expected.

Further study to resolve some of these issues is clearly indi-
cated. Once some of the uncertainties have been resolved, the
most favorable choice should kbecome apparent.
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3.4 Monitoring and Further Experimentation

While there is a wealth of data concerning rock mass behavior at
the WIPP site, much of the instruments were placed prior to the
development of fractures. In view of the behavior now being ob-
served, an important aspect of monitoring is to help identify and
confirm the mechanics of the failure process. With this new ob-
jectives in mind, additional instrumentation should be installed.

One of the most critical aspect of the suggested remedial
measures is the performance of rockbolts. It is highly recom-
mended that the effectiveness of fully grouted rockbolts be exam-
ined experimentally, by installing instrumented bolts. The ob-
jective of these tests would be to quantify the time dependent
load deformation characteristics of the bolts.

Due to the time required for such an experiment, it is also
recommended that rockbolt effectiveness be examined numerically.
A model of a rockbolt embedded in a creeping material could be
constructed, using a creep constitutive model calibrated for the
WIPP site. Figure 19(a) shows how such a model could be con-
structed.

The capability to carry out the latter simulation exists in the
FLAC code used to perform the elastic analyses presented in this
report. Once the behavior of a single rockbolt is understood in
detail, the rockbolt constitutive law in FLAC could be modified
to conform to the calculated creep response. A simulation of the
test room with rockbolt support, such as depicted in Figure 19(b)
could then be carried out. The predictions ¢of the numerical "ex-
periment” of the rockbolt pull test could be compared with the
experimental bolt as results became available, and any correc-
tions made.

When designing a rockbolt support pattern, efforts should be made
to keep the bond shear stress as low as possible., It would be
prudent, therefore to incorporate a reasonable factor of safety
when computing the shear stress based on the locad to be carried.
The results of the pull tests would alsoc be useful, as they would
indicate whether debonding would occur, or whether the shear
stress would be distributed along the length of the bolt with
time.
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3.5 The Role of Probability

If the probability of some event taking place can be calculated,
then there is some basis for making decisions involving risk. To
carry out a probabilistic stability assessment requires a good
knowledge of the basic mechanics of failure and the relevant pa-
rameters, or a reasonable data base of case histories.

For rooms in Panel 1 there is insufficient data to perform any
quantitative estimate of probability of collapse at a specified
time period, moreover, probability is only an estimate at best,
Particular geological weaknesses at a specific location under
consideration may place its time to failure anywhere on the prob-
ability curve. In this sense, information on probability is only
useful as general indication of stability for a large number of
rooms. For assessing the stability of a single room, detailed
observations would be required. Questions dealing with time
estimates for failure of Room 1 cannot therefore be addressed at
this time.

Failure data from other rooms can give guidance on the sequence
of events leading up to failure, and also an indication of the
time frame in which failure will take place, but, one zone of
weakness in the rock mass in the room of interest could cause
substantial differences in the failure processes to take place.
Monitoring and up-to-date interpretation of the rock mass behav-
ior is the most reliable means of predicting the development of
instability.
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4.0 RESPONSE TO SPECIFIED QUESTIONS

The questions to be addressed are reproduced in Appendix 1, Many
of the questions are related to quantifying factors such as room
stability or placing estimates of reliability on certain state-
ments. Given that the mechanical processes at the site are not
well understood, it will not always be possible to answer the
questions in a meaningful manner. For this reason, the back-
ground information and suggested remedial measures were presented
in the previous sections in order to provide reference material
while dealing with the questions.

4.1 Statement 1

This statement relates to the stability over time of Room 1 Panel
1.

Signs of roof fracture development are visible in this room, and
significant fracturing and deformation of the floor has occurred.
Based on the preceding discussion, it is not likely that the room
would remain stable for the required period of 11 (total) years
without remedial action. Similarly, limited action such as scal-
ing would be mainly cosmetic as it. would not affect the fundamen-
tal processes related to the development c¢f the failure process.

The "specific factors to be addressed"” relate to reliability
estimates which for reasons stated in the previous sections can-
not be quantified.

The life of Room 1 could be increased with confidence by adopting
the remedial action described in the preceding sections. These
measures should also eliminate the need for maintenance of the
roof for a reasonable period of time relative to the time frame
of the proposed experiment. As a further means of protecting the
bins from floor movements, it may be possible to mount the bins
on supports that are anchored to the room sidewalls. Floor heave
would therefore not be ¢f concern or cause any disturbance.

4.2 Statemenft 2

This statement refers to the effectiveness of rockbolts currently
installed in Room 1.

As stated, it is not likely that the rockbolts currently in-
stalled in Room 1 will be effective in supporting a wedge of the
type formed in Room 1 of the SPDV area. The rockbolt pattern and
the basis on which it was designed would be acceptable in frac-
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tured, hard, non-creeping rock, but the mechanisms at work at the
WIPP site are thought to be sufficiently different that alternate
design criteria should be used. Consequently, "factor of safety"
as currently calculated is most likely inapplicable, especially
considering the time dependent nature of the creep loading pro-
cess.

If vertical slots are cut, or any enlargement of the current room
size is made, there will be an increased risk of adversely af-
fecting strata above anhydrite "b" in the time frame of the ex-
periments. It is not likely however that any progressive upward
failure would take place as fast as with the current room geom-
etry. In view of the known large extent of strata disturbance,
however, the possibility should not be discounted. Adequate
monitoring should provide warning of such behavior.

In order to determine the effectiveness of rockbolts in accom-
modating creep, it 1is recommended that instrumented long grouted
rockbolts be installed. Concurrently with this, analyses of the
type proposed in the previous sections could be carried out.
Since performance of bolts in salt is not well documented, rock-
bolt behavior needs to be verified for design purposes.

4.3 Statement 3

This statement concerns the reliability of stability estimates
for Room 1 1in comparison to reliability estimates presently ap-
plied in mining practice.

As stated in section 3.5, probability estimates of failure as
currently performed require an understanding of the mechanics of
failure, the parameters involved and their numerical values, or a
database of case histories on which to carry our statistical
analyses. Uncertainty is normally associated with measurable
quantities, and reliability estimates assume that the analytical
model being used in the calculation is wvalid.

In the case of Room 1, it is far from clear exactly what model to
use for the failure mechanisms, or the parameter values involved.
In this context, therefore, there is insufficient information
available to carry out meaningful probabilistic assessments of
stability, particularly for prediction of stability longer than
the current age of rooms for which there is no information.

Geologic structures are by their nature stochastic in behavior at
various scales. Strength will vary spatially, and due to creep,
it will vary over time depending on the strain rates that may oc-
cur. These factors decrease the ability to determine precisely
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what will happen in a given situation. In typical mining en-
vironments, probabilistic assessments are seldom carried out, and
are mostly used for comparing risk associated with the outcome of
different courses of action. Experience is normally used as a
substitute. Levels of risk of less than 1 in 10% would not be
reasonable in mining situations due to lack of well documented
cases on which to base such precise computations.

4.4 Statement 4

This statement is concerned with modifications to the current
support system t¢o maintain stability.

Additional support is considered essential if the existing rooms
in Panel 1 are to be used for several years to come. However,
support alone is unlikely to be adequate. The use of rockbolts
as part of the remedial measures has been discussed previously,
and as stated, it is essential to determine how they will behave
over a period of several years. Additional support should also
include mesh to prevent fallout of smaller pieces of salt from
the roof. This will help to reduce maintenance activities.

If mesh is to be used, then it will be necessary to remove the
cables currently installed in the roof of Room 1. If a slot is
to be cut in the sidewall at roof level, then this will also re-
quire removal of the cables.

4.5 Statement 5

This statement concerns the effectiveness of the current monitor-
ing program to provide early warning of failure.

Based on the experience with Room 1 of the SPDV area, up to two
year’s advance warning of failure was seen by examining the
results of monitoring. As a forward process, however, there is
always difficulty in discriminating signs of failure from other
sources of noise, for example seasonal variations. Furthermore,
once "failure" has started, the process will take place at dif-
ferent rates in different rooms due to variations in geology ectc.
There is insufficient data available, based on only one failure
event, to know the variability of this time to failure once warn-
ing signs have started. PDepending upon when it is decided that
indeed failure is gcing to take place, six months required to
remove bins may be inadequate.

Given that the mechanism of failure is not well defined, and in-
strumentation based on an understanding of this mechanism has not
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been placed, it is considered that additional instruments should
be installed. Only when the failure mechanism is reasonably well
understood, and instruments have been placed to monitor the pro-
cess, will there be adequate tools to provide reliable warning.
Criteria to determine when waste should be removed could be de-
veloped after the preceding steps have been carried out, and only

then could any meaningful estimate be made of how long a warning
period could be given
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Q about 8 years, the shear fractures develop along both ribs in the roof
and a detached wedge with a triangular cross section develops. This wedge is
first observed fully formed at mid room length and the fractures gradually
migrate longitudinally along the ribs. .

As the unsupported span in the longitudinal direction increases, the beam
deflects with the greatest deflection occuring at mid room length. Eventually
the length of the unsupported roof exceeds the strength of the roof cross
section, and a fall results.

2 Shear Fracture Development Around a Room Leading to Fail-
ure After 8 Years (Cook, 1991)
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Questions to be Addressed
Regarding Stability of Room 1,

Panel 1
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STATEMENT 1 REVISICN 0

An estimate can be established for the period of time that Panel 1, in
particular Room 1 remains accessible on a daily basis beyond July 1991.

The following cases should be considered:

1. No maintenance in terms of scaling of roof, milling of floor or
installation of additiocnal support.

2. Limited maintenance without moving bins.

3. Extensive maintenance on an as required basis, with bins
removed from room, if necessary during maintenance activities.

Assumptionsg

1. Roam height on July 1, 1991, 13.5 feet and minimm roam height
needed to support equipment clearances, 10.0 feet.

2. Romm initially excavated in July/August 1986.
Factors to be Addressed

1. The ability of the Panel to address Statement 1 based on the
available information.

2. Best estimate for life of Room 1.

3. Lower and upper bourd estimates for the life of Room 1.
4. Levels of uncertainty associated with estimates.

5. Reasons for the levels of uncertainty.

6. Additional information that would be needed to improve estimates.
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STATEMENT 2 REVISION 1

The rockbolt system as currently configured, is sufficiently effective to
ensure that the test program in Panel 1, in particular Roam 1 can be
campleted.

Assumptiong
1. The test program will start in July 1991.

4. The bins CANNOT be disconnected and moved to facilitate
maintenance of the rooms.

Revised Assumption
(replacing Assumptions 2 & 3)
The test program including retrieval will be completed by July 2000.

Fa to be sed

1. The affect that the changes associated with the test program have
on support requirements for Room 1, Panel 1.

2. The rock load to be supported is approximately the full weight of
the roof beam upto the anhydrite "b" layer in the middle third of
the span, and half this weight over the ocuter two thirds.

3. The adequacy of the factcr of =afety of the bolting system used in
Rocm 1, Panel 1 to support th. Jesign rock load.

4. The salt above the anhydrite "b" will remain competent.

5. Slippage of anchors provides an acceptable apprcach to supporting
the rock load while accommodating roof closure, with daily access
to the room.

6. The mechanism by which the bolt anchors will accommodate the
movement of the salt while supporting the immediate roof beam.
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STATEMENT 3 REVISION O

The level of canfidence that can be placed in the estimate of the life for
Panel 1 provided in the response to Statement 1 is in accordance with
acceptad mining practises.

Factors to be Addressed

1. The extent to which a probablllstlc basis for determining risk
assesessment is presently applied in mining.

2. The qualitative nzture of geologic information.

3. The extent to which a database or expe.ne.nce is available in the
mining industry from an operations point of view to prov1de
meaningful judgements at the probability levels used in tge
muclear industry (i.e. probabilities of less than 1 in 10°).

This is not to be applied to an assessment of the longterm (10,000
year) performance of a repository.

3.

The adequacy of the geomechanical database developed at the WIPP
and the methods currently in place to evaluate the performance of

openirgs.



STATEMENT 4

Modifications to the support system in Panel 1 can be implemented to
ensure that access is maintained to the roams on a daily basis until the
tests are campleted.

Factors to be Addressed

1. The modifications and additions to the support system needed to
ensure the completion of the tests.

2. The maintenance activities that will be needed in the roam.

3. The need to remove the cables for the bin scale tests in order to
install additicnal support.
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STATEMENT 3

The gecmechanical monitoring program and the rm*;ine ocbservations in Panel
1, can provide sufficient warning to allow the timely retrieval of the
waste fram the Panel.

Assumptions

1.

In an emergency, all waste can be removed from the room within a
6 month peried.

Factors to be Addressed

l.

2.

3.

4.

The adequacy of the gecmechanical database develcoped at the WIPP
provides an adequate basis to predict and provide early warning of
deteriorating conditions in Room 1.

The adequacy of the prese.nt gecmechanical instrumentation,
installed in Room 1 is adequate to provide early warning of
deteriorating conditions.

The adequacy of the proposed additiocnal geamechanical
instrumentation to be installed in Room 1 to provide early warning
of deteriocrating conditions.

The criteria to determine when removal of waste becames necessary.
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DR. H.D.S. MITILER
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The summary report contains:

p/ An accurate record of the meetings of the Geotechnical Panel on
Panel 1 Stability.

c/ A copy of the report provided to Westinghouse by this panel
g member .

An accurate presentation of the consensus agreed to by the panel
members at the meetings on the 23rd and 24th of April 1991.

i Panel Member Date
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STATEMENT 1.

REPLY

l.

2.

3.

Room 1, Panel 1, will remain accessible on a daily basis
for a period of 2 yrs after July, 1991.

Limited maintenance will be required.

Room 1 already exhibits evidence of deterioration, with
fracturing of the roof along both sides together with
some scaling. The pattern of deterioration is the same as
occurred in the experimental rooms, and it is felt that
the eventual failure will also be the same. Sidewall
slabs have also formed.

Support will not prevent deformation and failure, as this
is due to stress-induced creep in the surrounding rock.
The relative stiffness of the adjacent pillars is of
prime importance in creating the basic stress conditions
driving the creep. _

Any support installed should be designed to control and
contain the failing rock.

The lower bound estimate for the life of Room 1 is 1
year, while the upper bound estimate is 3 years.

It should be borne in mind that failure is a gradual and
continuing process, that begins at the time the
excavation is made. "Critical failure" can be defined as
when roof, sidewall or floor rock becomes detached to the
extent that safe limits are exceeded. These limits can
involve threats to equipment, personnel or size of
opening.

The definition itself requires a judgement call based on
observation, measurement and experience.

Uncertainty is introduced by:
1. Unknown variations in geology / stratigraphy /
lithology.
2. Unknown effectiveness of the rockbolt support system
already installed.

A more detailed analysis of the measured data supplied to
me could change the estimates of time to failure.



STATEMENT 3.

1. In salt and potash mining, risk is currently assessed on

the following bases:

l. Direct long-term( >5yrs ) operational experience.

2. Measurements of deformations in and around
excavations, including surface subsidence.

3. Modelling, using computer models together with
associated laboratory testing to determine rock
properties.

4. Geologic mapping to determine occurrence of unusual
conditions. This also includes surveying of the roof
and floor elevations and variations in orebody
thickness. Other unusual occurrences such as water
and gas pockets are also mapped.

Of all of these, 1,2 and 4 above have been found to be
the most useful, while computer modelling is used more as
a predictive tool backed up by opinions derived from the
other observations.

WIPP is unique and different from other salt and potash
mines in that the objective is not to produce a product,
but to store a product. The duty and life expected from
these excavations is therefore somewhat different. There
is however, a similarity of life expectancy from some of
the development entries in producing mines that could
serve a useful basis for comparison. Development entries
and shafts in producing mines are expected to have a

useful life of from 5 to 50 years, and in some instances
longer.

