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NOTICE

This report was prepared as an account of work sponsored by the United States Govern-
ment. Neither the United States nor its Department of Energy, nor any of their employees,
nor any of their contractors, subcontractors, or their employees, makes any warranty,
expressed or implied, or assumes any legal liability or responsibility for the accuracy, com-
pleteness, or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights.
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FOREWORD

The reference design for the underground facilities at the Waste
Isolation Pilot Plant was developed using the best criteria available
at initiation of the detailed design effort. These design criteria are
contained in the U.S. Department of Energy document titled Design
Criteria, Waste Isolation Pilot Plant (WIPP), Revised Mission
Concept-IIA (RMC-IIA), Rev. 4, dated February 1984. The validation
process described in the Design Validation Final Report has resulted in
validation of the reference design of the underground openings based on
these criteria. Future changes may necessitate modification of the
Design Criteria document and/or the reference design. Validation of
the reference design as presented in this report permits the
consideration of future design or design criteria modifications
necessitated by these changes or by experience gained at the WIPP. Any
future modifications to the design criteria and/or the reference design
will be governed by a DOE Standard Operation Procedure (SOP) covering
underground design changes. This procedure will explain the process to
be followed in describihg, eva]uatingkénd approving the change.

The Department of Energy wishes to acknowledge the following for their
contributions to the design validation program:

Bechtel National, Inc.
International Technology Corporation
Sandia National Laboratories
Peer Review Panel
Neville G. W. Cook
Francois E. Heuze
Hamish D. S. Miller
Robert L. Thoms
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WASTE ISOLATION PILOT PLANT
DESIGN VALIDATION
EXECUTIVE SUMMARY

INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) is being developed by the U.S.
Department‘of Energy (DOE) as a research and deve]qpment facility to
demonstrate the safe disposal of radioactive waste from U.S. defense
programs. The facility is located in southeastern New Mexico, about 25
miles east of the city of Carlsbad. Underground development is at a
depth of about 2,150 feet 1in thick deposits of bedded salt. The
facility operation will include in situ experiments addressing
technical issues for defense waste programs and storage of defense
related contact-handled (CH) and remote-handled (RH) transuranic (TRU)

waste.

In 1979, the DOE established a Site and Preliminary Design Validation
(SPDV) Program to provide additional confidence in the siting and
design of the WIPP facility. On July 1, 1981, the DOE entered into an
agreement with the State of New Mexico whereby the DOE would perform
certain work to validate the reference design of the WIPP underground
openings. The results of the site validation portion of the program
are presented in the report titled Results of Site Validation
Experiments, Volumes I and II, TME document 3177, dated March 1983.
The results of the preliminary design validation portion of the program
are presented in the report titled Waste Isolation Pilot Plant
Preliminary Design Validation Report, dated March 30, 1983.

Design validation of the WIPP is defined as the process by which the
reference design of the underground openings is confirmed by
determining the compatibility of the design criteria, design bases and
reference design configurations using site specific information. The
design validation process consists of an assessment of the condition
and behavior of shafts, drifts and a full-sized, four-room test panel



excavated during the SPDV Program and full WIPP construction. Based on
this assessment of these éxcavations, and on predictions of their
future behavior, any modifications to the design criteria, design bases
or design configurations required to achieve a validated reference
design will be developed. In addition, the validated reference design
may be modified in the future as still more data and experience are
ga1ned»during a 5-year demonstration period (period during which all
waste must be retrievable) and permanent storage operations.

The WIPP Preliminary Design Validation Report was an interim report

prepared as part of the overall validation of the WIPP underground
opening reference design. The WIPP_Design Validation_ Final Report

contains .additional information gathered after completion of the SPDV
Program. This information has been analyzed and evaluated to complete
the design validation process for the WIPP.

Four types of information were gathered for the WIPP Design Validation
Final Report: ‘

(1) observations of the behavior of the underground openings;

(2) descriptions of the geologic conditions encountered during

underground construction;

(3) descriptions of core samples from instrumentation and other
holes in the roof and floor of the underground openings; and

(4) data from installed geomechanical instrumentation.

The design validation process provides for the collection, analysis and
evaluation of in situ data. This process is designed to permit
determination of the need to modify elements of the underground opening
reference design so that construction and operation of the full
facility can proceed in a timely, safe, environmentally acceptable and
cost effective manner. DObservation and instrumentation data have been




collected and evaluated for each of the underground design elements.
Tables I through VI at the end of this summary present the evaluation
results for the design criteria,'design bases and design configurations
of the shafts and horizontal openings.

BACKGROUND OF UNDERGROUND DESIGN

Geologic characterization of the site began with a literature review
and continued with the collection of field data. Special emphasis was
placed on correlating data obtained from seismic reflection and
resistivity surveys and borehole drilling. Design information
regarding site stratigraphy from the ground surface to about 250 feet
below the underground facility level was developed from geclogic data
obtained from drill holes ERDA-9, WIPP-12 and DOE-1, and from the SPDV

exploratory and ventilation shafts.

The engineering designs for the WIPP surface and underground facilities
began with the conceptual design, initiated in 1975 and completed in
1977. The conceptual design provided the basis for the deve]opment of
the preliminary design of both the surface and underground facilities,
which was completed in January 1980. The preliminary design
incorporated the conventional room and pillar method for underground

development.

Design of the WIPP provided for the access and storage openings to
remain stable and provide minimum clearance for equipment during waste
emplacement and the 5-year demonstration period, even though these
openings will eventually close due to salt creep. Modeling techniques
were used to estimate the geomechanical behavior and structural
stability of the openings. The preliminary design included numerical
modeling of the selected underground opening configurations. These
models were used to predict opening closures and augmented other
conventional mining industry methods of stability evaluation.



UNDERGROUND FACILITIES

Seven stratigraphic horizons were identified in 1979 as potential
locations for the facility 1level. These horizons were chosen from
examinations of available geotechnical data and on horizon selection
criteria established by the WIPP project participants. Selection of
the final underground deveiopment level was made by the DOE following
the recommendation of WIPP project participants.

The WIPP facility is composed of three shafts connected to a sing]e'

underground facility level. The € & SH shaft provides the principal
means of access and also serves as the primary air intake opening. The
waste shaft is designed to permit the transport of radioactive waste
between the surface waste-handling facilities and the underground
storage area. The exhaust shaft is the primary opening for exhaust air
from the underground facility. A1l three shafts have three principle
constituents: a 1lined section penetrating the rock overburden; an
unlined section penetrating the salt; and a key at the rock/salt
contact to act as a transitibn from the 1lined section to the unlined
section.

The storage level contains all of the underground facilities for waste
handling, waste storage, operations and maintenance. A1l of the
underground horizontal openings are rectangular in cross section. The
drift confiqurations range from 8 feet to 12 feet high and 12 feet to
25 feet wide.

Underground construction was accomplished in two phases. The initial
(SPDV) phase was conducted from May 1981 through March 1983. The
second phase, full construction, was accomplished from October 1983
through February 1985. Both phases included the excavation and
outfitting of shafts, drifts and rooms.



SUPPORTING VALIDATION DOCUMENTS

The primary documents supporting design validation are the WIPP
Preliminary Design Validation Report and quarterly geotechnical field
data reports (GFDR).

The objective of preliminary design validation was to provide initial
“evaluation of the design criteria and design bases, and initial
confirmation of the underground reference design. Geologic mapping,
core drilling and logging, and geomechanical instrumentation data were
assimilated to provide an early, short-term evaluation. The
preliminary conclusions presented 1in the WIPP Preliminary Design
Validation Report stated that the shafts and underground openings were
performing as expected and were stable. In addition, gas had not been
encountered in any significant quantity during excavation and no brine
pockets had been encountered.

The GFDRs were initiated by the DOE to provide data from the SPDV
Program and full construction in a timely manner. The GFDRs were
intended to present in situ data on the geomechanical behavior of the
strata surrounding the underground openings along with visual
observations of opening behavior and analyses of selected underground

design elements.

METHODOLOGY

Design validation is accomplished by determining the compatibility of
the design criteria, design bases and reference design using site
specific information. The design validation process consists of three
major steps: data collection; analysis and evaluation; and prediction

of future behavior.

The data collection program was designed to provide information on the
geologic conditions encountered throughout the underground facility and
on the structural behavior of the underground openings. The program



included geologic mapping, core drilling and 1logging, laboratory
testing, visual inspections, and geomechanical instrumentation
measurements. The data collected from these activities were analyzed
and evaluated to determine the behavior of the various components of
the underground' facility and predict their future behavior by
projecting the results of both finite element model and regression
analyses. .

The geomechanical instrumentation measurements provided in situ data on
the behavior of thetunderground openings. These data were then used in
empirical equations relating time and closure. Laboratory test results
were used to calculate the salt creep and elastic parameters. Salt
creep parameters were also determined by the regression analysis of in
situ data. Long-term behavior of the underground openings was
predicted by extrapo]ation of the results of the regression analysis.

GEOLOGIC CHARACTERIZATION

Geologic characterization of the WIPP underground openings began in
June 1981. Data collection activities included geologic mapping, core
drilling and logging, and fluid measurements. The SPDV exploratory
shaft was mapped prior to selecting the storage horizon. The waste
shaft was mapped, first as the SPDV ventilation shaft and again after

it was enlarged to its final diameter. Geologic mapping was also

conducted in the exhaust shaft.