I have analysed in great detail the rock mechanics data
measured at the following mines:

1. Boulby Potash Mine, England.

2. Allan Potash Mine, Sask.

3. Rocanville Potash Mine, Saak.

4., IMC Potash Mine, Saak.

5. Jeffersen Island Salt Mine, La.

6. Weeks Island Mine, La.

7. Cayuga Salt Mine, NY.

8. Belle Isle Salt Mine, LlLa.

9., Cominco Potash Operation, Sask.

The analyses were carried out in order to assess either
the risk of some occurrence happening, or to determine
why some occurrence took place. These could include:

1. shaft stability

2. Surface subsidence
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STATEMENT 2.

REPLY

1. The effectiveness of the currently installed rockbolt

system to maintain accessibility to Room 1 is uncertain.
This is for a number of reasons.
1. No practical support system including the present
one can prevent the deformation and failure from
occurring. At some stage "critical failure" as

described previously will occur despite the support
system installed.

2. The rockbolt system as designed would be adequate to
support the "dead weight " load of the roof beam as
described if:

1. Continuing squeeze and deformation of the roof
around the beam did not occur.

2, Failure of the anchoring system due to creep of
the salt around the anchor did not occur.

2. Slippage of the anchors does not provide an acceptable

approach to supporting the rock load. Too many unknowns
exist, and a number of questions are raised:
1. Does slippage in fact occur?
2. How does it occur?(is it continuous, stick-
slip, etc.)
3. What load conditions are required to cause it?
4. Were the rockbolts initially installed in such
a way so as to allow slipping?

Lateral stresses in the roof strata will result in
continuing deformation and therefore loading on the
rockbolts. These will in turn cause increasing point
loads on the rockbolt plates. Experience at other salt
and potash mines has shown that these point loads can
result in break-up of the rock around the plates.

Another serious failure mode of rockbolts that occurs
where the rockbolt anchors are installed in salt is due
to the creep of salt around the highly stressed anchor.
The result is that the wedge pulls down through the

anchor shell. Short term pull tests on installed bolts
won't show this problem.
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3. Water inflows

4. Effectiveness of support

5. Roof and wall collapses

6. Life expectancy of individual entries

My opinion is that the best way to assess risk in a
salt/potash mine is by making measurements, particularly of
closure and extension. Computer modelling may then be done
and verified using measured data.

The biggest difficulty lies in arriving at a failure
criterion that would allow projections of measured or
modelled data.

At this stage, experience is the only way to interpret
and project the data obtained. In addition to actual room
failures, WIPP has a good geomechanical database on which to
base predictions of future behaviour.

It is therefore important to analyse the existing data
and to compare it with other situations and experience at
other salt and potash mines.

Some salt mines have been in existence for more than
100 years at similar depths and conditions at the WIPP site.
Many of the original excavations are still open, while for
one reason or another others have closed totally or
collapsed.
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STATEMENT 4.

No support system can prevent the deformation and
consequent failure from occurring. However a support
system that has been used extensively in other mining
applications can be installed to contain and control
the failure, so that a critical situation (in terms of
the WIPP short term objectives) does not occur. This
was described at the last meeting of the expert panel,
and consists of grout anchored cables with lacing and
meshing. Together with the existing 10 ft mechanical
bolts, I have no doubts that such a support system
would extend the life of a room by several years. A
fuller analysis would be needed to give a firm
prediction on the life that could be expected from the
system.
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STATEMENT 5

The geomechanical monitoring program and the
routine observations in Panel 1 can provide an
indication of impending failure. However, the type of
measurements and the graphical output on which the
predictions of failure are based, have a built-in
problem; the confidence of the prediction only improves
the closer to the actual time of failure. For instance,
18 months before failure the data shows some evidence
of instablity occurring; at 12 months this evidence is
confirmed, a failure mode is in progress, but no firm
date of critical conditions can be given; at 6 months
the closure rate seems to be accelerating, but still no
firm predictions. The frequency of measurement and
plotting of data is then increased. It is now that
failure is virtually certain to occur, but again, the
precise timing is still uncertain.

It is felt that not enough data has been observed
to date to be sure of descrbing a criterion for certain
failure at a given moment in time.

I think that the ability to predict failure with
greater precision both in time and location will
improve. It is recommended that a special study be made
of the data recorded to date, the objective of which
should be to develop a valid and workable criterion for
the prediction of "“critical conditions" at the WIPP
site. The term "critical conditions" should also be
defined.

Until this is done, it is impossible to say at
what stage removal of waste (or human operations) would
be necessary.
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The summary report contains:

o An accurate record of the meetings of the Geotechnical Panel on
Panal 1 Stakility.

o A copy of the report provided to wWestinghouse by this panel
menrber.

o} An accurate presantation of the consensus agreed to by the penel
members at the meetings orn the 23rd and 24th of April 1991.
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WIPP_ PROJECT
THE LIFE OF THE PANEL 1
ROCK_MECHANIC CONSIDERATIONS

INTRODUCTION

In order to address the five statements with respect to the life of
the Panel 1, Room 1, in particular and Panel 1 in general, it is
pertinent to discuss some of the fundamentals of the rock mechanics
applied to salt rock mining and analyze the provided data in the
light of these principals. The writer would alsco refer to his 10
years experiences in potash mining in Saskatchewan and make a
judgement based on the combination of the science and art of rock
salt mechanics. In the first paragraph of the summary of the
position paper by Dr. Roy Cook, where he states that "Support in an
underground environment 1s not an exact science and therefore
estimates of the period of time over which the installed support
will remain effective is a matter of judgment." This statement is
more pronounced with respect to salt rock mining, than the mining
0of hard rock, when the theory of elasticity could be confidently
applied. The salt as the host of repository waste; because of its
viscoelastic properties has the capability of creep and entombing
the waste. On the other hand, the very same property tend to
restrict the application of more predictable elastic theory for
describing its behaviour in underground mining environment. Due to
complexity of viscoelastic theory at time designers have to use the
theory of elasticity in order to describe certain behaviourial

pattern in salt rock, a procedure which has caused a great deal of

2



controversy 1in rock salt mining, and has been the focus of
international salt rock community.

The use o0f these theories for design purposes requires
explicit qualifications of the assumption and incorporation of an
acceptable factor of safety for the design purposes.

The comment of Dr. Roy Cook, in summary of the position paper,
in relation to use of rock bolt as a means of support in this
jundure, require some comments. The comment "However rock bolts
can only be considered as a temporary measure in salt and must be

used in conjunction with proper maintenance of the openings and the

surveillance of their Geomechanical performance." This statement

is fundamental base for the use of rock bolt in salt rock mining.
The rock bolt is never used as a permanent support, unlike the use
of the same, in hard rock mining, alone and or in conjunction with
other support system as a permanent means of support.

The item 4 in the summary of the position paper should also be
addressed. The inclusion of all the parameters in the design of an
underground support and difficulty in quantification of other
factors, would necessitate the constant monitoring of the
performance of a support system, and consequent change to the
system are made when necessary and "... design evolves to meet the
needs of a particular underground environment. It 1is (the)
effective monitoring, and flexibility in design and decision making
that provide the best assurance for a support system to meet 1its

functional regquirement.”
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The Geotechimical Surveying group of the WIPP project, have
indeed, provided a comprehensive monitoring programme for detecting
the geomedomical behaviour of the salt and the evaluation of the
support system and performance of the pillars and the openings and
the associated strata. In considering the volume of the data
provided and the short period of time given for reporting on the
Life of the Panel 1, it is not possible to analyze all the data.
The present report is based on the pertinent data from Volume I &
IT & Geotechimical field data and analysis report and position
report by Dr. Cook. This deduction is augmented by the site visit
and presentation and discussion held at Carlsbad between April 9-
10, 1991.

ITI Mechanism of the loading of the roof beam

The extent of roocf deformation in salt rock depends upon various
factors amongst which the presence of discontinuity planes,
excavation of single or multiple openings, the depth of workings,
pillar size and pillar behaviour and its interaction with the roof
and floor rock could be enumerated.

In the position paper of Dr. Cook, figures %a -%e, the complex
nature of the locad transfer, after excavation of the openings, with
the surrounding strata is clearly outlined. The creation of the
lateral compressive forces on the roof and the floor of the opening
fig. 9 a, will result in the fracture of the roof and floor beam
and eventual formation of a wedge shaped rock which in time would

collapse. This collapse would reduce the magnitude of the
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horizontal stress and in considering the geology of the WIPP site,
it would move to the higher horizon, working on the salt below the
Anhydrite a. This action in time would culminate in repetition of
similar mechanism until such time a stable arch is formed. The
height of fracture (failure) zone depends obviously on the width of
the mine opening. This doesn’t mean that the reduction in the
width of the opening would automatically achieve stability of the
opening. As mentioned earlier, there are many factors which are
active in the present site, which in unison result in initial
fracturing of the roof beam and its migration to the plane of
discontinuity, and its final collapse under the gravity and the
horizontal compressive stresses.

The recognition of this horizontal compressive stresses and
its damaging effect on the étate of roof stability was the one of
the early problems associated with potash mining in Saskatchewan.
Obvicusly, depending on the proximity of the discontinuity planes
in the roof or floor of the opening, the failure of the roof and
floor beam would almost quickly fail, at depths of 2000+. The Cory
and Allan Potash Mines experienced these early problems before
rationalizing on the present mining system which adopts the
isolation of yield pillars.

It then Dbecomes clear that the ever presence of the
compressive horizontal stresses described earlier, tend to further
complicate the mechanism of rock bolting, and the reduction in the

magnitude of these stresses become vital in achieving a relatively
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stable roof condition.

There are many different ways which could be adopted, in order
to reduce magnitude of 6H and achieve a stable roof condition. The
choice of these methods primarily depend on at which stage of room
(opening) development we are contemplating a reduction in 6H.

A - In desing stages

a) The use of sacrificial roadways and use of yield pillars

The isoclation of five entry system has been successfully

adopted by Cominco Potash Mine in Saskatchewan, exploring the

potash seam at a depth of 1100 meters without any significant
roof problem. Basically four 5.5m wide by 3.5m high room
and a centre room of 7m wide are isolated. These rooms are
separated by a 6.7m wide yield pillars. This geometry allows
the roof and floor of the two outer rooms, which are cut first
to relax and separate along the discontinuity protecting the

inner rooms from damaging horizontal stresses (2,3).

The Saskatchewan potash industry uses many different mining

system, utilizing yield pillar technigues to allow the

continuous and gradual deformation of the roof and floor rock
along the «clay discontinuities, which in the process
demonstrates the harmful effect of the horizontal stresses.

(b) Slotting of the roof

The creation of a slot in the roof or floor of the mine
working would tend to reduce the damaging horizontal stresses.

This slot could be a 6" wide at a depth which will not impact
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negatively on the immediate strata overlying to occur, which
would accommodate the horizontal stresses by virtue of the
rapid deformation of the slot. Normally the rate of closure
of the slot is higher than the anticipated rate. On closure
of the slot, the process has to be repeated. Normally the
slots are combined with erection of 4’ x 8’ timber cribs in
areas of high stress. (4)

(c) The interaction between pillars and the roof, increases
with the stiffness of the pillars. As described earlier. the
use o0f yield pillars has been adopted in solving the roof
failure problem in the Saskatchewan potash mines. The
undercutting of the pillars would reduce the vertical load
imposed wupon the pillar which consequently reduces the
horizontal component of the stress field. This technique is
synonymous with pillar size reduction, and has successfully

been used in conjunction with roof bolting and roof slotting.

III Rock Bolting

As mentioned earlier, the rock bolts are used in salt rock
mining as a temporary measure. As outlined in the position paper
of Dr. Cook, section 2-5,"...even with the bolts in place the
plastic nature of salt ensure that its flow can cause stress build
up which can lead up to fracturing, and at strata interfaces
differential movements would not stop fracturing and formation of

bed separation"”. In the experience of the writer and after a
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recent consultation with the engineers at various potash mines, the
mode of failure of the rock bolts due to viscoelastic nature of the
rock, and presence of the horizontal forces could be basically
divided into three distinct modes:

(a) stripping of the bolt threads (wedge failure)

(b) Wedge pulled down through leaves of expansion shells

(leaf failure)

(c) Entire expansion shell pulled down drill hole (anchor

failure)

Out of the three above failure modes the mode (b) is the most
prominent, followed by leaf failure. 1In a comprehensive
tests in salt using D1 & D10 anchors, the ratio of wedge : leaves:
anchor failures were 68.5%: 20.4%: 7.4% (5). These tests were
conducted on 6’'-5/8" dia and 8'-3/4" rock bolts. The torgque was
between 125 - 175 ft - 1b. It was also concluded that the
installation torque with the experimented range appear to have very
little direct effect on the type of failure, which illustrated by
the fact that wedge and leaf failure occur approximately at the
same frequency throughout the entire torque range.

If the rock bolts are to perform their task by suspending the
welght of the roof rock, the anchorage capacity of the bolts (the
ultimate failure) should be sufficient to withstand the dead weight
of the rock. The presence of the horizontal stresses causing the
flow of the salt beam would tend to bend the bolt, and the present

assumption of the bolt slippage becomes invalid, and as mentioned
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earlier the failure of the bolts would be in majority of cases in
wedge failure or leaf failure mode. In the opinion of the writer,
if the future rock bolting of the roof in other panels being
considered, different type of anchors need be experimented upon.
The present rock testing programme 1is too brief. A more
comprehensive time dependent anchorage capacity test on the bolts

should also be conducted on roof.

IV The combination of rock bolting and slotting

This option takes the advantage of both techniques by
suspending the rock wedge from the bolts and reducing or
momentarily eliminating the harmful horizontal stress field, would
achieve the desired results. However, it must be emphasised that
the vertical slotting of the back, though on one hand relieves the
b6H, on the other hand, would require the correct and efficient
design of the rock bolts in holding the weight of a cantilever.
In case of uncertainty the roof rock is supported by timber cribs
as earlier stated to ensure gradual deformation of the roof. Field
tests have indicated that the cribs in time, would behave as the
support pillars carrying the similar load (4).

It has been argued that as the result of the lateral movement
shear failure of the bolts would occur. This mode of failure
though appears to be operational, in reality as the result of the
overall flow of rock on mass, the bending of the bolt would occur

with final leaf failure; the wedge pulling out of the leaf. No
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such failure 1in my experience, or as the result of recent
investigation has been reported in any of the Saskatchewan potash
mines, where as the result of deeper depth of excavation and the
presence of multiple clay seams, higher horizontal stress are being

experienced, and hence more 1likely occurence of such mode of

failure.

V_Sequence of excavation and reloading of the opening

Contrary to elastic ground behaviour, the stability of salt
rock openings at great depth 1is strongly effected by the time
sequence of the excavation. This 1is due to the fact the stress
conditions around salt rock openings change continually with time.
A concept which has been used in chevron mining system in
Saskatchewan potash mining.

In the course of excavation, SPDV test rooms and the
subseguent mining of the seven rooms of Panel 1, the sequence of
the mining rooms has been in a manner which would induce the re-
loading of the openings, subjecting the roof and floor of the
opening to successive high stresses.