Geologic mapping of the horizontal openings was conducted during design
validation. This mapping was performed primarily to determine
stratigraphic continuity. Mapping was conducted along one wall of the
drifts to the northern extent of the facility and along the full length
of the south exploratory drift. Geologic mapping was also conducted to

the east and west facility boundaries in the experimental area and in

the test rooms.
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Geologic mapping confirmed the continuity of the stratigraphy within
the horizontal openings to the facility boundaries. Core drilling and
logging confirmed this strgtigraphic continuity for a distance of 50
feet above and below the facility level. The geologic mapping and core
logging did not detect any significant geologic structures. Data from
the core holes were also used to establish the WIPP reference

stratigraphy.

Fluid inflow measurements were obtained by various activities designed
to characterize the two water-bearing dolomite members of the Rustler
formation and the potential for the occurrehce of gas and brine at the
facility level. Measurements in the three shafts showed that water
inflow from the Rustler formation is essentially negligible due to
liner and seal performance.

Small amounts of pressurized gas have been encountered by some
underground core holes. Brine has also been encountered in small
quantities and is sometimes associated with gas occurrences. There has
been no occurrence of gas or brine in quantities significant enough to
jeopardize the stability or safety of the facility. Two programs, the
brine testing program and the gas testing program, are being conducted
to further characterize these occurrences. Neither program is
associated with design validation.

Subsidence monuments have been installed on the surface over the shaft
pillar area. The design criteria require that subsidence due to
underground excavation not exceed 1 inch within a 500-foot radius of
the waste shaft. It is not possible at this time to determine actual
subsidence; this will occur over the next 25 years. Subsidence
calculations used in the reference design indicate that the criteria

1imits will not be exceeded.



C & SH SHAFT

The C & SH shaft consists of a lined section, a shaft key, an unlined
section and a shaft station. The shaft 1liner is made of structural
steel that increases in thickness with depth to withstand increasing
hydrostatic pressure. The reinforced concrete shaft key serves as a
transition between the 1lined and unlined sections of the shaft.
Chemical water seals behind the concrete key are designed to prevent
ground water from flowing behind the key, into the.unlined section of
the shaft. The shaft station is excavated near the bottom of the
unlined section.

Validation of the C & SH shaft reference design was accomplished by
acquiring a variety of gedtechnica] data for analysis, evaluation and
prediction of future behavior. The condition of the shaft Tliner and
key are monitored by geomechanical - instrumentation and visual
inspections. Convergence points measure diametric closure; piezometers
monitor ground-water pressures; strain gauges and pressure cells

monitor the effect of salt creep on the concrete key. Telltale pipes’

in the shaft key provide information on the effectiveness of the
chemical water seals. The unlined section of the shaft is monitored by
extensometers and convergence points and is visually inspected for
fracturing and rock slabbing. The shaft station has an extensive
geomechanical 1instrumentation monitoring system and is inspected
regulariy.

The design basis hydrostatic pressure is suitable. Piezometer
measurements indicate that the hydrostatic pressure is currently much
less than the design pressure. Analysis of the shaft key 1indicates
that 1lateral pressure on the key at the end of the operating period
will be much less than the design basis lateral pressure requirement.
Diametric closure of the key will be minimal. Computational analyses
of stresses and strains indicate that the shaft will be stable and
remain within the required safety limits during its operating 1life.
Analysis of computed diametric closure near the bottom of the shaft




indicated that, while the closure will be within the design criteria
and design basis limits, the lower buntons will be impacted.

The shaft design complies with the design criteria requirements for
ground-water control. Regular inspections of shaft conditions show no
signs of deterioration or instability.

The C & SH shaft station exhibits the highest degree of deterioration
in the underground facility. The fracturing and separation observed
has been stabilized, but will continue to develop. Closure during the
25-year operating life of the station will be on the order of 8 feet
vertically and 5 feet horizontally. These conditions will require
maintenance to ensure safety and to maintain the required minimum

clearances for equipment and operations.
WASTE SHAFT

The waste shaft also consists of a lined section, a key, an unlined
section and a shaft station. The shaft is Tined with unreinforced
concrete from the surface to the top of the Salado formation. The
shaft 1liner terminates with a reinforced concrete key at the
Rustler/Salado formation contact. The shaft is unlined, except for

wire mesh, from the key to the bottom of the shaft.

Data collection activities in the waste shaft have consisted of
geologic mapping, ground-water inflow measurements, geomechanical
instrumentation measurements and periodic visual inspections. Except
fdr convergence points, the geomechanical instruments are monitored
remotely by the datalogger.

The waste shaft data was analyzed with respect to design parameters for
each component of the shaft. As part of the engineering analysis,

predictions of future behavior were made for each of the components.



Stability of the shaft Tiner has been confirmed. The water pressure
exerted on it 1is significantly below the design hydrostatic pressure.
If the pressure should reach the design hydrostatic pressure, the Tiner
will still be stable. The shrinkage cracks in the liner do not present
a structural probliem. '

The shaft key was designed to withstand a lateral pressure due to salt
creep equivalent to 50 percent of the vertical overburden pressure. A
numerical analysis was utilized to simulate the long-term effect of
salt creep on the concrete key. It showed that the computed lateral
pressure at the end of the operating period will be slightly higher
than the design lateral pressure, but well below the total lateral
pressure capacity of the key.

Observations of the waste shaft key have determined that only one minor
seep occurs in the key and that no water seepage 'is occurring from the
base of the key. This supports the conclusion that the water seals are

- functioning, that no water is seeping along the concrete/salt contact,

and that salt dissolution is not occurring behind the key.

The design criteria require that no uncontrolled ground water reach the
facility level through the shafts. Although minor amounts of fly water
do reach the facility, this water has a negligible impact on operations
and does not affect validation of this criterion.

The unliined section of the shaft was designed to be stable and maintain
a diameter adequate for the operating 1life of the facility. The
structural behavior of this section was analyzed using a finite element
model and creep parameters determined from the C & SH shaft in situ
data. The results indicate that the maximum stress occurred
immediately after excavation and will decrease with time. Stress
behavior will not cause a stability problem. Diametric closure due to
salt creep will not exceed the design limits.

-10-
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The design of the waste shaft station is based primarily on operational
parameters. The closure and stability of the station was evaluated
using in situ data from the C & SH shaft station. The estimated
vertical closure rate will result in a total closure of over 7 feet
during the 25 year operating life of the station. Actual closure may
be less, but remedial work will still be required to maintain the

proper clearances.
EXHAUST SHAFT

The exhaust shaft is constructed similarly to the waste shaft. It
consists of a concrete lined section, a shaft key and an unlined
section. The lined section is constructed of unreinforced concrete and
the shaft Kkey of reinforced concrete. The unlined section contains
only rock bolts and wire mesh.

Data collection in the exhaust shaft has been on a much smaller scale
than in the other two shafts. Geomechanical instrumentation was not
required by the original shaft design because geologic and structural
conditions were assumed to be similar to the other two nearby shafts.
However, remotely monitored instrumentation has been dinstalled to
provide shaft-specific information for use in the sealing program.
Geologic mapping and visual inspections have confirmed that the
geologic and geohydrologic environment is similar to that of the other
two shafts. Data from these two shafts have been used to predict the
future performance of the exhaust shaft.

Geohydrologic and geomechanical data from the C & SH shaft and the
waste shaft have been compared to model simulations for each section of
the exhaust shaft. These  models, field observations and
instrumentation data confirm that the exhaust shaft reference design is

suitable for its 25 year operating life.

The shaft liner is stable and has a water pressure against it that is
less 'than the design basis hydrostatic pressure. If the pressure

-11-



increases, the 1liner will remain stable. Shrinkage cracks will not
result in structural instability.

As with the waste shaft, an analysis of the exhaust shaft key indicates
that the lateral pressure calculated for 25 years will slightly exceed
the design Tlateral pressure, but will be well below the maximum
allowable lateral pressure. Computational analyses of the stresses and
strains indicate that the unlined section of the shaft will be stable
and remain within safety 1limits during its operating 1life.: The
computed diametric closure will be within design criteria and design
basis Timits.

Water is entering the exhaust shaft through cracks and construction
joints in the concrete liner. A small amount of water still reaches
the shaft even after a remedial grouting program. When the exhaust

fans are on, this water evaporates before reaching the facility. The:

water seals 1in the key appear to be functioning and there is no
evidence of salt dissolution behind the key.

DRIFTS

The discussion of drifts contained '1n this section pertains to all
horizontal underground openings except the shaft stations, test rooms,
and storage area rooms and their associated drifts. The drifts were
designed in accordance with the design criteria and design bases. The
largest drifts were initially excavated 8 feet high and 25 feet wide.
These drifts have been or will be enlarged to 12 feet high. This drift
height is dictated by the minimum 11-foot operating clearance required
for the waste storage equipment.

A variety of geotechnical activities were conducted to evaluate the
behavior of the excavated drifts. These activities included geologic
mapping, <core drilling and logging, visual inspections, and
geomechanical instrumentation measurements.

-12-
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Visual inspections consisted of qualitative observations and
documentation of various aspects of drift behavior. These observations
are divided into four categories: roof and wall spalling; pillar
fracturing; roof disp]acemenfs and separations; and floor fracturing,
displacements and separations.

Deformational behavior consisting of spalling from the roof and walls
of the drifts and fracturing and spalling at pillar corners has
occufred. Separations and lateral displacements have been detected in
the halite above the roof, primarily at clay seams. These types of
behavior are expected and will continue to occur, but can be controlled

by scaling and rock bolting.

Fracturing has occurred in marker bed 139 (MB-139) and in the overlying
halite beneath the floor of the drifts. The fracturing is not well
developed and occurs primarily beneath large intersections. Based on
experience in local potash mines, this fracturing is not expected to

cause stability or operational problems.

The comparison of measured closure behavior in drifts with different
dimensions indicates that the maximum closure and closure rate will
occur in 12 x 25-foot drifts. The closure rates are affected by the
presence of nearby parallel drifts and crosscuts as well as differences
in salt properties. Based on available measurement data and the
results of modeling aha]yses, the closure rate in the 13 x 25-foot
storage area drifts may be 30 percent greater than that of a single,
infinitely long drift with the same dimensions.

Analyses of salt behavior around the 25-foot wide drifts has determined
both the redistribution of stresses due to creep and the locations of
effective creep4 strain concentrations. The stresses which develop
immediately after excavation relax with time due to creep behavior and
will not cause future stability problems. The strain will remain
within the 1imit required for structural stability with respect to
catastrophic failure.

-13-



The evaluation of field observations and analytical results have shown
that the design criteria were appropriate for design of the horizontal
openings. The criteria identified as requiring specific evaluation
were determined to be suitable. The reference design for the
horizontal openings is therefore validated.

Based on the results of design validation of the drifts, it is
recommended that all drifts be 1inspected frequently for operational
clearance and safety. If the clearance 1is insufficient, the drifts
must be trimmed to the required dimensions. Scaling and rock bolting
should be performed where necessary for safety purposes.

TEST ROOMS

The test rooms comprise a panel of four rooms having a similar
configuration as the planned storage rooms. They have been

instrumented, observed and analyzed to evaluate the behavior of the

future storage rooms. Data collection activities have consisted of
geologic mapping, core drilling and logging, visual inspections and
geomechanical instrumentation measurements. The instrumentation
includes borehole extensometers, inclinometers, convergénce points,
convergence meters and rigid-inclusion, vibrating-wire stressmeters.

Room deterioration has been minimal and consists of spalling from the
roof and walls, vertical fracturing in the pillars, minor displacements
and separations above the roof and beneath the floor, and fracturing
beneath the floor. Areas of drummy rock detected by roof and wall
inspections immediately following excavation were scaled and rock
bolted. These areas have not increased noticeably in size since the
test rooms were excavated, over 3 years ago.

Subhorizontal fracturing has developed beneath the test room floors.
Separations and fractures are on a small scale except for one isolated
location beneath Test Room 3. Fracturing in this area 1is well
developed and occurs 1in two distinct zones. Studies have not shown

-14-
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fracturing of this magnitude to occur anywhere else within the
underground WIPP facility.

The analysis of closure of the test rooms using créep constants derived
from laboratory data underestimate actual closure. The design criteria
closure of 12 inches in 5 years has been exceeded within 3 vyears.
Strains measured in the test rooms compare well with strains computed

by numerical modeling.

STORAGE AREA

The storage area rooms and drifts are designed to permit the permanent
storage of defense-related CH and RH TRU waste. The storage area is
composed of eight panels consisting of seven rooms each. Each room is
13 feet high, 33 feet wide and 300 feet long. The storage area,
including all rooms and drifts, is designed to provide storage space
for 6,530,000 cubic feet of CH TRU waste and 1,000 canisters of RH TRU

waste.

Validation of the storage room reference design depends primarily on
the analysis of data from the four test rooms. Evaluation of the
storage rooms was based on the results of a finite element model
analysis using creep parameters determined from the test room
analyses. The results of this analysis provided determinations of
horizontal and vertical stresses, effectivé stresses, effective creep
strains, principal stresses, room deformation and c¢losure, and

intersection closure.

The analyses show that the stress arch around the opening migrates aWay
with time. The maximum stress occurs immediately after excavation and
is reduced as the opening deforms ovér time due to salt creep. These
stresses will therefore not cause a stability problem in the future.
However, MB-139, the anhydrite bed approximately 4 feet below the
floor, is expected to be subjected to gradually increasing stress and
may exhibit local failure.
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Effective creep strains will intensify and concentrate at some
locations around the opening. While minor spalls and failures are
expected to occur on the excavation surfaces, the rooms will remain
structurally stable.

The storage room reference design of 13 feet high and 33 feet wide was
based on calculations using 1aborétory—derived average creep
parameters. This design allowed for 12 inches of vertical closure and
9 inches of horizontal closure 5 years after excavation. This
accommodates the design bases requirements for a minimum of 16 inches
of ventilation space above the stored waste and a 12-foot minimum
height for storage equipment. The current predicted vertical closure
at 5 years 1is about 22 inches. For permanent storage, the additional
10 1inches of closure can be accommodated by excavating the storage
rooms to a height of 13 feet 10 inches.

If a decision is made to retrieve the stored waste, the design criteria
assumed, using a one-shift-per-day basis, that a room may be as much as
15 years old before removal of all of the waste is completed. A
15-year old room has a predicted vertical closure of 54 inches. This
closure is 14 1inches greater than the maximum acceptable closure and
would result in crushing and possible breaching of the -waste
containers. Because this is not in compliance with the design
criteria, other alternatives must be considered.

A 10 year maximum for retrieval is conservative. If three shifts per
day were utilized, no room would be older than 7 years by the time its
waste was removed. A 7 year old room would have 28 inches of vertical
closure. Additional closure benefits can be gained by excavating a
room to 1is maximum dimensions and then trimming the room to those
maximum dimensions after 1 year of closure. This will allow the room
to close at the rate determined by secondary creep and will result in
21 inches of vertical closure 7 years after trimming. This will meet

- the design criteria requirements.
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The design bases provide for 9 inches of horizontal closure in the
first 5 years after room excavation. The current prediction, based on
in situ data, is 15 inches of closure in the 33- to 34-foot wide
rooms. If the rooms are excavated 34-feet wide and backfilled with
loose salt, this closure will be suitable for permanent storage.

For retrieval, the horizontal closure 15 yeafs after excavation will be
approximately 36 inches. This closure will result in some crushing and
possible breaching of the waste containers. Even if retrieval is
effected within 7 vyears, some containers may still be crushed and

breached.

The timing of retrieval operations and two-stage excavation can be used
to reduce wall-to-wall closure. Using a three-shift-per-day basis, a 7
year old room would close approximately 20 inches. If a first in/first
out storage and retrieval operations is utilized, and waste is removed
before a room reaches an ége of 6 years, horizontal closure will be
reduced to 18 inches. Both these changes would decrease the possiblity
of crushing or breaching the containers. If a 34-foot wide room is
trimmed after 1 year to its initial full dimensions, the horizontal
closure at 7 years will be about 14 inches. This will further minimize
crushing or breaching of the containers. The extent to which crushing
will be minimized is unknown. This 1is because the space between the
waste canisters and the room wall will be filled with loose salt. The
load transferring capabilities of the backfill is not known af the
present time. '

The reference design also provides for permanent waste storage in all
of the storage area drifts. Fifteen years after excavation a 13 x
25-foot drift is predicted to have a vertical closure of about 25
inches and a horizontal closure of about 20 inches. This is suitable
for waste storage but trimming will be required for equipment clearance.

The storage area entry drifts will contain plugs for the isolation of
the storage panels. The final design of these plugs is not vyet
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complete. However, the conceptual design envisions a multiple-
component plug approximately 100 feet Tong.

The reference design for the storage rooms will be considered to be
validated when any of the following recommended alternative
modifications, or combination of these modifications, are incorporated:

(1) Maintain the reference désign storage room dimensions of 13
to 14 feet high and 33 to 34 feet wide and maintain the salt
backfill, but reduce the volume of waste to be stored and
modify the container stacking configuration for the 5-year
demonstration period. Revise the design criteria to require
that waste be retrieved before a room exceeds an age of 7
yvears. This will meet the criteria that the waste containers
not be crushed or breached, but it will require a significant
number of additional storage rooms.

-(2) Maintain the reference design storage room dimensions and
maintain the p1énned waste volume. Revise the design
criteria to delete the requirement for salt backfill and to
require that waste be retrieved before a room exceeds an age
of 71 years. This will meet the criteria that the waste
containers not be crushed or breached without requiring
additional sterage rooms.