In examining the sequence of the cutting of the SPDV rooms as
shown in the fig 1, the test room no 1, was the third in the seven
of the rooms cut, preceded by room 2 and 3, with room 4 being the
last room in this panel to be cut. This room prior to its
excavation, as the result of mining of the rooms 2 and 3 would be

highly stressed. This room was subsequently subijected to a series
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of reloading due to excavation of drift N1420 some 11 months later
followed by the excavation of room 4, a month later. The fig la
shows clearly this reloading of the room which would translate to
a higher than normal rate of closure. The uneven distribution of
the stress imposed on the roof and the floor of the workings in the
Northern side of the opening would have a detrimental effect on the
final failure if the roof slab towards the North of the panel.
This loading and reloading pattern 1s seen 1in the closure rate
graphs of the test room 4, 3 and in SPDV panel, with less drastic
effects, as the excavation of rooms L3 and L4 were carried out some
six years later (April 1989). The excavation of these openings
have caused a reloading of all the rooms, with room 1, being the
most susceptible to reloading as the result of its excavation
history suffering the most. The geotechnical data from the
extensometers and roof convergence depicted in the figs 2 to 7,
show the sudden increase in the deformation measured by
extensometer station (up to 50’) floor extensometer station and
room convergence. The effect of this reloading is also picked by
other stations in other rooms and drifts but with less impact.
From the above analysis, 1t seems reasonable to assume that
the roof fall in SPDV test room 1 has prematurely occured and the
validation of other rooms against the geomechanical performance of
this room must take into account in the stress history of this

room.
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Variation in Geology - Impact on stability of the room

The occurrence of the argillaceous halite near the top of the
pillars, as shown in fig. 5-2 of Volume 2 of Geomechanical data,
would expedite the mobilization of the horizontal stresses and the
eventual shearing of the halite roof beam. The same figure depicts
the wvariation in the floor geology changing from a thick
polyhalatic halite in test room 1 to clear halite in other three
rooms with variable thicknesses. The magnitude of the floor heave,
being experienced in room 4, and not experienced in other rooms
could be as the result of this variation.

The presence of Argillaceous Salt about 1-2’' above the floor
beam in some of the rooms may also have the similar effect as its
counter part above the pillar, in expediting the floor buckling and
shear failure of floor.

The undulating nature of this bed, as was seen in room 6,
panel 1 could have a marked effect on the magnitude of the floor
heave and the floor buckling and eventual failure of floor beam.

The roof and floor slotting has already been discussed in
earlier part of this report. The undesirable effect of these
geological anamolies would be eliminated 1f in future design of the
panels the mining horizon is moved up allowing the anhydrite "B"™ to
form the immediate roof. This change in mining horizon would
benefit the room stability by isoclating a thicker halite floor beam
eliminating or minimizing the floor heave, and at the same time

eliminating the horizontal stresses along the Dboundary of

12
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argillaceous halite and the halite roof beam.

Currently the pillar spalling between the upper argillaceous
halite bed and what seem to be a lower argillaceous halite bed does
occur. The tensile failure of the rock between these two horizons
could have a detrimental effect on the stationed bins in room 1.

The proposal to move the mining horizon would also eliminate this

problem.

Choice of other alternatives to room 1 — Present & Future

The following discussions examine the other possibilities which
could be rendering themselves for consideration if the performance

of life span of the panel 1, room 1 is not acceptable.

a) Use of other rooms 2 — 7

The examination of Table I reveals the lower closure raﬁe of
room 2 over the same period of years as compared to room 1.
This exceptionally higher rate of closure is basically due to
reloading of room 1 as the result of excavation of other
rooms. It has Dbeen stressed that the wventilation
regquirements, prohibits the use of other rooms. The choice
of room 2 as the test site for waste could prove to be a
compromise with minimum disruption to ventilation. In the
meantime, the room 1 will be monitored for gathering of
information on the performance of the bolted room providing

much needed data for the future room design.

13
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b) The use of 5 room system to minimize the effect of horizontal
stress. This has been discussed in detail

c) The change in mining horizon and moving the roof height to
anhydrite (b)

d) Sequential exploration of rooms to avoid reloading

e) The choice of less stiffer pillars to minimize the shear

fracturing of the roof

Conclusion

This report has examined the pertinent geomechanical data
related to the life of room 1 and SPDV test room, and has drawn
conclusion based on the factual data and the personal experience of
the writer. It is in the opinion of the writer that in this
project, we are expecting the geomechanical performance of a
permanent support, from a "mine opening” in a formation which 1is
governed by a very complex behaviourial pattern. The local
variation in geology, and the changes in the stress history of the
model room SPDV 1 makes the engineering judgment a subijective one.
Based on the best mining and rock mechanics practices, the
geomechanical performance of the WIPP sites has been monitored.
The factors as mentioned in Dr. Roy Cooks’ position paper, some
unquantifiable and some other unknown factors make the
probabilistic approach to the determination of the life of the room
an impossible one. There is a saying in rock mechanics community

that "on shutting a mine, we will have enough knowledge to re open

14
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the same mine"

I feel that under the circumstances, the geomechanical data
has provided the early warning system for roof fall. To achieve
better predictability in the range required for the proposed test
could not be guaranteed in a mining environment, irrespective of
expenditure.

The choice of salt for its healing properties; creep, make it
a more difficult rock to predict. This is a fact that has to be
accepted, maybe if such an assurance in term of room performance is
required, the test should be conducted in a different environment,
mining or otherwise.

The future design of the opening could ensure a more stable

room but in no way reach the expectation of the risk required.

P. Mottahed, Ph.D., P. Eng., C. Eng. MIMM
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Statement 1 Panel Member P. Mottahed

As described in text of this report, the additional support
provided by'means of rock bolt is a temporary measure. The creep
of the roof beam will continue and as the result of presence of
horizontal forces acting in the beam. The mechanism of roof
bolting by suspension is becoming more complicated. The creep of
salt will cause the bending of the bolts. The source of the
problem i.e. the horizontal forces should be reduced and
eliminated. This could be achieved by slotting of the roof beam
and access for the maintenance of these slots need to be
maintained. The same problem will be experienced by the floor.
Hence the floor slotting should be performed and the slot remained
open by maintenance.

The comprehensive geomechanical monitoring of the opening and
associated formation has indicated the ability to predict the
failure of the roof beam; SPDV Room 1. This lead time of two years
could be pessimistic as the effect of rock bolts and their
performance in providing additional suppo}t is not taken into
consideration. On the other hand, the modelling of the performance
of the SPDV room 1, to assess the life of panel 1, is not realistic
as the SPVD room 1 was prematurely failed. With these two
provisions in mind, with high degree of confidence could be stated
that the minimum life of the room 1, Panel 1 beyond July 1991 is 2
years, (total no. of 7 years) with an upper limit of 3 years life.
This life could be further extended if some remedial actions are
immediately undertaken. The slotting of the roof with use of

timber cribs to support the overhanng could be an early solution.



It is a proven technique and easy to monitor. The suggestion of
bolt and lacing; as practiced to prevent rock burst may have some
merits, but less easily quantifiable. If these additional supports
are provided, the 1life of the room would be extended by an
additional 3 years albeit at a loss of space for test programme.
The above estimate is based on practical experiences in similar
circumstances in salt rock. The 1level of confidence in the
estimate would increased with evaluation of the performance of the
additional support in first year and hence a more confident figure
for the 1life of the room could be established. It must be
explained that with the aging of the room maintenance of the room

on a required basis is required.



Statement 2 Panel member P. Mottahed

a)

b)

c)

d)

The rock bolting programme could not ensure the stability of
the room 1 panel 1 up to the completion of the test in July

2000 (total life of the room 14 years)

To minimize the effect of rock bolting immediate measures to
reduce the horizontal stresses need to be carried out. This
as outlined in statement (a) could increase the life of the

room by a maximum factor of 2

The rock bolting programme with the factor of safety of 1.7
would be an effective means of support but as the complexity

of horizontal stresses will diminish the effectiveness of the

bolt.

The Dbolt above anhydrite b 1is already undergoing creep
deformation. This deformation will continue causing the
lateral movement of the anchors and the possibility of anchor

failure, wedge or leaf failure



Statement 3 Panel Member P. Mottahed

The long term stability of the excavation in salt in a mining term,
is a relative term. The haulage roads which are to remain open for
the life of mine are constantly maintained. With introduction of
other support provisions, eg. rock bolting in association with roof
slotting, erection of wooden crib, lacing and strapping and floor
and pillar rehabilitation. These measures are performed on a
regular basis to ensure the long term stability requirement of the
conveyance roads.

It is nice to be able to use probabilistic approaches for

risk assessment, but the application of this approach 1is not
common. Attempts in using this technique in assessmeht of risk
associated with flooding of Potash mines was undertaken in early
80's by Potash Corporation of Saskatchewan some 2 years later
Rocanville Mine was flooded.

The geological parameters as described in the text of the
report, prohibits a comparison of what appeér to be similar rooms
together.

With regards to the data base or experience, no such
information are available, or if there was, the direct application
of the data base to appraise day to day performance of the openings
on an operational basis would neither be practical or realistic.

As described earlier, the comprehensive rock mechanics
instrumentation programme, as installed by the Geomechanical
Engineering Department of the WIPP project is unique. It has

incorporated every possible means of assessment of the performance



c ¥k

1y

sk

of underground openings and associated strata. There are
tremendous volumes of data available which need be analyzed. The
continuous analysis ¢f the data as they become available, would
further increase the level of confidence in predictability of the

performance of future openings.
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Statement 4 Panel Member P. Mottahed

a)

b)

c)

This point 1is already addressed, however, installation of
additional support, cribs and slotting (both roof and floor)
or installation of additicnal bolts, with lacing, or
combination of these supports, would guarantee the opening of
the room but the required headroom of 10’ could not be

achieved (statement 1).

Manouvering of jib cutters and rock bolting machine for future

slotting operation and the rock bolting maintenance

The possibility of removal of cables is a fact that is to be
lived with, as it 1is not possible to precisely predict the
exact location of future rock deformation, fracture and

possible slotting.
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Statement 5 Panel Member P. Mottahed

This point has already been addressed throughout the text in brief.
The comprehensive geomechanical instrumentation and monitoring of
the rooms would provide sufficient warning well in advance of 6

months for the removal of the bins.

The 1installation of locad cells on bolts to monitor the 1load
transfer to the bolts would greatly assist the correct installation

of additional bolts if necessary.

If cribs are installed, use of flat jacks to monitor the load
sustain by the cribs and finally, in case of slotting, a gauge to
indicate the closure of the slots to respond to the timely re-
slotting operation.

The onset of the increase of the closure rate to 7"/year.

could be used as the criteria for removal of waste bins.
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CLOSURE RATES BY TIME SINCE EXCAVATION
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REPORT SUBMITTED
BY

MR. J. PARKER
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The summary report contains:

o An accurate record of the meetings of the Geotechnical Panel on
Panel 1 Stability.

o A copy of the report provided to Westinghouse by this panel
member .

o An accurate presentatior of the consensus agreed to by the panel
members at the meetings on the 23rd and 24th of April 1991.

Panel Member Date

Signed off sheet from Mr. J. Parker was unavailable at the time of
publication.
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PHONE 906.883.5443
OR 906.883.3384

JACK PARKER AND ASSOCIATES, INC.

ROCK MECHANICS . MINING . GEOLOGY
WHITE PINE. MICHIGAN 49971

Dr R F Cook

Westinghouse WIFP Froject
401 Canal

Carlsbaa N 223220

Apr1l 16th 123

EXFERT FANEL CIZCUZZI0N - LIFE OF PANEL

Hello Roy:

This is & quick response to your request for comments cn the Five Statements
you gave us concerning the life expected for the rooms 1n WIFP Fanel 1. It
follows a review of data and reports you provided to panel members, a visit
vy the underground cpsrations near Carlstad and a discussion with the panel
members and Sthers last week (April 3 ang 10, 1331). My qualificatizns to
comment include a total of 45 years working in and around mines, with the
last 20 years as a consultant working primarily on mine design and
ground-contreral problems 1n 2 couple of hundred minss, including 11 salt
mines, 2 troma mines, I potasn mings and 2 gypsum mines. These minss 1n
gvaporites exhibit conditions much like those at the WIFP groject.

First I wowld like to mzke & 2zo2ral comment 1 sometimes complain that
lead a miseratle 1172, Jzaling only with fallures. "Nobody 1avites me to go
lock at a nice mine' . Syt thils was an excenticn, [ think that this was an
unusually clean, sars cperation, showing good workmanshio

£ F B o8 %

FROZAELE MODE OF FAILURE OF THE FOOMSE

ements Decause the

I want to discuss this zZ=fors commentimy on the Five Stat
1 11l have to oe brief

responses depend on the mode of failure as [ see
fut could expand on the tople 1T you wish.

I ba

se my thinking n
our i

o3 at the site, on the data you gave us, on
scussions, and o t

the ather evaporite mines.

Although measurements of convergence show that pillars 1007t wide aid not
prevent the mining of 2 Asw voom aff2cting comvergence rates in adjacent
rooms, after that gross c-znge 1a the envivonment the roomns seem to act
independently (the fall L

i IED T drd not o atfect adjacent rooms)

™)

We were told that tre stozss

10

13 c=fore mining was orocably hydrostatic,

80X 469
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i.e. about 2000ms: 1n all directions, because we are warking in rock salt .

Under theose conditions the most stable cross-section for a tunnel would be
circular.

Observations and data eHow that that 1s the case, with minor modificaticons
due to geclogical discontinuitiss. The cpening is nominally 337t wide so the
padius of 2 circumscribed circle would be zbout 177t The cpening 1s atout
j4ft high so-half the helgnt woulad be 71t - 52 the top of the civcle should
te about 10 ft above the 1nitial ce2iling - which would be a couples of feet
abiove the anhydrite/clay seam — whicn 1S just about what we see 10 IFOV Foom
1 rocffall. A similar situation sesms to exist 1n the other SFCY rocms, as
shiown by Tracture mappling in observation holes.

gemns o exist 1n the flaor, @odifisd by the

bed atout S7t below the 1nitial floor.

=
=

ﬂl

A similar situaticn alsa
presence of the anhydrite

a) FAILURE IM THE FLOOR: If we had measured the virgin stress field
in the anhiydrite ped I sxpect that we would have found conditions different
from those in the salt. Because 1t 1s a stiffer material, less fluid, I
would expect lateral stresses higner than 2000psi (left behind from a deeper
turial) and I would not be surprised 1f the greatest horizontal stress had a
distinctly preferred directicon. [ would exspect the anhydrite to tend to
buck le.

-
i

(1]

We were told that the thicknsss of the anhydrite and the top of the anhydrite
are irregular, s I would ssgect the peaks on top of the anhydrite to express
local effects on the ~com floors, The thickness of the salt floor would be
least on top of those osaks so the salt would e stressed mare there and 1t
would be weaker thers Thus thers would not Be a simple gedmetric
relaticonship Detwesn room cvisntation and room gzometry. It would be
interestimg to check frat theory by 2sfining the top of the anhydrite 1n
detza1l - althouwsh only for futures olaonming, not for tmmediate value.

mreations arcund the opening would be nighest immediately

after the sucavation was made, but with very nigh stress just inside the salt
and Zerc 2t the skin of the salt something would Rave to give, so we should
expect salt failure at the corners, and concurrent redistribution of the nish
stresses. That redistribution requires movement, o course, and we see it
21ther as fracturing or as flow of the salt. As you know, we often ses
detericoration at the upper carners of rooms, sometimes attributable to
lacally clay-rich salt, Dut somstimes not

m

With the Righest stresz concentratioans &t the corners and lower stresses
further inside the sait [ woulg sspect the floor beam Lo want o flew
DOWNWARD, and 1t migrt tryv to a0 that, and some peculiar fractures migrt
result, perbags a Fish-srhaped spall from the floor, but after a while, maybe
months, the floor rocks would move 1n the Jdirection of least restraint -
upwards.

Tgn

fnother way to descrice this activity would be to say that the stresces
around the mine ocg=ning would make the ooening assume the most favorable
shape - the circle, with tre lowsst possitle stress concentration factaor,
which is I » backgriund stress, with conpressive stresses around the circls,
low stresses within -z circcle - 202 the Jish-smaped masces popping 1nts tre
TEEMLING.
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by FAILURE IN THE RIEZ. For the same reasons there would be a
tendency for the ribs or walls of the cpenings to move inward, but the amount
of movement there should be less because the ribs are almost at the
circunference of the circumscribed circle already.

c) FAILURE IN THE ROOF. For WIFF this 1s the most critical zone ~of

failure, but the rezson for fallurs is the same. The op2n1ng (riles to assume
a circular shage, wrich requires actures to develop upward and inward from
the juncture of roof and ribs. Th 1s where we see low-angle fracturss

developing first. NOTE THAT THE:SE FrHLTUr S ARE NOT EAZILY DETECTED IF WE
DEPEND ON CAFLAMFZ WORN ONM THE CAP. IT I3 EETTER TO HOLD THE LIGHT IN THE
HAND AND ZIDE-LIGHT THE ZONE, 30 CAITING OBVIOUS SHADDWS WHERE A SHEAR HAS
DEVELOFED.

We have seen that 1t takes I or 4 years for the salt to move encugh teo
initiate these shears, time Jduring which we measure & diwinishing rate of
movement, which is mainly due to gradual relief of stress in the roof salt.

It then takes more time for the fractures to propadate but, at our depth,
they do 1t. A very thin beam should buckle and fail quickly. In a thicker
ract beam the fracturss would propagate fairly quickly to the top of the
beam. In a beam as thick as ours. under cur conditions, the evidence is that
it takes several years for the shears 1o reach the top. Judding from our
distanced inspection of the rooffall, and as seen at other mines, shears may

grow from both ribs and mest 2t 2 peak, or perhaps they will level off at a
discontinuity like the annydrite/clay szam. In soms placss 2nough stress may
pe relieved Sy a shsac growing from only one rib - then a cantllever

situation develops and the cantilever may stand for a 1ong time, or 1t may
fall because of 1ts own welght, oy 1t may fall oecause 1t 1s wedged downward
by lateral movement on the 1nclined shear. I would like to investigate why
the 1nitial shear grefers one particular side of a room,

ians.gn
Anhydrite o~ I — 4
/ N o AN
| 1
J )
/’ - I

As the shears propagjats we asure ,Ljnlflzanv rELES of
-l
4

oz |‘1‘||'|T—t||—'T*uH]‘
convergence, rates nigner tnan 1ng the “stre

r
ef" process.
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When the shears havs almost cut 2 wedge or frustum of salt fres the
convergence rates itncrease sharply, up to complete faillure of the roof

IT 15 IMFORTANT TO RECGGMNIZE THE MECHANISM AND THE FACT THAT THE FAILURE
MECHANI=ZM I3 CRIVEM, c:iFEZlIALLY IN A BEAM-LIKE ROOF ZUCH A% QURE, BY
HORIZONTAL =TREZZES TRE =ZH0OT OF THE EEAM ARE SHOVED INWARD, AS IHOWN VERY
CLEARLY BY OFFZETS [N CEIERVATION HOLES. WE CAN ZEE AT MUCH A% & INCHES OF

LATERAL MOVEMENT IN A RICF WHICH HAS NMOT YET FALLEN!




There can be little doubt that extra-high horizontal stresses come of f the
tops of our 100ft-wide pillars. Since those pillars are too stiff to yield 3

. high concentration of vertical stress builds up and overstresses the roofteam
- salt - which then wants to sgjueere sideways into the mine apening. In the
. avercast we examined the cutoff ends of the roofbeam and saw that they had

maved sideways into the void at a rate around /2"
The maovement cccurred at the
apparently acting as a unit.

per year, at btoth ribs
anhiydrite/clay seam, with the rocfbean

Frior to 1375, at the Cayuga calt minz 1n Mew York state, there were dozens
- of similar failures wnder similar conditicons. The depth was 2000 to 22007
rooms were 3ZT4 wide and 12ft hkign, and pillars 83ft square. Fallures began
at the juncture of roof and ribs and shears developed until heavy falls
sccurred, either tent-sraped, arched or as cantilevers. 3o many falls
: sccurred that MIHA threatensd to close the mine. The problem was salved by
changing to yielding gpililars, only about 20ft sguare instead of 25ft,
designed so that they would yielad rather than build up high vertical stresses
in pillars - hence hiah morizental stresses in the roof.

(N

Fry

. We were told that the WIFF cpenings were designed largely by reference to

those in the local potash mines, which makes gsense. The reports also state

that the extracticn ratio was reduced significantly, probably because the
depth at WIFF is about twice the 10007t depth of the potash mines, but in
hindsight we could say that that may not have been the right move. Most of
the local rooffalls I have sesn 1n the NM potash mines HAVE EEEN ALONGSIDE
WIDE AND 2TIFF, and the WIPF design gave, I

FILLARS WHICH WERE UNLZLIALL
. think, an unfortunate degree of pilllar stiffness which shortens the life of

the storage rooms.

=
=
Y

The praoblenm with Lo =
. wirking om 1t 3t several

at WIFF.

r stacility 1n salt wmines 1s commen. 1 have been
mines &l we recognize guldelines which may help us

e At most mines the ooenings close 1o the

stood well for as much as 50 ang 100 yes
- state. They are diffsrent 1n that they are wsually smaller than mine
s productilon cpenings, they are Usualily nacrower, they usually have a lower
width height ratio Cocrs agarly civcular, or
and they are further zpart - 132lated ocut
and aften they have thicker roof zand flooy teams  Those factors usually
contribute to long-tesw stability, as they have, 1 oelieve, at WIFF, 1n the
. access drifts but not 1 the storace rooms

stafts are stable - some have

2ars - aotably at the Fetsof mine 1n NY

e

at least moore nearly sguare),
a zome of very low extraction,

w At another extrems we can design for long-term roof stability By using
small pillars and ragh extraction ratics. The Jeneral 1dea is to shed the
figh stresses anto distant abutments. I liken 1t to 10 men carrying a heavy
" telephone pole, with 21ttt crafty fellows 1n the miadle bending their knees a
o1t

e

Eetween those two =ty s whilch Jive Qo3 lopg=term roof conditions there 1s
3 range of designs whi C
t,

ntrioute to long-term instatility. I think that
Fz WIFP stovage roome fz.l within that range tut, as you have golnted out,
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they would sti1ll satisfy the 2riginal reguirement of a S-year total life with
eventual closure.

Now I go on to respond to The Five Statements.

. FIRST STATEMENT: AN ESTIMATE CAN BE EXTABLIZHED FOR THE FERIOD OF TIME
THAT FANEL 1, IN FARTICULAR ROOM 1, WILL REMAIN ACCESSIELE ON A DAILY EASIS
EEYOND JULY 1331,

1.1, WITH NO MAINTENANCE OR ADDITIONAL :ZUFPORT. [ believe that POV Room
1 which collapsed after being open 3 years gives us & clear 1ndication aof
what to expect. Fracture patterns defimed in roof observation holes ang
accelerating closure rates in the other SFDV rooms seem to confirm the S-year
life expectancy.

The rooms in Panel 1 are very much like the IPDV yrooms, so 1 would expect
them to behave simllarly - with one possible exception - which is that the
Fanel 1 rooms have been reinforced with 10ft mechanical roafbolts. However,
my personal thinking 1s that those bolts will nat change the life expectancy
af the roomg very much - because of the mode of fallure which I expect. Let
me explain that again:

I expact that salt fzilure arocund the rooms will be expressed as lateral
movement on the olanes of failure (shears), so that the mechanical bolts will
not be subjected to simple tension over their full 10ft length, btut to
shearing, or perhags to tensicon in that very shart length of bolt which
crosses the plane of failure. Thus [ would espect bolts to fail first in the
zones of Jreatest lateral movement, then 1n successian as succeeding zones
were sheared sufficiently. Under these circumstances parts of the belts might
fall out of the roof - Sut often the broken-off lower portions of the bolts
areg snagged and held at the shear planes - so we do not know of the fallures
until the roof Rits the floor . dbservation of the amount of offsstting in
enmpty foles in the roof Jives us some 1dea of the likelibcod that bolts have
been sheared.

I conclude thersfore thzat tre Dolts zs 1nstalled will not make nuch
Jifference to the life sspectancy o0 the rooms

0

Ingpection of. the mining progress drawings shows that rRoom 1owas completed 1n
August 1326 but that the other £ rooms were mined between January 1337 and
March 1333, which should give them a ye=ar o0 o of additicnal life.

The panel of experts ssemed to lean toward a slightly more optimistic
forecast, as if 3 y=ars was a minimum and additicnal life was a fair
possibility, but I have doubts about that

First I reminmd myself that the S~year life for SFOV 1 was TOTAL life, up to
complete failure, and at oresent we are considering UIEFUL life, which will
e & ta 12 months chorter  We would Mot want to be working much 1n the rocns
while the first slats were 7z2lling

Zegond, the updated consergsnce aragprs for Fanel 1 orooms which you Jave us
Indicate comvergsnce t GQREATER than tnose measured 1n the SFOV rooms at a
simllar age, arcund I S'resar, I, 3, 2070, 202, 3" oang IMSyesr in rooms |
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through 7 respectively. At a similar life-stage in SFDV rooms the rates were
between 2.19 and 2. 35"/year.

It seems that the only significant ghysical differences betwesn the FDV and
Parel | rooms is that there are seven of the latter vs 4 of the former, and
that the Panel 1 rooms have peen bolted 1 suspect that the estra roocms have
made the difference, noting especilally that the convergsnce rates are mugrest
in the outer rooms and lowsest 10 the inmer rooms (ses flgures above) - whiich

suggdests that the outer rooms are absorbing more of the “far-field cresp, or
something like that, ana to some 2sgree protecting the 1nner rooms

TO UM UP FOR THIZ CONDITION, WITH NO MAINTENANCE: You or I should
ponder over the convergence and fracture data further, 02t so much to crunch
numbers as to recognlze behavior patterns. I also recommend drilling several
arrays of observation hioles and scratching to find fracture patterns, and the
way they change with time.

MY FERSONAL THINKING IS THAT THE USEFUL LIFE FOR ROOM 1 FANEL 1 WOULD EE
ABOUT 3 YEARS TOTAL, FDSZIELY LESS BECAUSE IT IS THE OUTER ROOM OF THE SEVEN
AND BECAUSE IT I3 MOVING FASTER THAN DID SFDV 1.

1 2. WITH LIMITED MAINTEMANCE, WITHOUT MOVING BINS. I would anticipate
that barring down tre slatbs of loose salt which can be expected to appear as
the garly signs of failurs, mainly at the juncture of roof and ribs, would
remove some of the hazards during the early stages of failure BUT WOULD NOT
EXTEND THE TOTAL UZEFUL LIFE OF THE ROOM SIGNIFICANTLY i.e. ONLY FOR A FEW
MONTHS .

1.3, EXTENSIVE MAINTENANCE ON AN AS-REQUIREC EA3I3, WITH BINS REMOVED
FROM ROOM, IF NECESZARY, DURING MAINTENANCE ACTIVITIES. This approach would
ge much like some 1n salt mines where bad roof develops in critical areas, as
over a maln conveyor In such 3 place 1t may not oe possible to move the
conveyor to ancther coom, or even to move 1t temporarily, so the operator may
choose to reocclt again 203 z23ain. Trme vertical load to be suspended may not
increase much with tims but 1f roofoolts shexr they have to be replaced. The
rocfrock usually oreaks into smaller ang smaller pleces so something like
chain=link wire-fence material 1s bolted up to prevent smxll chunks falling.

GIVEN THE OFFORTUNITY 70 GO [NTO THE ROOM AND FIX A% NECESZARY, I THINE THAT
THE ROOM COULD BE REPT CFPEN INDEFIMITELY, 1.e. FOR TENZ OF YEARS. I know of
one place where the roof over a room 45t wide 1s now suspended oy a thirdg
set of baolts) even though trere 1s a gap 13" wide up in the roof

2. SECOND STATEMENT: THE ROCKEQOLT =vY:zTEM A3 CURRENTLY CONFIGURED I=
SUFFICIENTLY EFFECTIVE TO ENSURE THAT THE TE:=T FROGRAM IN FANEL 1, IN
FARTICULAR IM ROOM 1, CAN BE COMFLETED

Thankyou for this coportunity to comment on the bolting.

First I have to gqusstion 9@ 2235130 assumptlons = whlch are Jquits different
from thosse usually snccantere 1n minimg.

Design load for the

strength, or 17,5001Ee

IV

7S /4" polts 1 said o oe Y04 af yreld
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[ checked with Jerry Freas today, (€06-744-3£00) probably Jennmar's
best=-informed man, and he shared thils nfarmation:

Grade 75 bolts have a minimum yvield strangth of 75,000 psi,
range wp tao 100,000 gp=1, thus 374" ©olts should not. BEGIN o str

but tatches
etch
loaded to somswhers between 23,000 los and 44,000 1bs

Bountil

engtn,

An implication is that WIFF 1s designing faor only S04 of yvield sty
for full ultimate strength - to get their

whareas mast mine cperators Jdesign
money 's worth.

Ancther implicaticn is that whereas WIFF intends that the bolts will
either slip or stretch at the design load in reality they are far from
stretching - so they are stiff supports which might fracture the salt,
especially where the bolts pass through feather-edges of salt.

It is assumed that the 10ft bolts will stretch 10%, i.e. 1 foot, before
breaking. [ have my doubts so [ asked Jerry what he thought. He dug out his
specs, which sald that Grade 75 bolts should streteh 3% minimum - But that
left room for debate because the tests are normally run on specimens anly 8¢
lemg. As I think back over bolt failures cbserved I have the distinct
impression that most do NOT stretch that much - instead they have a weak
paint at which failure occurs - 1n the threads or at the bolthead. Your Tom
Erockman tells me, however, that be has actually stretched some 107t boltis a
full foot before farlure - €2 1 may be wrong

I would like to know now much stretch there has been 1n balts which
actually broke 1n the mine. I understand that at least one was recovered from
Roam 1, and sent to Sanara for analysis.  How much did it stretch?

Ancther WIFF d2sign criterion is that the balt anchors should slip down
the hole at design load instead of frezking, faor controlled roof yield., A
consummation deveoutly Yo be wished, but does that really happen? Eefore
designing that way I wiuld want to know what really happsns, and [ could
anticipate several tvpes of benavior:

Fiven salt rock, and a short oanchor with a ball on top and an open
base, I wiuld not oz surgrised to see the plug pull torough the leaves after
oor 47 af reaf meovensnt. That would be oecause the lzaves pushed sideways
into the walls of the mole.

Given a 4-pronged smell held together at the base [ would nat be
surprised 1f the salt walls of the hole grabbed the shell well encugh to hald
the bolt up to 1ts ultimate strengin.

I think that most 7o

lks using mechanical anchors in
shell, like & 05, for great
+

ter bzaring surface, but bhey
mas iUl ancharads czxpacity IF vow wait to know Row the

-t a

alt choose a lomger
re designing far
ennmar JTX8's zehnave
elgewhere 1n salt vou may want to call Morton Zalt at Weeks Island 1in
Loulsiana (313 Fealdl

— A

[ was surprised to lsarn wrha
spzcified design load - Iu,S'nL
the system to egqual or = c=ed t

i szlected anchors to match the

, os Nuﬂmally we wauld select all components o1
C= the strength of the wmost castly campanent,

which would be the oolt 1ts2lf . Normally then we would use eilther thme DS
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anchor or a couple of fest of resin at the top of the oolt.

When I asked why WIFF was not using resin one response was that 1t hadn't

worked very well in egarly tests. Again [ was surprise3, and would expect new
tests to show very good performance.