(3) Maintain the reference design storage room dimensions,
planned waste volume, and salt backfill requirement. Revise

~the storage operations so that the first-emplaced waste is
the first-retrieved waste with retrieval effected before the
room exceeds 6 years of age. Excavate the room to 14 x 34
feet, then, 1 year later, trim the room to its initial 14 X

34 foot dimensions. This will minimize container crushing

and breaching. More storage rooms will be utilized during

the 5-yeak demonstration period, but the total number of

rooms will remain the same as provided by the reference'
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(4)

(5)

design. This modification will require changing the design
criteria to allow crushing and breaching of the CH waste
containers prior to retrieval and to require a demonstration
of the retrieval and handling of <c¢rushed and breached

containers.

Reduce the reference design storage room width from 33 feet
to 28 feet, maintain the room heijght at 13 to 14 feet, and
reduce the pillar width to 84 feet. Maintain the first room
for RH waste emplacement at the original reference design
dimensions. Reduce the planned waste volume and maintain the
salt backfill requirement. Excavate the rooms to 14 x 28
feet, then trim them to this dimension after 1 year. Use a
first-in/first-out storage operation. This will reduce the
creep to approximately that of a 13 x 25-foot drift.
Stability will be enhanced and crushing and breaching will be
minimized. The volume of excavation will be approximately
the same as for the reference design storage rooms, but with
the advantage of a lower creep rate. If this alternative is
selected, additional engineering evaluation will be required.

Maintain the reference design storage room dimensions, the
planned waste volume, the salt backfill requirement, and the
reference design optimized excavation and storage plan.
Revise the design criteria, as in alternative number 3, to
allow crushing and breaching of the CH waste containers prior
to their retrieval. Require a demonstration of the retrieval
and handling of crushed and breached containers prior to the
receipt of waste. This will not only demonsirate the safe
retrieval of waste during the 5-year demonstration period,
but also during permanent storage.
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In addition to these recommended alternative modifications, the

following modifications are recommended:

(6)

(n

(8)

The drifts used for storage will require maintenance and
trimming to accommodate the required equipment and storage
clearances. Their closure rates are not critical for storage
because they will be used only for permanent storage near the
end of the permanent storage period. '

Add additional rooms to compensate for the space occupied by
the plugs in the storage area entry drifts.

Install instrumentation in the storage rooms to obtain in
situ data to monitor storage room behavior.
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Table I

EVALUATION RESULTS FOR ABRIDGED DESIGN CRITERIA

Page 1 of 7

ELEMENT

RESULT AND
CHAPTER REFERENCE

(1

(2)

Facility design

a.

Designed for an operating life of
25 years.

Underground facilities and equip-
mentshall be designed to be com-

_patible with retrieval operations

for all contact-handied (CH) and
remote-handled (RH) TRU waste,
with a retrieval decision to be
made within 5 years after the

intial emplacement of each species.

The facility will be decommis-
sioned after it has fulfilled its
intended purposes. This will
include backfilling the under-
ground facilities, sealing the -
shafts and decommissioning the
surface facilities.

CH TRU waste *ok

a.

Estimated annual volume is 500,000
cubic feet. ’

Estimated volume at the end of the
5 year retrieval decision period
is 1,410,000 cubic feet.

Estimated total storage capacity
is 6,330,000 cubic feet.

Heat generated from the waste is
negligible; it will be less than
10 milliwatts for average drums,
less than 20 milliwatts for
average boxes, and 10 watts for
few drums containing heat source
plutonium.

Suitable
12.3.3

x

Indicates element for which evaluation

** See Foreword.
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Table I (continued)

EVALUATION RESULTS FOR ABRIDGED DESIGN CRITERIA

Page 2 of 7

ELEMENT

RESULT AND
CHAPTER REFERENCE

Estimated annual quantities are
9,616 six-packs and 2,404 modular
steel boxes.

Estimated total quantities are
121,700 six-packs and 30,430
modular steel boxes.

Underground faciiities and equip-
ment shall be designed to provide
for a determination to effect
retrieval of waste stored for a
period up to 5 years after the
initia)l emplacement and for a
target of 5 to 10 years to reach
the waste and retrieve it after.
the decision is made.

(3) RH TRU waste *x

a.

Assumed total receipt of 1,000
cansisters.

Assumed maximum receipt rate of
two canisters per day and 250
canisters per year.

If assumed quantities are insuf-
ficient, additional RH waste
storage will be accommodated
within existing storage rooms.

Heat generated from the waste is
on the order of 60 watts per
canister.

Access shall be available to all
emplacement positions throughout
the retrievability period.

x

Suitab]e
12.6.1
12.6.2

Suitable
12.3.3
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Table I (continued)

EVALUATION RESULTS FOR ABRIDGED DESIGN CRITERIA

Page 3 of 7
RESULT AND
ELEMENT CHAPTER REFERENCE
f. When both CH and RH waste are *

scheduled for the same room, the
RH waste shall be emplaced first.
After the 5 year retrievability
period has terminated, CH waste
may be emplaced in that room.

(4) Shaft design

a.

Shafts shall be designed to be S
structurally stable throughout the 7.4.
operating 1ife of the underground 8
facility and the decommissioning 9
perijod.

Time-dependent closure of shafts . S
due to salt creep shall be con- 7.
sidered. Shafts shall be designed 8
so that minimum dimensions re- 9
quired for shaft functions are
maintained during design life.

Ground-water flow into the shafts S
shall be controlled so that no 1.
uncontrolled ground water reaches 8
the storage horizon via the shafts. 9

(5) Shaft liner design

a.

Help ensure that dimensions remain
within 1imits required for shaft
functions.

Prevent ground-water flow into the S
shaft. 7.
‘ 8

9

Protect wall rock from deterior- *
ation.
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Table I (continued)

EVALUATION RESULTS FOR ABRIDGED DESIGN CRITERIA

o

Page 4 of 7

ELEMENT

RESULT AND
CHAPTER REFERENCE

d.

Preclude risk of rock fall from
shaft wall.

(6) Mine design

d.

The underground openings shall be
designed so that deformation of

- excavations and pillars will

remain within Timits required for
structural function, ventilation
and safety.

Rock bolts shall be used where
necessary to provide positive
support of roof and walls.

Surface subsidence resulting from
underground excavation shall not

exceed 1 inch within a 500-foot
radius of the waste shaft.

Excavations and pillars shall be
located and dimensioned to avoid
geologic discontinuities. If dis-
continuities are encountered, re-
medial action shall be engineered
to correct the problem.

Design shall be based on estab-
lished mining procedures.

Predicted behavior of the salt
shall be verified by in situ
testing (SPDV) before proceeding
with construction of the storage
area.

Designed to accommodate creep
closure and maintain the minimum
dimensions required for the oper-
ating life of the opening.

*

Suitable
7.4.1
8.4.1
10.4.1

Suitable )
6.5 ' s’

Suitablie
10.4.1
12.6.1
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Table I (continued)

EVALUATION RESULTS FOR ABRIDGED DESIGN CRITERIA

Page 5 of 1
RESULT AND
ELEMENT CHAPTER REFERENCE

h. Creep closure rates used for Suitable
design shall be confirmed by in- 11.3.2
strument observations in the 12.3.2
excavations.

i. Excavation dimensions shall in- Suitable
clude allowance for creep closure 12.6.1
sufficient. to prevent container 12.6.2
breaching by creep-induced
stresses during the retrievability
period.

j. Minimize the potential for reposi- Suitable
tory rock fracturing. 11.4.1

k. Underground waste storage pro- Suitable
cedures shall include a designed 12.6.1
backfill plan for fire protection.

The backfill thickness shall be 1
to 2 feet.

1. Permit isolation of panels of Suitable
rooms with plugs after storage and 12.6.1
backfilling are completed.

m. Air locks, dampers, regulators and *
doors shall be designed and in-
stalled in such a manner that they
can accommodate creep without im-
pairment to their ability to main-
tain ventilation separation.

(7) Emplacement criteria

a. The underground storage rooms and Suitable

access drifts shall be designed to 12.6.1

be compatible with the waste
transport vehicle, with waste con-
tainer sjzes, shapes, weights and
stacking configurations, and with
waste emplacement equipment. -
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Table I (continued)

EVALUATION RESULTS FOR ABRIDGED DESIGN CRITERIA

. Page 6 of 7
RESULT AND
ELEMENT CHAPTER REFERENCE
b. Provisions shall be made to accom- Suitable
modate backfilling over and around 12.6.1
CH waste containers.
c. Each storage panel shall have pro- Suitable
visions for being isolated from 12.6.1
other panels upon completion of
storage operations in that 'panel.
(8) Retrievability
a. A1l wastes placed into the WIPP Suitable
are retrievable, with retriev- 12.6.1
ability to be demonstrated, until 12.6.2
such time as the pilot plant is
converted to an operational repos-— .
jtory for permanent disposal of C::>
wastes. -
b. Each storage room shall allow for, Suitable
salt creep and shall be sized to 12.6.1
minimize breaching of the CH waste 12.6.2
containers for a period of 10
years.
(9) Underground excavation and haulage
a. Mining shall be performed with *
continuous miners or equivalent
machine type devices. Drill and
blast-type mining shall be pro-
hibited except where authorized.
b. Underground design shall provide Suitable
maximum stability for excavated 7.4.1
rooms and entries. 8.4.1
10.4.1
11.4.1
12.6.1
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<::: : Table I (continued)
. ]
" EVALUATION RESULTS FOR ABRIDGED DESIGN CRITERIA

Page 7 of 17
RESULT AND
ELEMENT CHAPTER REFERENCE
c. Meet or exceed the intent of the *

applicable requirements of the

MSHA in 30 CFR 57.9 and the New
Mexico Mine Safety Code for All
Mines.