Mogst af the above discussion will not mean much if the bolts ars rarely
loaded in pure suspension, out I expect that WIFP will change the design
critsria soon. As suggested in the panel discussion, and again in this
report, [ expect the bolts to be loaded largely in shear, unless we cut off
the forces driving that shear - which 1s what [ recommend. Then trhe bolts
WILL be loaded in tension

MY RESFONZE TO THE :=ECOND ZTATEMENT I3, THEREFURE, THAT THE CURRENT BOLTING
CONFIGURATION WILL NOT ENIURE COMFLETION OF THE TEST FROGRAM. I understand
that reguires 3 or 3 vears of stability from time present.

3. THIRD ZTATEMENT. THE LEVEL OF CONFIDENCE THAT CAN BE PLACED IN THE
ESTIMATE OF THE LIFE FOR FANEL 1 FROVIDED IN THE REZFONSE TO STATEMENT 1 I3
IN ACCORDANCE WITH ACCEFTED MINING FPRACTICES

I think that Steve Mckimnon of [tasca described cur position well when he
said that our chances for projecting information from the SPDV rooms onto the
Fanel 1 rooms are exceptionally good - because rarely in the mining industry
do we see conditions as closely comparakble as we see them in the POV and
Fanel 1 rooms - 10 regional and local gealagy, dimensicons of rooms and
pillars, and protably in the stresstield too.

CONSIDERING THE SIMILARITY OF THE =ITUATIONE, AND THE LEZ:Z-THAN-FORTUNATE

FACT THAT rOOM 1 [z AN END ROOM, AND THE HIGHER CONVERGENCE RATEZ IM FANEL 1
- [ WOWLD ACCEFT THE FROBABILITY THAT TRE TJTAL IEFUL LIFE OF THE ROOM WILL
EE = YEARST, NO LONGER, AND WOULD NOT FIze MANY THOUZANDE OF DOLLARET EETTING

OM A LONGER EXFECTED LIFE FOR RCCM
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4 FOURTH STATEMENT: MODIFICATIONS TO THE SUPPORT SYSTEM IN FANEL 1 CAN BE
IMPLEMENTED TQ ENSURE THAT ACCESS I3 MAINTAINED TO THE ROOM3 ON A DAILY BASIS
UNTIL THE TESTS ARE COMFLETED.

I don't think that thers can ce any doubt that we COULD install supparts
capable of keeping the room accessible. In a typical saltmine with rocf
conditions like these the ocperator might choose to 1nstall extericr supports,
such as wooden pasts or cribs, or ylelding steel supports, always considering
that the calt surrounding the cpening will move inward almost irresistibly.
For WIPP it seems trmat this approach would not be acceptable - because the
suppoarts would block traffic.

Internal supports might te used by the cperator instead, but &again he would
have to recognize the almost irresistible salt movement, which means that the
supports would e1ther have to yield or break. Many salt miners have tried
putting wooden sjueseze blocks between the roof and the roofbolt plate - but
almost always the bolts break before the blocks have sgueezed an inch. The
wond pecames hard and brittle when esposed to salt, as 1f pickled.

WIFP has already proposed a yielding system - bolts which stretch and anchors
which slide - but [ would not rely on those ideas uwntil they had been proven.
Hamish suggested that WIFF could use the “lacing" system as used in 5 Africa
and now in Canada as protection ajainst violent rockbursts. As you probably
know, special rods (locking much like steel cotterpins) and about 6ft long,
are grouted into the rock to be supported, probably on Sft centers, then wire
mesh 1s he@ld against the rock by steel cables which are laced in a triangular
pattern from pin to gin There is some “give" in the system, and 1t really
does survive serious bursts which would have broken standard roofholts. The
broken rock 1s held together as 1f in a bilg onion bag - and the openings are
still accessible

That mignt waork, 2m2 1t 15 2n Ld=a @orth considering, but as with the other
rockoslting systems ©owould e concerned that those bolts wnich gass theowsgh
3

olanes of shear wiuld e zreaesd v e advensnt of the salt,

srrect - and 1t oshould be checked by

If the mode of fallure as [ see 1t 13 o
further study of salt movement and fracturs catterns - [ agree with you that
THE SOLUTION TO THE STREILITY =S0BLEM I3 7O CUT OFF THE STRESZES WHICH ARE

CAUSING THE SALT MOVEMENT.

Zeveral approaches have been tried 1n the dining tndustry. Let me list some

4.1 3STRESS-RELIEVED ROOMI. The pillars between the storage rooms ars
100fY wide. If we wers to drive new rooms 337t wide through the center of
these pillars we would fe leaving pilllars petween new and old rooms which
would also be 33ft wide and abcout (41t high. They would be marginally
yielding pillars ana almost cevrtainly the new rooms would erperience very

little lateral stress, zince much of the "far fleld™ creep has been relileved
by the olad rooms. '

%Y
-
ar

1))

An especially attractive circumstance at this site 1s that most of the salt
mined fraom the new rooms could e stuffed mto the existing roams, so there
would be no need to maul a2 hoist most of 1t - whilch means that new rooms

could e mired in a couple 2f months from time of Degimning



" 1 CONSIDER THIS TO BE THE EBE3T WAY TO GET ROOMS WITH GUARANTEED STABILITY IN
. FANEL 1, QUICKLY. I RECOMMEND IT.
- 4.2. STRESS-RELIEVING TUNNELZ. If we coula drive small tunnels

fiorizontally opposite the roof beam and perhaps opposite the floor beam,
- maybe with an Alpine-type miner, we could cut off the harizontal stresses.
) The new tunnels would be as small as possible, say Sxt or Sw3ft, and
. separated from the rooms by narrmow pillars of salt - say 10 or 127t wide.

I 3id vt hear much enthusiasm for this 1dea, probably because of restraints
= on time and equipment, but T think that 1t wauld work.

Anbydrite o~
No har. steess in rosf beam. 8vg’

B [2’ lz‘
", 33«13
son 4.3, STREZS-RELIEVING SLOTS IN FILLARS. - Some mines have used this

approach successfully, using an undercutter to cut slots 6ft or more in’

depth, horizontally inta the ribs, usually at mid-meight. That szems to push
) the peak vertical stress further away from the room, which 1n turn seems to
- push the horizontal stress concentration higher in the roof. The low-angle
shears which would normally show up at the juncture of ribs and raoof

originate instead at the niaden ends of the slots - and the disk—shapad mass

whiich eventually zscarztes from the rock above the room sits down on the rock
celow the slots

o This screme would proioably melp the ~oof condiiion, Dut we wourd loses some
additicnal headvroomn, 2nd tre pibs o wouwld orocagly ocscome unstatlis and nesd
halts and mesh - Secsuwses porrlaas 2f the stress-reilesved =llipse separate
from the rockmass and sit oon the s3lot e sketch

s v - ~ N
b ,/’ \\ J ~ /’ \\/ Praks of piilar strass

- mMmoved asutward

AN
// N
R.b brekan V,—f-h /] “\\ \‘*'%tu\‘:;ﬂl shaar plane
" = . T;—“

around. slo® rmaoved qutward

\ \i _J 4 //

~ v

4.4 =TREZS RELIEVING ZLUOT: IM THE ROOF.

This is a direct approach to
salving the praoolem

- A Common ARETOACT 1T 2SS0
o the centerline of thz »
That leaves two cant:il
thixse cantilevers ars

Canadian gotash mines 15 to cut a single slat along
m, wsually up to some natural plane of slippage.

rel peortions of roof hanging, e from each rib I

i

(hegause 2T & narrow rocm) and thick, they may
need o support. The |} ral strzss 1s relieved until the slat 15 squeezed
e shut - and 1w our Case 22ms that a slot &Y wide would be closed in about
. B years.
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In our case the cantilevers would each be about 167t long, and 7ft thack, and
perhaps already fractured by a shear Leginning at the raoof/rib juncture, se
they could not be considered self-supporting - so they would have to be
suspended with bolts. The praotlem then would be that we would ecpect at least
3% of lateral movement of the cantilevers = which could shear off tre tolts
and so leave the roof unsupoorted.

For those reasonms [ would prefer to make the slots close to the ribs, as
clogse as conveniently possible, with one at each rib. As we discussed, tre
slots shiould Be inclined slightly cutward and upward, so that IF the roof
slab ever did come loose 1t could still sit on the pillars.

Quring and after the slotting cperation the roofrock up 3 the anhydrite
would have ta supported entirely by roofbolts, in suspensicon, WITH NO LATERAL
MOVEMENT . That means that we have to evaluate the btolts already installed,
and perhaps i1nstall additional bolts. I we did have to I would probably
recommend point-anchored resing/rebars.

The two &" slots should oravide 10 or 12 years of stress-relief.

A" secondary effect, not to be forgotten, 15 that the stress-relief slots move
the stress concentrations further away from the room, but they still exist,
and they might cause failures further from the room. The comforting response
tz this is that we would be forcing the room to adopt a more favorable shape
{(gcircle or ellipse’s arocund whicn the stress concentrations would be lower.
Example: our 33 = 14 ft rectangle might have stress concentrations of =4 at
the corners whereas around trhe clrocular shape they would be =2 Stress levels
might thus be reducsd from about 2000 to about 4000psi at the perimeters.

I understand that zn wndercut® zr could pratably be procured locally. Once
acdified toocut tme oot slotz Iowould erpect 1t to cut apout 100 feet of
slaot per day, or ong cocm EEN week |

THIZ TECHNIQUE — CNE <007 INCLINED UFWARD AND SUTWARD AT EACH RIEB - WOULD BE
MY ZECOND CHOICE FOR FRODUCING ZTARELE CONDITIONS IN FANEL 1
v re ey
Wl | i -
Roef slots stop atb / \ l ‘ l‘—T—-\/ . Bolts mast suspand
Q"Hj{dr‘tz/‘ldj Seam : L——L——-‘L cat-off beam

-

]

]

Slols %o cul off floar Sthess
Should g0 throuah anhydrite

N

=i : R bed , becausa Lo 3 aq saress
J Ne bYelts . ' concantrator

5. STATEMENT S. THE aZOMECHANICAL MONITORING FROGRAM AND THE ROUTINE
DERERVATIONT IN PANEL 1 CAN PROVIDE ZUFFICIENT WARNING TO ALLOW TIMELY
RETRIEVAL OF THE WAZTE F=0Mm THE PANEL.

There is ma doubt 14 sy w1l that the roof will glve us warnings months
Tefore collapse, at iszst o months of advanice warning.

[ think that ths behsvior of 2P0V Room 1 owas typical and that a similar
segquence of events will Iowed 1n the storage rooms. [ a0 think that the
tzchnigues could te rerinsg 2 little, hence the understanding of the mode of
failure, hence the intercpretation of the 1nstrumentation Jdata.
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[ believe very strongly 1n rock mecnanlcs as an art, not much of a science,
therefore [ value visual cbservations highly. There 1s & strong tendency for
the science approach to be based o0 Juestionable assumptions, one of the mest
cbvious of which has veen to base WIFF design and interpretation on "creep®
af encksalt - whereas most of the movement and damage has been more like
brittle behavior and fracturing.

I believe, for example, that we MUST examine the roof failure 1n SFDY T,
rather than speculate on 1t long-distance. It would take me about 10 minutes
per visit, and although 1 don't know bow to calculate the probabilities of
somebody getting rurt there I feel certain that they are far lower than when
[ cross the street 10 the city, or arive to the airport, or fly commercially
to US destinations. [1 would maks sense to have only two pecple in the place
at a time, in cass one sligs an? falls, 1n case one accidentally Jdislodges a
rock .

I wiuld try to relate the convergence measursments to rock fallure by having
more arrays of ooseceation foiles arilieg in oroof, c10s &I floor in the
racns . [ owould map 2073 coratan them periodically, especially if the
convergence Jraphs showsd something unusual. As moles were closed off by salt
mavement I would arill new holes oeside them, exps “1M3 several inches af
total displacement .

Because [ expect the highest stresses to be active midway along the rooms I
would bave cne arvay there To check that supposition I would have additicnal
arrays, probably at the third or guarter points.

[ would expect tao Jefine the mode and the zone of fallure MUCH better in this
way than by calculations In a computer.

12ved roons or relief slots [ would expect to
verify the rslisving beravice soon after downg the work . [ would expect the
salt to start moving 1nto the slots 1nmedrately

-
i

If we do cut relisef or rz

At the same time ws should

l’n
iy
T
o
.

-

i nterpret our convergenca grapns better -
and ocur Jdiagnosis then should allow wus 0 oredict roof Lehavicos mire cliose
and with Jreater certainty

I understand that you intend to 1nstall some WIEM bydraulic lozd cells to
measure "stresses" 1o ths salt D like that 1o2a verv auch, recodnizing that
the Jata may not o2 ot twhat rock data 1s anvway v out I owould very much

Tike to know Fow close Tur supoositlonsg are concerning vartical stresses,

h

rorizontal stresses, stiess concentratlions, crhanIes 10 stress level, relief
2f stressss - and so o Even crude measurements, [othnink, would e much
Setter than relying on toeoretical assumptions, and the cost of the

~

=4
instrumentation will oot e Jreat

One more thought on instrumentation: Could you plot your 2P0V 1 convergence
data on semilag paper? I have Seen 1nstances where a change in rock behavior
was pinpointed better on the semilog plot, especially where the total



mavements and the rates of movement were great, as i1n rocksalt
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FOLLOW-UF ON THE ZUMMARY OF EXPERT INTONS
LIFE EXPECTANCY OF RODM 1 FANEL 1
Hella Roy!
Thankyou for the package of reports from experts, and your summary. 1

understand that we were
didn't connect, and Lt
my Comments on paper .

qo1ng

might be difficult 1in the near future,

under difficult with

that I odidn’t

i!j a s;‘n:n:nj

circumstances,
do 1t

hiave Lo

i If some swes looked an t
i me ocogld get the lmpress
G foom today . That
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The new rooms would e 1n stress-rellieved ground.
The new rooms would be 3 years younger than the olg.

degree of certalnty of life required would be MUCH highe

Mast of the freshly-mined salt could ke stuffed into the

fe cost of cutting the salt and hauling
about $20, 000/ raoom . wiolld
I think .

i

I =ctimate that
woidld be about %
moast of the athere

o, O fhat

croposed flues,
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to talk about them by phone yesterday, but we
sa [ will put

marny cooks
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That would be the guicksst flx foo

The ex13tlvg § 2 total loss, since they provide tre
=1ress raliaef {aim that we olamed 1t fhan way .
Sackfill In the sxisting rooms wiuld staollize the system as a wle,
fop tLhe :ng Lerm

Can there be any doudt
way of achilsving the

rooms wolld be the most cost-effective

ZSt ooT the other statements need not be
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I ROOFEOLTS. First a comment on the modes of bolt failure - anchor faillure
I thivk trmzt I understand the differemnces in opiniaon
=pressed. In some cases, as Juoted by Farvis from the Canadian potash
periencs, fatlure mas oeen ai the mechanical anchorage. I would attribute
hat to cruoilcs of anch Img that a mechanical anchor with a larger
CEearing area, ad. Feld together at the anchor base (instead of
ball at the ool owoy e muich bed 1 i at the anchor,

dritry would switeoh

vs bolt shear
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With rooms 2314 wide [ would be concerneag
depend on anchorage of incliined bolits above
the Siliars — becadse 1t 1g harad for them to provids adch vertical suppeort of
t t

dead loads Most of thoszs which I nave sesn ended up as hammocks 1oaded witn
3 1ng S 1d sag. In our case they would alsc

oyoken rocks, SAagQglng 25 & hEamock wWowd
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i

Fave to vield instead of

I Rave 23 QUESLION Comosriimd 17 o f might end uo iooking
tike Droken 1T AN Iln DA DTm wondert g how we woula manitor the
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The summary report contains:

o) An acaurate record of the meetings of the Geotechnical Panel on
Panel 1 Stability.

le) A copy of the report provided to Westinghouse by this panel
member .

o An accurate presentation of the consensus agreed to by the panel
members at the meetings on the 23rd and 24th of April 1991.