O
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Table II

EVALUATION RESULTS FOR C & SH SHAFT DESIGN BASES

RESULT AND
ELEMENT CHAPTER REFERENCE
(1) Shaft liner

a. Hydrostatic pressure is considered Suitable
to start 250 feet below the ground 7.4.1
surface and extend to the top of
the key.

b. Water shall be prevented from Suitable
flowing down the unlined shaft : 7.4
from behind the liner.

(2) Shaft key

a. Key shall be designed to resist Suitable
the lateral pressure from the 7.4.1
salt. (Assumed to be 75 percent
of the overburden pressure.)

b. Key shall be designed to resist Suitable C::}
the hydrostatic pressure from 7.4.1
above the salt.

(3) Unlined section
Provide 11-foot 8-inch diameter to Suitable
allow for future salt creep deforma- - 7.4.1

tion.
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Table II1

EVALUATION RESULTS FOR WASTE SHAFT DESIGN BASES

ELEMENT

RESULT AND
CHAPTER REFERENCE

(1)

(2)

(3)

Shaft tiner

Hydrostatic pressure is considered to
start 250 feet below the ground
surface and extend to the top of the
key.

Shaft key

Design lateral pressure shall be 50

- percent of the vertical pressure due

to soil, rock and salt overburden.

Unlined section

Provide 20-foot diameter to allow for
future salt creep deformation.

Suitable
8.4.1

Suitable
8.4.1

Suitable
8.4.1
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Table IV

EVALUATION RESULTS FOR EXHAUST SHAFT DESIGN BASES

LEMENT

" RESULT AND -
CHAPTER REFERENCE

(D

(2)

(3)

Shaft 1iner

Hydrostatic pressure is considered
to start 250 feet below the ground
surface and extend to the top of the
key.

Shaft key

Design lateral pressure shall be 50
percent of the vertical pressure due
to soil, rock and salt overburden.

Unlined section

Provide 15-foot diameter to allow for
future-salt creep deformation.

Suitable
9.4.1

Suitable
9.4.1

Suitable
9.4.1
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Table V

EVALUATION RESULTS FOR STORAGE AREA DESIGN BASES

ELEMENT

RESULT AND
CHAPTER REFERENCE

(M)

(2)

(3)

Operational requirements

a. The storage area rooms, drifts and
crosscuts shall be designed to
allow for retrieval of all CH and
RH waste stored for a period of up
to 5 years after the initial em-
placement of each waste species.

b. Excavation dimensions in the waste

storage area shall be to a uniform

height of 13 feet.

Essential features

Provide 1 foot vertical and 9 inches
horizontal allowance for creep closure
to maintain the minimum design
dimensjons up to 5 years after initial
emplacement.

Safety design requirements

A minimum opening of 16 inches shall
be left at the top of the rooms and
drifts for air passage above the waste
and backfill.

Suitable
12.6.1
12.6.2

Suitable
12.6.1
12.6.2

Suitable
12.6.1
12.6.2

Suitable
12.6.1
12.6.2
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Table VI

EVALUATION RESULTS FOR DESIGN CONFIGURATIONS

Page 1 of 2
RESULT AND
ELEMENT CHAPTER REFERENCE
(1) C & SH shaft
a. Provide 5/8 to 1 1/2-inch thick Suitable
and 10-foot 1.D. stiffened steel 7.3.2.1
liner in upper 846 feet. 7.3.3.1
b. Provide 30-inch thick, 10-foot Suitable
I.D. and 39-foot long concrete key 7.3.2.2
at rock/salt interface. 7.3.3.2
t. Provide 11-foot 10-inch diameter Suitable
unlined shaft below the key. 7.3.2.3
7.3.3.3
d. Provide 17-foot high and 32-foot Suitable
wide station. 7.3.2.4
7.3.3.4
(2) Waste shaft
a. Provide 10 to 20-inch thick and Suitable
19-foot I.D. concrete liner in 8.3.2.1
upper 837 feet. 8.3.3.1
b. Provide 51-inch thick, 19-foot Suitable
1.D. and 63-foot 1ong concrete key 8.3.2.2
at rock/salt interface. 8.3.3.2
¢. Provide 20-foot diameter unlined Suitable
shaft below the key. 8.3.2.3
8.3.3.3
d. Provide 17-foot high and 30-foot Suitable
wide station. 8.3.2.4
8.3.3.4
(3) Exhaust shaft
a. Provide 10 to 16-inch thick and Suitable
14-foot 1I.D. concrete liner in 9.3.2.1
upper 844 feet. 9.3.3.1
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Table VI (continued)

EVALUATION RESULTS FOR DESIGN CONFIGURATIONS

Page 2 of 2
RESULT AND
ELEMENT CHAPTER REFERENCE
b. Provide 42-inch thick, 14-foot Suitable
I.D0. and 63-foot long concrete key 9.3.2.2
at rock/salt interface. ’ 9.3.3.2
c. Provide 15-foot diameter unlined Suitable
shaft below the key. 9.3.2.3
9.3.3.3
(4) Storage area
a. Provide 13-foot high and 25-foot Suitable
wide or smaller drifts. 12.6.1
12.6.2
b. Provide 13-foot high and 33-foot Suitable
wide storage rooms. 12.6.1

C 12.6.2
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CHAPTER 1
INTRODUCTIGON

1.1 PURPGSE

This report presents the results of validation of the underground
opening reference design for the Waste Isolation Pilot Plant (WIPP).
The basis for the report is defined in the Design Validation Plan (ref.

'1—1) which, in part, includes certain data requirements defined in the

Stipulated Agreement (ref. 1-2) reached between the U.S. Department of
Energy (DOE) and the State of New Mexico on July 1, 1981.

Design validation of the WIPP is defined as the process by which the
reference design of the underground openings is <confirmed by
determining the compatibility of the design criteria, design bases and
reference design configurations using site specific information. The
design validation process consists of an assessment of the condition

and behavior of shafts, drifts and a full-sized, four-room test panel

excavated during an initial stage known as the Site and Preliminary
Design Vvalidation (SPDV) Program and during full WIPP construction.
Based on this assessment of these excavations, and on predictions of
their future behavior, any modifications to the design criteria, design
bases or design configurations required to achieve a validated
reference design will be developed. In addition, the validated
reference design may be modified in the future as still more data and
experience are gained during a 5-year demonstration perijod (period
during which all waste must be retrievable) and permanent storage

operations.

In fulfilling the data requirements for design validation, this report
provides documentation of actual underground conditions encountered as
they relate to the design criteria, design bases and design
configurations for the reference design of the underground openings.
The contents of this report include all relevant data and field
observations acquired for design validation. The underground openings
excavated to date provide a firm basis for evaluation of the current
and expected future behavior of the underground development.
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The purpose of design validation is to:

o validate the underground reference design, thus providing
confidence in the safety and stability of the WIPP underground
openings;

o confirm the suitability of the design criteria, design bases
and design configurations established specifically for the
reference design of the underground openings;

o re-confirm and expand upon the conclusions of the SPDV Program;
and

0 comply with the DOE agreement with the State of New Mexico to
validate the reference design of the WIPP underground openings.

This process was initially described in the WIPP Preliminary Design
Validation Report (ref. 1-3) 1issued in March 1983. That report

presented the results of a preliminary evaluation of the underground
opening reference design based on activities conducted during the SPDV
phase of underground development. That initial report was prepared in
response to conditions contained in the Stipulated Agreement
(Appendix A) between the DOE and the State of New Mexico which
pérmitted a preliminary evaluation of design considerations at an early
stage in underground development and allowed for any reference design
modifications deemed necessary for full WIPP construction. The WIPP
Design Validation Final Report (this report) is an extension of the

preliminary report and presents further confirmation of the reference
design based on additional data collected since completion of the SPDV
Program in both old and new areas of underground excavation.

The WIPP Design Validation Final Report presents:

o a summary of the background and development of the WIPP
reference design; '



-

O

o the design criteria and 'design' bases used to develop the
reference design for the underground openings;

o geologic characterizations of the shafts, drifts and test rooms;

o the methodology used for data collection, its analysis and
evaluation, and the predictions of future behavior of the
underground openings;

o the description of data collection activities in the shafts,
drifts and test rooms; '

o analyses and evaluations of the geologic behavior of the rock
strata surrounding the shafts, drifts and test rooms based on
visual inspections and geomechanical instrumentation

measurements;

o predictions of expected future conditions of the underground
openings based on model simulations using in situ data;

o an assessment of the suitability of the design criteria and
design bases and validation of the reference design
configurations, with recommendations for design modifications,

if any;

o recommendations for operation and maintenance of the
underground facility as they pertain to design validation; and

o all data and reference sources that support design validation.

1.2 SCOPE

Design validation of the WIPP underground openings has been
accomplished through an assessment of their safety, stability and
predicted future behavior. Observation and dinstrumentation data
consistent with the Design Validation Plan objectives have been
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collected and evaluated for each of the major design elements: shafts,
- drifts and test rooms.

Initial analyses and evaluations of the underground data obtained for
design validation were provided in the WIPP_ Preliminary Design
Validation Report. The WIPP Design Validation Final Report presents
the results of activities whose objectives are outlined in the Design
validation Plan. These activities included field data collection and

analyses of these data to determine the validity of the reference
design.

Basically, four types of information were gathered for design
validation. These are:

(1) observations of the behavior of the underground openings;

(2) descriptions of the geologic conditions encountered during
underground construction;

(3) descriptions of core samples from instrumentation and other
holes in the roof and floor of the underground openings; and

(4) data from installed geomechanical instrumentation.
Field tasks performed to gather this information included the following:

0o estabiishment of survey control for underground excavations and
reference points for geologic mapping;

o development of procedures and standards for activities such as

geologic mapping/logging of underground excavations;

"o geologic mapping in the shafts and horizontal openings;

‘u!_,
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o examination and logging of rock cores from boreholes to obtain

geologic information;

o observation and measurement of ground-water flow intov the
shafts;

o measurement of hydrostatic and lateral pressures on the shaft
liner and shaft key;

o monitoring the floor height of horizonta] openings above the
top of marker bed 139 (MB-139) and the height of clay seams
above the roofs using core hole data;

o measurement of closure in the shafts and horizontal openings;
o determination of the presence of gases and fluids;
o0 survey of shaft verticality; and

o examination of all surfaces of underground openings for
displacement of clay seams, fracturing, roof sagging, floor
heaving, or other occurrences that may indicate unstable
conditions.

1.3 HISTORICAL BACKGROUND

The WIPP is being developed by the DOE as a research and development
(R&D) facility to demonstrate the safe disposal of radioactive
waste from U.S. defense programs. The facility 1is 1located in
southeastern New Mexico, about 25 miles east of the city of Carlsbad
(Figure 1-1). The underground development 1level is at a depth of
approximately 2,150 feet 1in thick deposits of bedded salt. The
facility will idinclude space for the permanent storage of defense
related transuranic (TRU) waste and for in situ experiments addressing
technical issues for high-level defense waste programs. The WIPP's
phased design and construction resulted in initial confirmation of the
underground opening reference design through the SPDV Program. Design
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validation will provide confirmation of the decision to continue
facility construction with subsequent in situ experiments and defense

TRU waste storage.

The WIPP project is the result of waste management program efforts that
were started by the U.S. government as long ago as 1955 when the U.S.
Atomic Energy Commission (AEC) requested that the National Academy of
Sciences (NAS) evaluate methods for disposing of radioactive waste in
geologic formations. The NAS recommended bedded salt as the geologic
formation providing the highest confidence for 1long-term isolation of
waste from the biosphere. As a result of these efforts, thé DOE
(formerly the AEC) initiated the WIPP program in 1975. The major
accomplishments of the program are listed in Table 1-1.

Assessments tﬁat pertain to design of the WIPP include extensive
analyses of the impact of the facility on present and future
environments. A Final Environmental Impact Statement (FEIS) (ref. 1-4)
was prepared which provides information about the environmental and
safety .consequences of the WIPP project. A Safety Analysis Report (SAR)
(ref. 1-5) was also prepared to support construction and operation of
the WIPP. The SAR addresses all aspects of industrial and nuclear
safety of the project and is updated periodically.

The WIPP 1is being developed in phases. At the time this report was
prepared, most of the site characterization, design and supporting
technological development had been done. The engineering design of the
underground openings began with a conceptual design followed by a

-preliminary design and finally a detailed reference design. Facility

development at the site began with the SPDV Program which allowed direct
observation of the underground facility geology through two shafts and

associated underground drifts. This program provided data for
preliminary evaluation and confirmation of the reference design of the
proposed underground excavations. Design and construction of the

surface facilities have proceeded virtually independent of the
underground opening design validation and are not addressed in this

report.
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Table 1-1

MAJOR ACCOMPLISHMENTS OF THE WIPP PROGRAM

DATE DATE
ITEM STARTED COMPLETED
(1) National Academy of Sciences recommends - 1957
salt as best geologic formation for
disposal of nuclear waste.
(2) Salt deposit studies coﬁducted in New 1972 1975
Mexico by U.S. Geological Survey and
Sandia National Laboratories.
(3) Conceptual design of the WIPP. 1975 1977
(4) Characterization of the WIPP site. 1975 1983
(5) Public law authorizes capital funding - 19717
for the WIPP.
(6) Title I - Preliminary design of the WIPP. 1778 1/80
(7) Safety Analysis Report issued for the WIPP. - 2/80
(8) Final Environmental Impact Statement - 10/80
issued for the WIPP.
(9) SPDV Preliminary Design Validation Program. 1/19 3/83
(10) Detailed design for Site and Preliminary 1/19 10/80
Design Validation (SPDV).
(11) SPDV Site Validation Experiments Program. 8/80 3/83
(12) Title II - Detailed design of the WIPP. 2/81 2/84
(13) Construction of SPDV shafts. 5/81 3/82
(14) Design validation. 4/81 10/86
(15) SPDV shaft outfitting and test room 10/81 1/83
development.
(16) - 7/83

Authorization for full WIPP construction.
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1.4 THE WIPP MISSION

The authorized mission for.the WIPP emphasizes its role as an R & D
facility to demonstrate safe disposal of radioactive waste from U.S.
defense programs. Its mission is also to provide information from site
characterization, laboratory experiments, geomechanical instrumentation:
and in situ tests which can be used to develop performance-assessment
models for technological applications. Figure 1-2 shows the
underground layout of the three R & D areas at the WIPP.

The WIPP R & D Program consists of three major program areas:
(1) site characterization and eva]uatioh;
(2) repository development and.operation; and
(3) waste package interactions.

In addition to providing for the permanent storage of defense related
TRU waste, these program areas include technology development in waste
isolation, 1in situ- tests without radioactive material, and in situ
tests with radioactive material. The WIPP will also serve as a
laboratory for experiments with high-level defense waste. All
high-level wastes will be removed from the WIPP at the conclusion of
the testing period. These 1in situ waste experiments and associated
activities are not part of design validation and, therefore, are not
discussed in this report. An initial description of the in situ
testing plan for the WIPP R & D Program was provided in Sandia
National Laboratories' (SNL) Report 2628 (ref. 1-6).

1.5 DESIGN VALIDATION PROGRAM

Validation of the WIPP facility underground reference design is based
on a strategy consisting of a detailed plan and approach for validating
major reference design elements. A description of this strategy is
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contained 1in the document titled Design validation Strategy (ref.
The elements comprising the strategy for design validation are:

1-7).

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

1)

Identify the design approaches and construction activities

for the underground openings.

Identify the design criteria, design bases and design
configurations to be validated.

Develop the methodology for)va]idation.

Acquire data on the underground development level from core
samples, geologic mapping, laboratory tests, in situ tests,
visual observations and mines in similar geologic formations.

Synthesize the data obtained from the activities in element 4
to define the geologic environment of the facility level.

Evaluate 1in situ geomechanical instrument measurements and
visual observations to determine the response of the geologic
materials to changes resulting from excavation or other

disturbances.
Predict the future behavior of the underground openings and
salt surrounding the openings based on current in situ

measurements, visual observations and computational analyses.

Provide for comparisons of predicted and existing conditions

at regular time intervals.
Document design validation results and conclusions.
Provide recommended design modifications as required.

Provide data and reference sources to support the performance
of the above activities.
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Design validation efforts for the WIPP began with the SPDV Program.
This program involved the excavation of underground openings, shafts,
drifts and test rooms, representative of the full WIPP facility. These
underground openings permitted the direct examination of geologic
features and material behavior at the facility level. Additional
observations and geomechanical instrumentation measurements were
. obtained following completion of the SPDV Program to complete the
design validation program. A brief description of the design
validation program is presented in the following subsections.

1.5.1 Site and Preliminary Design Validation (SPDV)

The SPDV Program was designed to further characterize and validate the
WIPP site geology and provide preliminary validation of the underground
opening reference design. The SPDV Program was composed of two
integrated parts: '

(1) site validation (ref. 1-8) to increase confidence in the
process of site characterization and qualification; and

(2) preliminary design validation to assess the condition and
behavior of excavated shafts, drifts and a full-sized,
four-room test panel similar to those planned for the waste
storage area.

The general SPDV underground 1layout is shown on Figqure 1-3. The
underground development 1level is located in Zone II, a WIPP site
control zone that delineates the 1imits of underground storage. A
preliminary design validation report was issued on March 30, 1983.
This report presented the results of early observations and analyses of
the condition and behavior of the SPDV excavations and is discussed in
Chapter 4.
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1.5.2 Design VYalidation

Major activities related to design validation are cited in Table 1-2.
As indicated by this table, field data coliection activities that began
with the SPDV Program were continued beyond the end of the program to
provide additional data for design validation. The design validation
process includes the evaluation and analysis of data obtained by these
activities. The results of these evaluations and analyses have been
presented in quarterly geotechnical field data reports (GFDR), each of
which presents a discussion of different selected elements of the WIPP
underground development. These reports provide supporting
documentation for the WIPP Design_Validation Final Report and are
discussed in Chapter 4.