KEA N < fon/n

Panel Member Date
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RESPONSE TO STATEMENT 1

An estimate can be established for the period of time that Panel 1, in particular Room 1,

remains accessible on a daily basis beyond July 1991.

Observations:

1. Data are available on the stability of the four SPDV test rooms: Room 1 (SPDV 1) failed
after nearly 8 years. Failure occurred on shear fractures angled upwards at about 20°
from the rib, with the apex of the fall probably coinciding with the clay seam underlying
Anhydrite B. Precursors of failure included acceleration of the vertical closure, first
noted in May 1988 (just under 2 years prior to the fall), detection of fractures in the roof
near the rib, and indications of separations in the roof. The other rooms are still
standing, and, prior to the closure acceleration, vertical closure rates were quite similar
to each other and tend to be slightly less than for SPDV 1. SPDV 2 appears to show
acceleration of vertical closure (starting in late 1988), though this is not as pronounced
as in SPDV 1. SPDV 4 shows fractures at the rib and evidence of lateral slip in roof
boreholes. This room was bolted in the 1989/1990 time period. The current life of

these rooms is as below.

Room Life to Present Comments
SPDV 1 7.9 Yrs Roof Fall in 2/91
SPDV 2 8.1 Yrs Possible closure acceleration starting in late 1988
SPDV 3 8.1 Yrs
SPDV 4 8 Yrs Rib Fractures and Roof Slip Observed: Bolted in
8290
2. Data on the seven Panel 1 rooms show no evidence of immediate failures (accelerating

closures) at this time (3 - 5 years after mining), though incipient rib fractures are seen.
Panel 1 Room 1 shows incipient fracturing in the roof, evidenced as shears developing

along the rib edge. The other rooms show similar fracture development, and in some
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cases this appears more severe than in Room 1 (Rooms 6 and 7 for example). The
vertical closure for all of the rooms is quite similar to that for SPDV 1 up to the present,
with closure rates showing a general decrease to a fairly constant current value. Closure
rates for Room 1 match those for SPDV 1, and are somewhat higher than for the other
SPDV Rooms. In terms of the time since mining, Panel 1 Room 1 is now at the same
point as SPDV 1 was immediately prior to the acceleration of closure. Panel 1 Room
1 was bolted in 1988, two years after mining. Some local slabbing of pillars is seen in

the Panel 1 rooms. The current life of these rooms is as below.

Room Life to Present
Room 1 4.9 Yrs
Room 2 4.3 Yrs
Room 3 4.2 Yrs
Room 4 3.3 Yrs
Room 5 3.3 Yrs
Room 6 3.3 Yrs
Room 7 3.2 Yrs

Floor heave has been a problem in all rooms (SPDV and Panel 1). Standard practice is
to recut the rooms and to backfill loose with crushed salt. The floors are apparently

stable at this time.

An additional fall has occurred in Room A2 of the SPDV. This room had a different
geometry to those of the SPDV Test Rooms and Panel 1, was at a different horizon, and
was heated during its life. Failure appears to have been by a similar mode, and a
precursor in the form of accelerated roof deformations was seen about two years prior

to the collapse.

Rib fractures are evident throughout the facility, including the entries (e.g. N1100).

There is no evidence as to whether these are deep shears or surface spalls.
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Comments:

1. The mechanism for failure is by low angle shears in the roof. This is caused by the
lateral stress due to removal of support for the horizontal stresses and by lateral
movement of the pillar material into the room. The Clay underlying Anhydrite B may
contribute to the severity of the effects in the roof beam due to slip along this plane and

isolation of the immediate roof.

2. The SPDV Rooms and Room 1 show general similarities in their geometry and geology,

though their are some differences. Thus:

0 The room geometry for Room 1 is similar to the other Panel rooms and to the
SPDV test rooms.

o The geology in and around Panel 1 appears to be similar to that around the SPDV
test rooms. In particular the clay/anhydrite above the rooms appears to be similar

o Their are no apparent anomalies associated with any of the rooms.

o The sequence of mining was a little different with SPDV 1 mined after SPDV 2
and 3, though by only about 1 month, while Panel 1 Room 1 was mined first in
the panel.

o Panel 1 Room 1 has been bolted

Available Information:

Available information includes the Rock Mechanics instrument data from the SPDV
rooms and from Panel 1, field observations by the Westinghouse geotechnical staff and by the
panel members. Of particular importance are the convergence data and inclinometer data.
There are no roof extensometer installations in Panel 1. No data are available of modelling

results of the stress and deformation fields in Panel 1 (or in SPDV test rooms).



Factors to be addressed:

1. The ability of the Panel to address Statement 1 based on the available information.

The WIPP facility is heavily instrumented and abundant data are available. Much of
these data are useful in addressing the stability of the rooms. Lacking are a) roof extensometer
data to give any information of separations in the roof of Panel 1 Room 1 (or elsewhere in the
panel), b) inclinometer data on horizontal movements in Panel 1, ¢) good data on roof bolt
performance (loads, pull out tests) and a thorough analysis of modes of failure, and d) model

data to give information on the stress field development.

As noted above useful data are available on the stability of the four SPDV test rooms.
Based on these data some estimate of life expectancy can be made. However this estimate will
have a larger uncertainty than if more rooms were available for comparison with a greater life

and additional data on roof bolt performance were available.

2. Best Estimate for life of Room 1f
3. Lower and Upper bounds estimates for the life of Room 1.

4. Levels of uncertainty associated with estimates

Estimates of the life of the room should be considered in terms of the increasing
uncertainty in the estimate with time. The uncertainty of the life expectancy estimate is zero at

this time, increases slowly over the next two to three years, then increases more rapidly.

Estimates of life are based on a) comparison with the behavior in the longer lived rooms
and b) observation of current conditions (fracturing) in Room 1. From these sources the

following observations can be made:
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0 Of four rooms longer lived than Panel 1 Room 1, one failed after just under 8
years. This room had indications of impending failure after 5 years: this is the
current life of Panel 1 Room 1. Of the others, one (SPDV 2) may be showing
incipient failure (accelerated closures), the others show shear fractures at the rib
but no accelerations of closure.

o Panel 1 Room 1 shows incipient roof fracturing at the ribs.

o In the other failure (A2) closure showed acceleration about 2 years before failure.

Based on these observations the lower limit of life for the room in the absence of bolts
may be estimated as two to three years from now (seven to eight years total) with high
confidence. This estimate is based on the comparison of the closure curves and the age of Room
1 and SPDV 1. A lower limit of about 10 years total life can be estimated with lower
confidence based on the current life of the other SPDV rooms and an assumed two year closure
precursor. The upper limit is impossible to estimate with high confidence on the basis of local
data from the WIPP facility. Observations in other mines with similar conditions suggest that
a life of greater than 10 years is not unreasonable to expect, but that an unmaintained life of as

much as 15 to 20 years is unlikely.

The effect of the bolts on the life is unknown quantitatively. It is likely that the bolts will
not delay failure of the roof, but may be able to support it: a further discussion is given in
Statement 2. It should be noted here that the life of the room can be extended if careful roof
monitoring is combined with an adequate support system, and if provision for maintenance of
that system is provided. Failure of the roof on shear fractures can probably not be prevented,

however suspension of the failed slab can be achieved.

Whether the maintenance involved in upgrading roof support during operation will
require movement of the bins depends upon the final support system and the final design of the
bins and associated equipment. This is an operational question and cannot be addressed further

here.



Eiig

-3

2

e

28

S. Reasons for the levels of uncertainty

The levels of uncertainty associated with any estimate of the life of the room are the same
as those inherent in any underground mine in evaporites. They arise from the natural
complexity and variability of geologic materials, the additional complexity of the highly strain
rate and pressure dependant properties of evaporites, and our imperfect understanding of these
mechanisms, or of the detailed effect of local discontinuities (such as the overlying clay).
Standard mining practice in these materials (as in many others) is to use the mine itself as a test
bed. Initial mine designs are based on experience elsewhere in similar materials, but during its
life the mine design is constantly tailored to local conditions. In the WIPP facility we have only

eight years of experience in four rooms: this is an insufficient data base for projecting too far
into the future.

An additional uncertainty comes from the lack of hard data on the efficiency of roof bolts
in the current application. In most other mining applications in these materials bolts are used
for local roof spalling control rather than for the suspension of large slabs. We have little site

specific information on how the bolts will work, and on their life expectancy under large lateral

movements.

6. Additional information needed to improve estimates.

Certain additional information would help to refine the estimates, and to reduce the
uncertainties. Key data include:

a) Rock bolt failure information. A more thorough study of the current efficiency of the
rock bolts, and of potential failure mechanisms (shear, anchor pull out etc) would help

considerably in assessing their contribution to stability.



b) information on progress of fractures in Room 1. Data on the current state of any
fracturing in the roof of Room 1 would assist us in determining where on the failure curve this
room is. Data could include radar/EM surveys and exploratory boreholes. Additional data from
roof extensometers and inclinometers, and microseismic activity would help in monitoring

conditions.

c) modelling studies of unbolted and bolted stability would assist in estimating the

progress of failure conditions.

7. Potential pillar (side wall) spalling

Pillar spalling is common in deep evaporate mines, and is seen in Panel 1. This has no
impact on overall stability, but could produce operational problems in rooms used for bin tests.
Provision should be made to protect the equipment from localized slabs spalling from the pillars,

as well as to give access for cleanup.
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RESPONSE TO STATEMENT 2

The rockbolt system as currently configured, is sufficiently effective to ensure that the test

program in Panel 1, in particular Room 1, can be completed.

Without rather drastic remedial measures such as slotting, the use of sacrificial drifts, or
inducing slab collapse, the "failure" of the roof on low angle shears can probably not be
prevented. As noted in the remarks on Statement 1, this failure is likely to occur within the
anticipated life of the bin experiments. However it is also likely that the life of the room can

be extended by the use of a suitable support system to suspend the failed slab.

mments:

1. Shear failure of the roof will occur in a similar fashion to SPDV 1 because of the lateral

squeeze developed by of the high horizontal stresses and the lateral movement of salt due

to the compression of the pillars.

2. This shear failure will lead to a slab separation, this slab having similar geometry to the
wedge failure in SPDV 1 and A2. Current bolts will not stop the development of this
shear failure, and in all probability a result of the shears will be failure of the bolts due

to shear, as seen in other mines.

3. After development of the shear separations the arched roof above the slab will be stable
for a reasonable period of time (several years). In developing the shear failure the

material is breaking to a more stable configuration.

4, The failed slab can be suspended from the overlying salt beam, or by some other support
system. If rock bolts are used they can be designed to support the required weight.

Continuous monitoring of roof movements and bolt integrity (i.e. bolt loads,



deformations and anchor movement, condition) will be needed to assess the efficiency
of the support system. Provisions for rebolting should exist to maintain the support
system. Local protection for delicate systems may also be needed.

Factor Addressed

1. The affect that the changes associated with the test program have on support
requirements for Room 1, Panel 1.

Changes in the test program include the need to extend the life of Room 1 from
approximately five years (for a five year test program starting in 1986/1987) to 14 years
(through July 2000). We already have evidence of the ability of the rooms to stand for at least
5 years (the current life of Room 1) and have no evidence of failure before nearly eight years
(the life of SPDV 1). Several rooms are still stable after eight years. On the other hand based
on current knowledge a life of 14 years without supplementary supporting systems is very
unlikely. The changed test program and life requirements have clearly added the need for

support, and put quite stringent requirements on that system.

2. The rock load to be supported is approximately the full weight of the roof beam up
to the anhydrite "b" layer in the middle third of the span, and half this weight over
the outer two thirds.

Based on the evidence from SPDV 1 and A2 this assumption is reasonable.

10



3. The adequacy of the factor of safety of the bolting system used in Room 1, Panel 1
to support the design rock load.

A factor of safety of 1.7 for suspension of the roof is adequate provided that:

o The mechanism for bolt failure is better understood

o The roof and bolts are monitored for excessive movement and failure of the
) bolts/anchors.

o Provisions are made for maintenance of the bolting system during the tests.

Without these items (especially b and c) the safety factor is not adequate: indeed without
these no safety factor may be adequate.

4, The salt above the anhydrite "b" will remain competent.

o There is no reason to believe that this salt will not remain competent for a reasonable
period under the current conditions. Allowing the failure of the lower unit will aid in
s maintaining stability since it will force the room to a more stable configuration. Care should
pe be taken if one of the more drastic remedial actions is taken (e.g slotting) to ensure that failure

due to lateral squeeze is not transmitted to this higher horizon.

s. Slippage of anchors provides an acceptable approach to supporting the rock load

while accommodating roof closure, with daily access to the room.

11
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6. The mechanism by which the bolt anchors will accommodate the movement of the

salt while supporting the immediate roof beam.

It is extremely doubtful that anchor slippage will occur after the bolts have been set for

a long time period. The anchors are set by applying a torque which expands the anchor shell:

this leads to a lateral stress which, given the creep properties of the salt, will tend to embed the

anchors. It is likely that the current bolts are stretching to accommodate creep rather than the

anchors slipping. The estimated vertical roof movement of 3" - 4" since bolt emplacement will

have given about 3% strain. If tensile failure occurs at 10% strain this would occur in about
1993 at current closure rates. Further information, including bolt loads and strains) are needed

to evaluate this.

- Bolt failure is more likely to happen due to:

o o Shear of the bolts due to differential lateral movements.
o Stripping of anchor threads
i o Wedge pull-out due to excessive creep expansion of the shells.

These potential failures should be analyzed by calculation, field proving of bolts and,
- possibly, laboratory studies.

12
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RESPONSE TO STATEMENT 3

The level of confidence that can be placed in the estimate of the life for Panel 1 provided

in the response to Statement 1 is in the accordance with accepted mining practices.

The levels of uncertainty associated with any estimate of the life of the Panel are thé
same as those inherent in any underground mine in evaporites. They arise from the natural
complexity and variability of geologic materials, the additional complexity of the highly strain
rate and pressure dependant properties of evaporites, and our imperfect understanding of these
mechanisms, or of the detailed effect of local discontinuities (such as the overlying clay).
Standard mining practice in these materials (as in many others) is to use the mine itself as a test
bed. Initial mine designs are based on experience elsewhere in similar materials, but during its
life the mine design is constantly tailored to local conditions. In the WIPP facility we have only
eight years of experience in four rooms: this is an insufficient data base for projecting too far

into the future.

Factors to be Addressed

1. The extent to which a probabilistic basis for determining risk assessment is presently

applied in mining.

Formal probabilistic risk assessment analyses are not typically used in the operational side
of mining, although they do have application in the marketing and strategic planning aspects of
the industry. The only cases of which I am aware of the application of these techniques was in
the development of coal mine pillar design formulae in South Africa in the 1960’s (Salamon,
personal communication) where a large data base on failed pillars was available and in the design

of open pit slopes (Ross-Brown, personal communication).

13
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Informal risk assessment is the basis for mine development, that is an understanding of
"what works" in a particular mine is used in further developments, together with a basic
understanding of the inherent uncertainties. This is coupled with a constant monitoring and
inspection program. Reasons for not applying PRA in a formal sense are the inherent
complexity and variability of geologic conditions an inadequate date base and our poor

understanding of how to quantify the behavior of these materials.