Some of the field data collection activities shown in Table 1-2 will
continue after submittal of the WIPP Design Validation Final Report and
beyond the completion of full WIPP construction. Collection of this
data will provide additional information on the behavior of the
underground openings through the 5-year demonstration period and
through permanent storage operations. The data will also permit

continuous monitoring of the safety of the openings. Underground
facility reference design modifications will be made as required by an
evaluation and analysis of these data. The data obtained will be
periodically distributed to the project participants, the State of New
Mexico, and will be placed in WIPP public reading rooms.
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Table 1-2
DESIGN VALIDATION ACTIVITY SCHEDULE

ACTIVITY RESPONSIBILITY SCHEDULE

(1) Prepare and issue Design Validation 8/00E 7/82 - 1/83
Plan

(2) Field data collection:

a. Geologic mapping of TSC/B 3/82 - 3/83
vertical and horizontal ’
underground excavations
b. Geomechanical instrumentation TSC/8 4/82 - 3/83
measurements and visual
observations in shafts, drifts,
and test rooms
¢. Log core from holes in horizontal TSC/B 10/82 - 3/83
underground openings
d. Fluid inflow measurements TSC/B 9/81 - 3/83
e. Shaft verticality surveys DOE/TSC 1/82 - 3/83
(3) Evaluate field data; prepare B 10/82 - 3/83
Preliminary Design Validation
Report
(4) Issue Preliminary Design DOE 3/83
Validation Report
(5) Continue with (2a), (2b), (2¢), TSC/B 3/83 - 7/86
and (2d) above :
(6) Evaluates/analyze field data; B 3/83 - 5/86
prepare Design Validation Final
Report '
(7) Design Validation Final Report B 5/86 - 6/86
review by Peer Review Panel
(8) Issue Design Validation Final DOE 10/86

Report ’

B = Bechtel National, Inc.; DOE = U.S. Department of Energy; TSC =
<::> Technical Support Contractor (Westinghouse Electric Corp.)
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CHAPTER 2
BACKGROUND OF UNDERGROUND DESIGN

2.1 SITE CHARACTERIZATION AND EVALUATION

WIPP site characterization programs have consisted of geologic and
hydrologic studies as well as biologic, meteorologic and economic
studies. Geologic and geohydrologic characterization of the site,
which started with surveys of literature and existing data, continued
with the collection of new data and had the greatest degree of
influence on design of the underground facility. Special emphasis was
placed on correlating data obtained by geophysical techniques and
borehole drilling. The geophysical techniques most widely used were
seismic reflection and resistivity. Borehole drilling programs
included holes drilled primarily for stratigraphic information on or
near the site and holes drilled at the edge of, or away from, the site
to study salt dissolution. Three holes, WIPP-11, WIPP~12 and DOE-1,
were drilled through the Salado formation to acquire geologic data on
deeper strata outside the Zone Il boundaries of the site (refs. 2-1,
2-2 and 2-3). Within Zone 11, the drilling of deep exploratory holes,
i.e., to the depth of the WIPP facility level, was restricted by siting
criteria. Prior to the drilling of the SPDV exploratory and
ventilation shafts (subsequently known as the C & SH and waste
shafts, respectively), ERDA-9 was the only borehole within Zone II that
extended below the facility Tevel.

The generalized stratigraphic relationship of the geologic formations
of interest beneath the WIPP site is shown on Figure 2-1. Siltstone
and'fine—grained sandstone are the main rock types forming the Dewey
Lake red beds. The Rustler formation, composed primarily of anhydrite
and fine-grained sandstone, siltstone and mudstone, contains two
water-bearing dolomite beds. Saline water is found in these beds, the
Magenta and Culebra members, and at the contact between the Rustler and
Salado formations. The Salado formation consists largely of halite
containing thin beds of anhydrite and polyhalite with occassioha] thin
clay seams. The Castile is a thick anhydrite and halite formation
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underiying the Salado. The Bell Canyon formation consists primarily of
sandstone, limestone and shale. No aquifers are present in the Salado
or Castile formations beneath the site.

Site stratigraphy from the ground surface to about 250 feet below the
underground facility level 1is presented in Appendix B, Fiqgure B-1,
Sheets 1 through 5. The stratigraphy shown is based on geologic data
obtained from boreholes WIPP-12, ERDA-9 and DOE-1, and from the
C & SH and waste shafts. An analysis of these data shows a strong
correlation of the stratigraphy between the boreholes and shafts from
the ground surface to below the underground facility level. This
correlation is based primarily on the geophysical logs because core
sample logging or "hands-on" mapping was not always carried out through
the entire interval. Where possible, graphic 1lithologic descriptions
based on logging or mapping of the rock strata have been included on
Figure B-1 in Appendix B. This helps to more fully define the
stratigraphic relationships shown by the geophysical logs.

The analysis between boreholes WIPP-12 to the north and DOE-1 to the
south resulted in correlation of the major formation contacts and most
marker beds in the Salado formation. Due to a lack of distinctive
stratigraphic changes, the Dewey Lake red beds exhibit a relatively
uniform profile in both the 1ithologic and geophysical 1logs. The
Rustler formation, however, exhibits é much greater fluctuation in its
geophysical profile as a result of the anhydrite, dolomite and
fine-grained clastic beds it contains. Figure B-1 in Appendix B shows
that the Rustler thickens slightly to the north with a slight rise in
formation contacts occurring in the area of the WIPP facility.

Correlation of the Salado formation stratigraphy between WIPP-12 and
DOE-1 verifies the consistency of most of the marker beds. The
geophysical logs shows distinct breaks where po]yhé]ite and anhydrite
beds occur in the largely halitic rock strata. The major stratigraphic
occurrence, in that portion of the Salado formation shown on Figure B-1
in Appendix B, 1is a thinning of strata to the north. This thinning
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becomes apparent below marker bed 124 (MB-124) and is relatively well
pronounced in the underground facility horizon. The effect of this
thinning is to produce a reversal in the direction of dip of the strata
above and below MB-124 between WIPP-12 and DOE-1. Above this marker
bed the strata dip to the north, while below the marker bed the strata
dip to the south. This thinning of strata controls the slope of the
facility level excavation because the excavation must avoid
encroachment on any stratigraphic horizons that could affect the
stability or safety of the underground openings.

‘The figures in Appendix B show the continuity of rock strata across the
WIPP site and in the area of underground excavation. These figures are
intended to show that the major design assumptions which were made
based on data from boreholes ERDA-9 and WIPP-12 remain valid, based on
additional data obtained from geologic mapping of the underground
openings and logging of underground core holes. Therefore, correlation
of the site stratigraphy from the ground surface to below the
underground facility level confirms the macroscopic continuity of
stratigraphy beneath the WIPP site. Geologic characterization at the
WIPP underground facility level is presented in Chapter 6.. ‘

Geohydrologic data pertaining to the site were obtained from
conventional and special-purpose tests in many boreholes -(ref. 1-5).
Geophysical 1logging of these holes provided hydrogeologic information
on the rock strata encountered. Pressure measuremenis, fluid samples
and ranges of rock permeability were obtained for selected formations.
Also, potentiometric surfaces of major aquifer systems were contoured
by using measured water level elevations in boreholes.

Evaluation of data obtained from early site selection studies indicated
that the current WIPP site was a suitable candidate for the
establishment of a facility to demonstrate the safe disposal of
radioactive waste. Additional studies have resulted in the issuance of
numerous reports regarding the suitability of the WIPP site, including
the Geological Characterization Report, Waste Isolation Pilot Plant

9



(WIPP) Site, Southeastern New Mexico (ref. 2-4), Final Environmental
Impact Statement: Waste Isolation Pilot Plant (ref. 1-4), and the
Waste Isolation Pilot Plant Safety Analysis Report (ref. 1-5). Final
site validation was achieved in 1983 by an evaluation of the data
contained in a report titled Results of Site Validation Experiments,
Waste Isolation Pilot Plant (WIPP) Project, Southeastern New Mexico
(ref. 2-5) which presented the results of studies performed to fully
satisfy all site qualification criteria. This report was followed by a
confirmation of overall site. suitability in a report titled Summary
Evaluation of the Waste Isolation Pilot Plant (WIPP) Site Suitability

(ref. 2-6).

2.2 DESIGN CRITERIA

The Design Criteria, Waste Isolation Pilot Plant (WIPP), Site and
Preliminary Design Validation (SPOV) (ref. 2-7), and the Design
Criteria, Waste Isolation Pilot Plant (WIPP), Revised Mission
Concept-IIA (RMC-ITIA) (ref. 2-8) were wused as gquides by the
Architect-Engineer (Bechtel National, Inc.) in developing the reference
design for the WIPP underground openings. The documents contain
general requirements which were addressed in the reference design. The
Design Criteria, RMC-IIA, is the highest level design document for the
project. A1l other design documents, such as design bases, drawings
and specifications, were required to be in compliance with this

document.