2. The qualitative nature of geologic information

Geologic information, as currently available and used, is basically qualitative in nature,
although attempts are made to quantify these data (by, for example, rock mechanics). The
overriding reason for this is the inherent complexity and variability of the materials. In the
current case of WIPP which is developed in a fairly uniform geologic environment this
complexity still tends to overwhelm attempts to quantify behavior. Data taken in one room, or
one location in one room, for example, can vary in another room or location due to subtle
differences in geology, nearby mining or geometry. Moreover we have only an imperfect
understanding of how to quantify mechanisms for such apparently simple phenomena as creep

closure and shear failure.

3. The extent to which a database or experience is available in the mining industry
from an operations point of view to provide meaningful judgments at the probability

levels used in the nuclear industry(i.e. probabilities of less than 1 in 10°).

A wealth of data exists from other mines which can be applied to the WIPP facility.
However much of this data is qualitative (see #2 above), and differences in its application can
occur because of site specific conditions. It is totally unreasonable, and well outside of normal

practice, to provide probability levels used in the nuclear industry in this situation.

14
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4, The adequacy of the geomechanical database developed at the WIPP and the

methods currently in place to evaluate the performance of openings.

In general the geomechanical database at WIPP is excellent - it is certainly much better
developed than at almost any other underground facility, and is far and away better than
available in the typical mining environment.

With a few exceptions the current monitoring is adequate. The exceptions are :

0 Vertical extensometers and inclinometers in the roof of Panel 1 are needed to

assess/monitor roof movement and separations.

o Pressure cells in and around the rooms would help to monitor stress fields.

o Rock bolt load cells, and methods to assess rock bolt strains, are needed to

evaluate performance of the support system.

0 The addition of microseismic monitoring of the roof in Panel 1 would assist in

monitoring impending fracturing and failure.

o Additional roof integrity investigations (radar, EM or borehole) would also help
to monitor roof stability.

15
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RESPONSE TO STATEMENT 4

Modifications to the support system in Panel 1 can be implemented to ensure that access

is maintained to the rooms on a daily basis until the tests are completed.

Without rather drastic remedial measures such as slotting, the use of sacrificial drifts, or
inducing slab collapse, the "failure” of the roof on low angle shears can probably not be
prevented. As noted in the remarks on Statement 1, this failure is likely to occur within the
anticipated life of the bin experiments. However it is likely that the life of the room can be

extended by the use of a suitable support system to suspend the failed slab.

Shear failure of the roof can only be prevented by the use of some method to relieve the
lateral squeeze. This relief can be achieved by a) slotting of the roof, or b) the use of sacrificial
drifts either in the large pillars or above the pillars. These methods are normal in other deep
evaporite mines. These are not discussed in further detail here since they are probably
unacceptable in the current facility at this time. However they may require consideration for

future developments.

If shear failure is allowed to develop this will lead to a slab separation, this slab having
similar geometry to the wedge failure in SPDV 1 and A2. Maintaining access then depends
upon supporting the failed roof by bolts, rope cradles or massive steel sets and/or timber. Any
of these systems could be designed to provide the required support, but all will require the

ability to monitor and maintain, which will require access to the roof.

16



Factors to be Addressed

1. The modifications and additions to the support system needed to ensure the

completion of the tests.

As noted above several additional support systems could be used to maintain access.

These are briefly summarized below:

0 Bolts. As discussed in the response to Statement 2, bolts could be used to
suspend the roof provided that they are continually monitored and provision exists

to maintain the system by rebolting as required.

0 Cradles. The use of a wire rope cradle keyed into the overlying salt beam has

been suggested by Dr. Miller. This system relies on supporting the broken roof

on a laced rope and mesh support. This should be successful provided that the
roof breaks satisfactorily, or that the system is engineered to support the unbroken

slab. Keying the ropes into the overlying salt relies on adequate adhesion to this

member: keying into the areas over the pillars (on 45° angles) might be

considered.
o Cribbing. The use of cribs along the room length (centerline) with local side
- support by bolts would support the wedge failure, but would complicate access.

Nevertheless this is probably the most positive and easily maintained system.

Steel sets could be used to the same end, but with similar access problems.

ot
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2. The maintenance activities that will be needed in the room.

Whatever support method is used monitoring of roof and support behavior and the ability

to maintain the system are mandatory. The details will vary with the system:

o Bolts. Bolt load and strain must be monitored. Further investigations of failure
modes, including field pull-tests are needed to properly design the system.
Maintenance activities will include rebolting as needed and possible local scaling.
o Cradles. The performance must be monitored by regular inspection, monitoring
of roof movement before and after failure. Pre testing to ensure the adequacy of
keying of the support ropes should be conducted. Maintenance will be minimal.
In the event of loss of support due to rope pull out or failure a secondary system
(such as cribbing) may be needed.

o Cribbing. Crib monitoring would include the use of pressure cells to monitor
loads on the cribs, and convergence meters and extensometers to monitor roof

movement. Visual inspection of cribs and for local slabs will be required.

Access will be needed to inspect the cribs and roof, and for bolting of local slabs.

3. The need to remove the cables for the bin scale tests in order to install additional

- support.

Given the likelihood of roof failure with any support system, and the need for access to
bolt/scale any local spalls, removal of the cables from the roof is needed. Cables should be
slung in trays supported by long bolts into the pillars.

18
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RESPONSE TO STATEMENT 5§

The geomechanical monitoring program and the routine observations in Panel 1 can provide

sufficient warning to allow the timely retrieval of the waste from the Panel.

Based on the evidence from SPDV 1 and A2 acceleration of the convergence data gives
about 2 years of warning of impending failure. In practice this will probably be closer to 18
months due to the criticality of conditions immediately prior to failure. Given the assumption
of 6 months to remove the waste this should be adequate warning. Note that on the one hand
this time does not account for the delays possible due to the current bolting, or the use of
additional remedial support. On the other hand the two years is based on only two data points
and could be shorter in other cases. Continuous monitoring after a critical acceleration is

recognfzed, and the ability to use short term remedial support are necessary.

Factors to onsidered

1. The adequacy of the geomechanical data base developed at the WIPP provides an
adequate basis to predict and provide early warning of deteriorating conditions in
Room 1.

As noted above the current data base is adequate to give the necessary early warming.

2. The adequacy of the present geomechanical instrumentation installed in Room 1 to

provide early warning of deteriorating conditions.
The present instrumentation is adequate, but minimal, for early warning.

3. The adequacy of the proposed additional geomechanical instrumentation to be

installed in Room 1 to provide early warning of deteriorating conditions.

19



The proposed new instruments will greatly enhance the early warning capability. Key
here are the additional convergence stations (which cover a larger roof area) and the roof
extensometers (which should extend well into the roof: i.e. well beyond anhydrite b).

Further instrumentation which should be added include:

a) Roof inclinometer holes to detect lateral movements

b) Rock Bolt load cells, and strain gaged rock bolts, to monitor bolt load and

deformation.
c) Microseismic monitors to monitor rock noise.
4. The criteria to determine when removal of waste becomes necessary.

Based on previous experience impending failure is signalled by accelerating closure. This
will continue to be the best pre-cursor if additional support is not planned. In these conditions
it is likely that acceleration of closure will occur about two years prior to failure, while six

months are required to remove the waste. On this basis the following criteria are proposed:

a) Acceleration of closure and/or accelerated separation from convergence data and
MPBX results. Given the natural variation observed due to thermal and other
sources these accelerations should be continuous for a period of six months. This

time lag will allow confirmation of the trend as well as a period to attempt

remedial measures.

b) If the acceleration does proceed for six months, and if remedial actions do not

stabilize the roof, then waste removal should be started. This would be complete

20



one year after first detection of the accelerating trend. This time frame completes
removal one year before projected failure, or six months before critical roof

conditions are developed, giving a six month margin of error for earlier failure

L1

development or for delays in the removal of waste.
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The summary report contains:

o An accurate record of the meetings of the Geotechnical Panel on
Panel 1 Stability.

o A copy of the report provided to Westinghouse by this panel
member.

o An accurate presentation of the consensus agreed to by the panel
members at the meetings on the 23rd and 24th of April 1991.
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RESPONSE TO STATEMENT 1 Panel Member: Joe R. Tillerson

Very limited data exist for judging the longevity of even unbolted
rooms at the WIPP. The data that do exist have significant scatter
related to the 4 most direct areas of comparison (ie the SPDV rooms).
As regards the performance of bolted rooms at the WIPP site, almost no
data exist at this time on the effectiveness of the bolting system.
This lack of data makes it very difficult to predict longevity with any
degree of certainty. However, it is my opinion that none of the three
cases considered as part of this statement will provide sufficient
longevity at a high level of confidence to assure satisfactory
completion of the testing program. Detailed estimates of the longevity
are therefore of little value for the current support system and are not
inciuded in my response except to say that high confidence cannot be
achieved for the desired 14 year lifetime needed (5 years old now plus
up to 9 years possible for the experiments).
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STATEMENT 2 REVISION 1

The rockbolt system as currently configured, is sufficiently effective to
ensure that the test program in Panel 1, in particular Roam 1 can be
campleted.

Assumptions

1.

The test program will start in July 1991.

4‘

The bins CANNOT be disconnected and moved to facilitate
maintenance of the roaoms.

Revised Assumption
(replacing Assumptions 2 & 3)
The test program including retrieval will be completed by July 2000.

Factors to be

1. The affect that the changes associated with the test program have
on support requirements for Room 1, Panel 1.

2. The rock load to be supported is approximately the full weight of
the roof beam upto the anhydrite "b" layer in the middle third of
the span, and half this weight over the outer two thirds.

3. The adequacy of the factor of safety of the bolting system used in
Room 1, Panel 1 to support the design rock load.

4. The salt above the anhydrite "b" will remain competent.

5. Slippage of anchors provides an acceptable approach to supporting
the rock load while accommodating roof closure, with daily access
to the roam.

6. The mechanism by which the bolt anchors will accammodate the

movement of the salt while supporting the immediate roof beam.



RESPONSE TO STATEMENT 2, REV. 1 Panel Member: Joe R. Tillerson

Three cases were identified in Statement 1: I will answer statement 2
by considering each of those three cases. The responses to each
individual case are given below:

1. No maintenance in terms of scaling of roof, milling of floor or
installation of additional support.

Without maintenance, the data from the unbolted rooms, the age of
the rooms in Panel 1, and the questions related to the potential
for shearing of the existing bolts clearly indicates it is doubtful
that high confidence can be achieved in the performance of the
current support system for the entire duration of the experiments.
However, the same data indicate there would be sufficient warning
of impending large roof falls to allow starting experiments in such
rooms provided bins could be moved, if necessary, during testing to
a more suitable area.

2. Limited maintenance without moving bins.

While "limited maintenance" would certainly require further
definition, it is doubtful in my opinion that high confidence in
the performance of the support system could be achieved for the
entire duration of the tests. This is based on the fact that, with
only limited maintenance, this option does not relieve the concerns
related to bolt shearing effects and would not allow replacement of
bolts that have become ineffective.

3. Extensive maintenance on an as required basis, with bins removed
from room, if necessary during maintenance activities.

This option would allow bolt replacement and even installation of
additional bolts, possibly longer, stronger ones, between the
currently installed bolts. I cannot recommend this approach for
Room 1 because of the large amount of interference that would exist
with the instrumentation and "plumbing" already installed within
the room.

Factors considered in the above response:

Some of the factors considered in the response given above are the
age of the current openings (about 5 years for room 1), the behavior of
the unbolted (or minimally bolted) SPDV rooms, the lack of data at the
WIPP site on the multi-year performance of bolts, WIPP fracture data
that clearly indicate significant rates of lateral deformation, the lack
of ability of the bolts to retard motion (hence fracturing) within the
roof, the potential for the bolts to shear as a result of the lateral
deformation of the roof, and the promises made related to assuring
retrieval of the bins after the completion of the experimental program.
These items lead me to believe that the bolts will certainly extend the
useful life of the rooms in panel 1. However, none of the approaches
listed above leave me with high confidence that the rooms can be used
for the duration of the testing without significant modification or
enhancement of the support systems so I will not attempt to give a
useful life for these rooms without modification.

N
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" STATEMENT 3 REVISION 0

The level of confidence that can be placed in the estimate of the life for
Panellprondedmthemponsetostatmntllsmaccordamewlth

accepted mining practises.

Factors to be Addressed

1. The extent to which a probabilistic basis for determining risk
assesessment is presently applied in mining.

2. The qualitative nature of geologic information.

3. The extent to which a database or experience is available in the
mnmgmdustryfrananoperatlonspomtofwewtoprcnde
meaningful judgements at the probability levels used in tge
miclear industry (i.e. probabilities of less than 1 in 10°).

This is not to be applied to an assessment of the longterm (10,000
year) performance of a repository.

4. The adequacy of the geamechanical database developed at the WIPP

and the methods currently in place to evaluate the performance of
openings.



STATEMENT 3, REV. O Panel member: Joe R. Tillerson

Probablistic approaches to judging the lifetime for usable access to
openings in underground operations are, at best, in their infancy and,
hence, are not likely to provide significant credibility if applied to
the current questions surrounding the stability of rooms in Panel 1.
Underground safety for facilities that require a significant lifetime is
generally approached with conservative, but reasonable designs for
support systems and a very strong and unwavering commitment to
monitoring and prompt maintenance. The data gathering activities at the
WIPP site have provided much valuable information for use in making
decisions related to underground operations but do not provide, as yet,
sufficient basis for the extensive application of probabilistic methods
for failure predictions. Some applications of probabilistic methods are
probably appropriate for evaluating some concerns that arise in
evaluating the current data; one example of this would be probabilistic-
based evaluations of how long it would take to determine if the rate of
room closure were accelerating if the uncertainties in individual
measurements is considered. The current geotechnical database provides
some very good information related to the performance of openings but,
in my opinion, should be expanded in the rooms in which the bin tests
will be conducted. The current measurements rely very heavily on
closure information; difficulties in determining whether the predominant
motion is occuring in the floor or the back could be overcome by the
addition of a few multipoint extensometers, predominately in the back,
in each room and in the accessways. The extensometers would provide
excellent indications of the extent and principal location of roof
motion. Some extensometers placed in the floor could also provide
excellent insights into the extent and timing of the behavior of the
floor. In addition, observation boreholes should be added to the rooms
and accessways in panel 1 to assess potential shearing motion as
fractures form in the roof.
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STATEMENT 4

Modifications to the support system in Panel 1 can be implemented to
ensure that access is maintained to the roams on a daily basis until the
tests are campleted.

Factors

1. The modifications and additions to the support system needed to
ensure the campletion of the tests.

2. The maintenance activities that will be needed in the roam.

3. The need to remove the cables for the bin scale tests in order to
install additional support.



RESPONSE TO STATEMENT 4 Panel member: Joe R. Tillerson

It is certainly conceivable that the current support system with timely
maintenance could allow the rooms to be usable for the entire duration
of the bin experiments. However, without additional enhancement of the
support systems in Panel 1, it is my belief that we cannot have high
confidence in the usability of the current rooms as is for the intended
duration of the experiments.

Numerous options exist that have been effectively used in other
underground applications and could be used to further enhance the usable
lifetime of the rooms in which the experiments will be conducted. These
enhancements could provide the required high confidence level. This is
especially true since the data from the SPDV rooms and other underground
areas have established the expected displacement patterns and failure
mode of the rooms.

For the behavior observed in the WIPP, proposed enhancements of the
support systems generally fall into two categories:

1. Enhancements that relieve the stresses on the roof beam that
could fail (eg. slot cutting in the roof or mining of adjacent
openings) and

2. Enhancements that prevent large blocks of the roof from
falling on the bins (eg. installation of longer, stronger
bolts between the current bolts, cribbing, cable systems that
are combined with wire mesh, yielding trusses)

Since my experience and expertise lie more in the modeling of the
behavior of the salt and the support systems, please rely on other panel
members with support system design experience for detailed definition of
the enhancements. My principal comment is that the mechanics of the
proposed enhancements are sound and with proper installation should be
capable of being implemented effectively to assure with high confidence
the stability of the openings for the duration of the experiments. As
regards the mechanics of the potential behavior of concern, the
following items are noted:

1. Lateral movement of the salt in the "roof beam" is the
predominant mechanism of concern.

2. Sliding occurs along the clay seams since shear stresses are not
effectively transfered from one side of a seam to the other.

3. Fracturing occurs progressively with time in the roof area as a
result of the strains that build up with time in the salt. The
degree of fracturing is a function principally of the size of the
opening, age of the opening, distance to interbeds, and specific
location in the opening.



RESPONSE TO STATEMENT 4, CONT. Panel Member: Joe R. Tillerson

4. Bolts are unlikely to affect the rate of deformation occuring in
the rooms prior to the point at which the separation in the roof
begins to accelerate. This has been shown in numerous published
analyses completed in the last 15 years.

4. Slippage of the anchors is not the likely mechanism for long-
term degradation of the bolt performance.

5. Little measured data are available on the mechanics of the
performance of support systems in evaporite deposits. Observational
data are often available that clearly confirm the acceptable
performance of such systems or the need for modifications.

Engineering and associated implementation of proposed enhancements
should be able to be completed in most rooms in Panel 1 within 6-9
months. If Room 1 were substantially modified, it would probably take
longer since extensive bin-related cables are already installed.

RECOMMENDATIONS:

Assure that contingency planning and procedure development is
complete related to such activities as where, when and how bins can
be moved, geotechnical conditions under which bin removal would be
initiated, and support system maintenance. Such planning must also
establish how the experiments will be terminated (eg.cable or
hardware removal requirements and should allow sufficient time for
backfilling the rooms prior to conditions becoming unsafe.

Initiate bin testing in Room 1 after only limited enhancements are
added if the current schedule is maintained.

As soon as practical after recommendations are received from the
expert panel, initiate the engineering and implementation of both
categories of support system enhancements in other rooms in Panel 1
or, if preferable, in other freshly-mined rooms. Support system
enhanvements should be evaluated in both design studies and in
detailed numerical modeling. Also, site-specific data on the
performance of support system enhancements should be obtained.
Strong consideration should be given to installing the enhancements
in the most recently constructed rooms in the panel and in the 33’
wide portions of the accessways. This would provide in a timely
manner the needed space for safely conducting all the bin
experiments for the entire potential duration. If necessary, bins
initially emplaced in Room 1 could be moved to this area.
Enhancements and associated data monitoring may also be desired in
areas outside of Panel 1 to assure timely availability of data on
the support system performance.



RESPONSE TO STATEMENT 4, CONT. Panel Member: Joe R. Tillerson

Initiate contingency planning related to conducting the alcove
experiments. This planning should consider advantages and
disadvantages of conducting the experiments in an alternate
location outside of Panel 1. This planning is needed since those
experiments are likely to be delayed for several years and since
those experiments would require use of the 33’ wide accessways

s around the Panel 1 rooms for a significant period of time beyond
that currently being considered by the expert panel. The planning
should also define the maintenance required to keep the wide
acce?sways open if the alcove experiments are to be conducted in
Panel 1.

iRie
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1, can provide sufficient warning to allow the timely retrieval of the
waste from the Panel.

Assumptions
1. In an emergency, all waste can be removed fram the roam within a
6 month pericd.
Factors to be Addressed

1. The adequacy of the geomechanical database developed at the WIPP
provides an adequate basis to predict and provide early warning of
deteriorating conditions in Room 1.

e 2. The adequacy of the present geamechanical instrumentation,
installed in Roam 1 is adequate to provide early warning of
s deteriorating conditions.

3. The adequacy of the proposed additiocnal geamechanical
instrumentation to be installed in Roam 1 to provide early warning
of deteriorating conditions.

4. The criteria to determine when removal of waste becomes necessary.

11
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RESPONSE TO STATEMENT 5 Panel Member: Joe R. Tillerson

Excellent data exist that document the behavior of the unbolted SPDV
rooms that are the same size and spacing as those in Panel 1. A portion
of the roof in one of the SPDV rooms has failed about 8 years after
construction. Data obtained in this room provided advanced warning of
the roof stability concerns and clearly indicate that a "beam" of
material failed in the roof after substantial vertical and lateral
movement. This advanced warning of impending failure of a slab of rock
had also been monitored in other underground measurements made in a
heater experiment at WIPP. Because of the many similarities in size and
spacing, the data from the SPDV rooms are the best source of information
available upon which to estimate performance of the rooms in Panel 1.

There is also little doubt that substantial advanced warning of
impending roof stability concerns can be provided by an effective
monitoring program. This warning should be sufficient to allow safe
removal of bins from Room 1, if necessary. Some expansion of the
current measurement program is necessary to assure confidence in the
monitoring program.

Additional regions of separation and fracturing could be anticipated to
occur in "beams" above the one seen in the SPDV rooms. Data from the
rock monitoring activities indicate that such fracturing would likely
occur much later and slower than that observed in the immediate vicinity
of the roof. Continued monitoring of the SPDV rooms, rooms in Panel 1,
and other areas of the WIPP should determine the extent and rate of such
phenomena.

RECOMMENDATIONS:

1. Add additional instrumentation and observations to the current
monitoring program for Panel 1. This would include multipoint
extensometers in the roof, rock bolt load evaluations made
periodically in the panel, observation holes in the roof to
evaluation the potential amount of lateral movement, and monitoring
of the wall areas to determine the maintenance necessary for the
hardware bolted to the ribs.

2. Commit to long-term monitoring of the behavior of the SPDV
rooms, particularly Room 4 that was bolted.

3. In addition to expanded geotechnical evaluations made by site
personnel, consortium usage should be considered relative to a
program that seeks to understand and improve how support systems
behave in evaporites. Potential areas of university contribution
relate to statistical evaluations of existing data to assess
confidence levels and accuracies implied for individual readings,
assessments of how quickly accelerating behavior can be developed,
data on various bolt and anchor system performance, and evaluations
of load monitoring systems.

12



RESPONSE TO STATEMENT 5, CONT. Panel Member: Joe R. Tillerson

4. Review the design of the cable systems and "hardware" attached
to the ribs and wall to determine if significant changes are needed
to facilitate access for support system maintenance in rooms where
such hardware have not yet been installed.

5. As previously mentioned, complete contingency planning and

procedure development related to bin movement and support system
maintenance.

13
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The summary report contains:
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o An accurate record of the meetings of the Geotechnical Panel on
Panel 1 Stability.

o A copy of the report provided to Westinghouse by this panel
member .

o An accurate presentation of the consensus agreed to by the panel
members at the meetings on the 23rd and 24th of April 1991.
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Statement 1

An estimate can be established for the period of time that Panel 1, in
particular Room 1 remains accessible on a daily basis beyond July 1991.
(Revision 1)

The following cases should be considered:
o Limited maintenance without moving bins.

o Extensive maintenance on an as required basis, with bins removed
from room, if necessary during maintenance activities.

RESPONSE
Factor 1.

The geamechanical database for the WIPP underground is extensive. It
includes 8 years of instrumentation and observation data from the Site
and Preliminary Design Validation Test Rooms that is directly relevant
for establishing the performance of Panel 1.

Factor 2.

The data indicates that the life of a roam in a panel depends on its
position within the panel. In both the SPDV Test Room Panel and Panel
1, the rooms closest to the pillar protecting the access roadways have
undergone the greatest deformation. In the SPDV Panel, this is Test
Roam 1 ard in Panel 1, it is Room 1. A rock fall occurred in SPDV
Test Room 1 after 8 years but the other SPDV Test Rooms are still
standing. It is anticipated that a range of performance can also be
expected from the rooms in Panel 1.

Since location within the panel is an important determining factor for
room stability, it should be taken into account in deciding the best
location of the bin scale tests. The following range of conditions
are estimated for the panel:

ESTIMATE OF ROOM LIFE (YEARS)

Room 1 Room 4
No maintenance 8 9
Limited maintenance 9 11
Extensive maintenance 10 12
Factor 3.
Lower Bourd 7 8
Upper Bound 11 indefinite

NOTE: Extensive remedial actions will be needed to ensure an
indefinite life. These may include a combination of repeated bolting
of the roof, removal of the rock in the roof, or the installation of a
support system within the room in the form of steel sets or timber
cribs.



Factor 4.

Level of uncertainty associated with estimates cannot be determined
quantitatively. However, the uniformity of the geologic conditions
across the site, and the similarities in the geamechanical properties,
give a high level of confidence that the SPDV Test Roams do reflect
the behavior that can be expected in the panel.

Factor 5.

No response provided for this factor.

Factor 6.

Other geotechnical data is needed to understand more fully how the
fractures behave and how the bolts are working. Improvement to ocur

estimates of room life will come as more data on actual performance
becames available.
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STATEMENT 2

The rockbolt system as currently configured, is sufficiently effective to
ensure that the test program in Panel 1, in particular Room 1 can be
completed. (Revision 1)

RESPONSE
Factor 1.

The requirement for daily access into the rooms in Panel 1 ensures
that the support system must be fully effective at all times. Since
remedial measures inside the room probably should be minimized during
- the bin scale tests, it is suggested that the support requirements in
the rooms be re-examined prior to the start of tests.

Factor 2.

The assumption for the rock load appears reasonable. However, since
questions have been raised regarding the thickened of the rock fall in

SPDV Test Roam 1, accurate dimensions of the roof fall should be
obtained and used as the basis for the design rock load.

Factor 3.

The factor of safety for the bolting based on a triangular rock wedge
with a maximm height of 7.5 feet is about 1.7. The unknowns with
respect to the mechanism of support provided by the anchorage (fixed
or slipping), the dimensions of the rock wedge to be supported, and
the possible effects of lateral rock shifts on the bolts indicate that
a conservative approach to design should be adopted.

Factor 4.

The salt above Anhydrite "b" will remain competent. The geomechanical
data, particularly the inclinometer and extensometer data indicate
that the large movements are primarily taking place within the
immediate roof beam up to the Anhydrite "b" layer.

Factor 5.

If anchor slippage is to be used as a design approach, then more

technical data is needed to evaluate this performance. Discussions
with Dr. J. Scott indicate that the other rockbolt anchorage systems
may provide more controlled anchorage slip.

Factor 6.

The bolts will support the roof by suspension. Bolts will be subject
to anchor slip, and bolt elongation. Mr. J. Parker has suggested that
- bolt shear should be considered.
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STATEMENT 3

The level of confidence that can be placed in the estimate of the life for
Panel 1 provided in the response to Statement 1 is in accordance with

accepted mining practises. (Revision 0)

RESPONSE
Factor 1.
A probabilistic basis for determining risk assessment is not routinely
applied to underground mining due to the lack of an appropriate
database. Information is often confidential to the mining companies
and not readily shared, and in addition, geologic information is not
always readily quantified.
Factor 2.

Geologic information is often of a qualitative nature and not readily
quantified.

Factor 3.

The database for establishing a probabilistic approach to mine design
is not available.

Factor 4.

No response provided for this factor.
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STATEMENT 4

Modifications to the support system in Panel 1 can be implemented to
ensure that access is maintained to the rooms on a daily basis until the
tests are completed. (Revision 0)

RESPONSE
Factor 1.

Tests may be started in Room 1, Panel 1; however, modifications to the
support system or the room will be required in order to obtain a
further 5 years of life. The room is currently five years old, and
its position within the panel as well as its age indicate that it will
be the first to show deterioration. The modifications for extending
its life include:

a. slotting

b. cable lacing

c. rebolting within 2 years with the provision to carry out
additional bolting, if necessary.

If Rooms 4 and 5 of Panel 1 are used for tests, less extensive
modifications to the support system or the rooms may be required.
These rooms are now only 3 years old. The data from SPDV Test Panel
indicates that they have a life span of at least 5 years fram March
1991, but without extensive remedial activities with routine
maintenance.

In addition, other measures may be appropriate including:

a. a redundant support system in the room (roof trusses, cribs,
yielding steel support, additional roof bolting)

b. relief of the lateral stresses that are causing the fracture
development.

Factor 2.

Maintenance activities will be required in the rooms in which the bin
scale tests are carried out. Access to scale the roof and install
additional bolts will be needed as a minimum.

Factor 3.

If Roams 4 ard 5 are used for the bin scale tests, additional support

can be installed before the instrumentation cables are attached to the
roof.



STATEMENT 5

The geomechanical monitoring program and the routine observations in Panel
1, can provide sufficient warning to allow the timely retrieval of the
waste from the Panel. (Revision 0)

RESPONSE

Factor 1.

The geomechanical database at the WIPP has proven to be effective. It
provided early detection of deteriorating conditions in the SPDV Test
Panel. This deterioration was first reported in May 1988 and the roof
fall did not occur in the room until February 1991.

Factor 2.

The geomechanical instrumentation presently installed in the rooms of
Panel 1 would provide early warning of deteriorating conditions.
However, a more camprehensive instrumentation should be implemented to

ensure that no conditions are overlocoked.

Factor 3.

The proposed geamechanical instrumentation for the rooms in which the
bin scale tests will be carried ocut is shown in Figure 1.

Factor 4.

Criteria are currently in place to evaluate routinely ( i.e. every 2
months) the performance of the drifts in the underground. The
criteria used to assess when additional surveillance becomes necessary

are as follows:

o Measured convergence rates that exceed predicted rates. The
predictions are based on an equation that is derived from a
nonlinear regression analysis of selected convergence data from
the underground. This approach has established a relationship
between convergence rate, room geometry and excavation age.

o Convergence rates that accelerate.

o Bed separation.
o Development of rib fractures.

The criteria used by Geotechnical Engineering for the SPDV Test Rooms
was to recommend that access to the rooms be restricted once the rate
along the center line of the drift reached 4.5 inches per year and to
recammend the prohibition of all access once the convergence rate

reached 6 inches per year.
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The following criteria are proposed to determine when removal of waste
becomes necessary: '

a. a roof/floor closure rate along the center line of ther room of 6
inches/year.

b. a fracture that extends for a length of 80 feet continucusly
along a rib/roof/interface.

Factor 5.

There are difficulties in predicting in a geologic envirorment.
However, at the WIPP conditions are very similar across the site, and
the SPDV Test Room data will very likely provide an acceptable
prediction of panel performance.
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APPENDIX III

INSTRUMENTATION FOR ROOM 1, PANEL 1



INSTRUMENTATION FOR ROOM 1, PANEL 1
Existing Instrumentation

Borehole extensometer Two borehole extensometers are installed in each
rib of the room. The extensometers are installed horizontally at wall
mid-height in the pillar near the center of the room. The
extensometers measure movements within the salt.

convergence points Room closure is currently measured at room midspan
at three locations along the room center line.

Proposed Instrumentation

Borehole extensometer Roof extensometers will be installed at three
locations along the center line of the room. The purpose of these
extensometers will be to monitor the possible development of bed
separations at the clay seams below the anhydrite "a" and "b" layers.

Convergence points Additional convergence points will be installed to
provide room convergence at a total of seven cross sections along the
length of the room.

Observation boreholes Observation boreholes will provide visual
observation of fracture development within the immediate roof beam.
These boreholes will be approximately 12 feet deep and will be
inspected on a regular basis.
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PANEL 1, ROOM 1

INSTRUMENTATION LAYOUT

Key to Instrumentation

Existing:
» Vertical RC Chord
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. %Horizontol RC Chord

¢ Roof or Rib MPBX
e Observation Borehole

Planned:
s Vertical RC Chord
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N %Horizontol RC Chord

o Roof or Rib MPBX
o Observation Borehole
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