The design criteria also stipulate the type and estimated or assumed
rate of waste to be receijved at the WIPP. The majority of the criteria
presented in the RMC-IIA document are requirements which do not need
evaluation as to their suitability and have no impact on validation
considerations for the underground opening reference design. The major
criteria that governed development of the reference design are
presented in Table 2-1. Although some of the criteria in this table
are elements which cannot be evaluated, they are included because of
their influence on the reference design configurations. Those criteria
that can be evaluated are discussed in later chapters of this report as

2-5



Table 2-1

ABRIDGED WIPP DESIGN CRITERIA

Page 1 of 4

(1) Facility design
a. Designed for an operating life of 25 years.

b. Underground facilities and equipment shall be designed to be
compatible with retrieval operations for all contact-handled
(CH) and remote-handled (RH) TRU waste, with a retrieval
decision to be made within 5 years after the initial
emplacement of each species. (Chapter 12)

¢. The facility will be decommissioned after it has fulfilled its
intended purposes. This will 1include backfilling the
underground facilities, sealing the shafts and decommissioning
the surface facilities.

(2) CH TRU waste *
a. Estimated annual volume 1is 500,000 cubic feet.

b. Estimated volume at the end of the 5 year retrieval decision
period is 1,410,000 cubic feet. C::)

¢. Estimated total storage capacity is 6,330,000 cubic feet.

d. Heat generated from the waste is negligible; it will be less
than 10 milliwatts for average drums, less than 20 milliwatts
for average boxes, and 10 watts for few drums containing heat
source plutonium.

e. Estimated annual quantities are 9,616 six-packs and 2,404
modular steel boxes.

f. Estimated total quantities are 121,700 six-packs and 30,430
modular steel boxes.

g. Underground facilities and equipment shall be designed to
provide for a determination to effect retrieval of waste
stored for a period up to 5 years after the initial
emplacement and for a target of 5 to 10 years to reach the
waste and retrieve it after the decision is made. (Chapter 12)

(3) RH TRU waste *

a. Assumed total receipt of 1,000 canisters.

b. Assumed maximum receipt rate of two canisters per day and 250 f‘ ?
canisters per year.

* See Foreword.
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Table 2-1 (continued)

ABRIDGED WIPP DESIGN CRITERIA
Page 2 of 4

(4)

(5)

(6)

d.

If assumed quantities are 1insufficient, additional RH waste
storage will be accommodated within existing storage rooms.

Heat generated from the waste is on the order of 60 watts per
canister. )

Access shall be available to all emplacement positions
throughout the retrievability period. (Chapter 12)

When both CH and RH waste are scheduled for the same room, the
RH waste shall be emplaced first. After the &5 year
retrievability period has terminated, CH waste may be emplaced
in that room.

‘Shaft design (Chapters 7, 8 and 9)

Shafts shall be designed to be structurally stable throughout
the operating 1life of the underground facility and the
decommissioning period.

Time-dependent closure of shafts due to salt creep shall be

considered. Shafts shall be designed so that minimum

dimensions required for shaft functions are maintained during
design life.

Ground-water flow into the shafts shall be controlled so that
no uncontrolled ground water reaches the storage horizon via

the shafts.

Shaft liner design

a.

b.

c.

d.

Help ensure that dimensions remain within limits required for
shaft functions.

Prevent ground-water flow into the shaft. (Chapters 7, 8 and 9)
Protect wall rock from deterioration.

Preclude risk of rock fall from shaft wall.

Mine design

a.

The underground openings shall be designed so that deformation
of excavations and pillars will remain within limits required
for structural function, ventilation and safety. (Chapters 7,
8 and 10)
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Table 2-1 (continued)
ABRIDGED WIPP DESIGN CRITERIA

Page 3 of 4

Rock bolts shall be used where necessary to provide positive
support of roofs and walls. ‘ '

Surface subsidence resulting from underground excavation shall
not exceed 1 inch within a 500-foot radius of the waste shaft.
(Chapter 6)

Excavations and pillars shall be located and dimensioned to
avoid geologic discontinuities. If discontinuities are
encountered, remedial action shall be engineered to correct
the problem. (Chapters 3 and 6)

Design shall be based on established mining procedures.

Predicted behavior of the salt shall be verified by in situ
testing (SPDV) before proceeding with construction of the
storage area.

Designed to accommodate creep closure and maintain the minimum
dimensions required for the operating life of the opening.
(Chapters 10 and 12)

Creep closure rates used for design shall be confirmed by
instrument observations in the excavations. (Chapters 11 and
12)

Excavation dimensions shall 1include allowance for creep
closure sufficient to prevent container breaching by
creep-induced stresses during the retrievability period.
(Chapter 12)

Minimize the potential for repository rock fracturing.
(Chapter 11)

Underground waste storage procedures shall include a designed
backfill plan for fire protection. The backfill thickness
shall be 1 to 2 feet. (Chapter 12)

Permit isolation of panels of rooms with plugs after storage
and backfilling are completed. (Chapter 12)

Air locks, dampers, regulators and doors shall be designed and
installed in such a manner that they can accommodate creep
without 1impairment to their ability to maintain ventilation
separation.
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Table 2-1 (continued)

ABRIDGED WIPP DESIGN CRITERIA

Page 4 of 4

(7)

(8)

(9)

Emplacement criteria

d.

The underground storage rooms and access drifts shall be
designed to be compatible with the waste transport vehicle,
with waste container sizes, shapes, weights and stacking
configurations, and with waste emplacement equipment. (Chapter
12)

Provisions shall be made to accommodate backfilling over and
around CH waste containers. (Chapter 12)

Each storage panel shall have provisions for being isolated
from other panels upon completion of storage operations in
that panel. (Chapter 12)

Retrievability

a.

A1l wastes placed into the WIPP are retrievable, with
retrievability to be demonstrated, until such time as the
pilot plant is converted to an operational repository for
permanent disposal of wastes. (Chapter 12)

Each storage room shall allow for salt creep and shall be
sized to minimize breaching of the CH waste containers for a
period of 10 years. (Chapter 12)

Underground excavation and haulage

a.

Mining shall be performed with continuous miners or equivalent
machine type devices. Drill and blast-type mining shall be
prohibited except where authorized.

Underground design shall provide maximum stability for
excavated rooms and entries. (Chapters 7, 8, 10, 11 and 12)

Meet or exceed the intent of the applicable requirements of
the MSHA in 30 CFR 57.9 and the New Mexico Mine Safety Code
for A1l Mines.




indicated in the table.

2.3 DESIGN BASES

The design bases identify the detailed design requirements for the WIPP
underground facilities. They are derived from the more general
concepts presented in the design criteria. The design bases cover all
aspects of the design and facility operations. Design bases applicable
to design validation are listed in references 2-9 through 2—20. The
essential elements of the design bases pertaining to design va1idatioh
of the C & SH shaft, waste shaft, exhaust shaft, drifts and storage
area are discussed in Chapters 7 through 10 and Chapter 12. The
discussions cover only those bases that require evaluation. A1l other
bases are requirements determined during design reviews and need not be
evaluated for their suitability.

2.4 DESIGN CONFIGURATIONS

The reference design configurations are the engineered facilities ‘
designed to comply with the design criteria and design bases. They are <::>
described 1in various 'contract drawings and specifications. The

essential elements of the design configurations are discussed in

Chapters 3 and 12.

2.5 DESIGN DEVELOPMENT

Design of the WIPF surface and underground facilities consisted of
three stages:

(1) the conceptual design;
{2) the pre]imiqary design; and

(3) the detailed design, 1including the underground opening
reference design.

- At both the conceptual and preliminary design stages, an extensive, { JE
independent review of the underground layout and design was made by the
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DOE and its consultants, SNL and Westinghouse Electric Corporation.
The review included assessment of the underground design concept and
consultation with Carlsbad area potash mine operators to obtain
information from their experience. The preliminary design was also
reviewed by other Federal agencies, the State of New Mexico and the NAS.

From these reviews and consultations, the DOE concluded that the
detailed design, based on the current state of the art, was sound.
However, for further confirmation, it was decided that the impact of
site-specific geologic conditions on the underground opening reference
design should be verified by direct observation. Consequently, the DOE
initiated the SPDV Program described in Chapter 1. The SPDV Program
provided 1in situ data on the local geology and on the geomechanical
responsé‘of the strata to the underground openings.

2.5.1 Conceptual Design

- Design of the WIPP surface and underground facilities began with the

conceptual design, initiated in 1975 and comp]eted in 1977 (ref.
2-21). The conceptual design provided the basis for development of the
preliminary design of both the surface and underground facilities.

2.5.2 Preliminary Design

The WIPP preliminary design was begun in 1978 and completed in 1980
(ref. 2-22). The preliminary design (Fiqure 2-2) was based on
empirical methods and 1local mining practices, incorporating the
conventional room and pillar method for underground development. It
included analytical evaluations of underground openings in bedded salt
using the finite element method and laboratory test data (refs. 2-23
and 2-24). The roof and floor of the rooms and entries were checked
for stability by methods described in the SME_ Mining Engineering

Handbook (ref. 2-25). 1In addition to Bechtel, SNL performed confirming

numerical analyses (refs. 2-26 and 2-27). These analyses predicted
short- and long-term stress distributions around the selected openings
as well as elastic and creep deformations.
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2.5.3 Detailed Design

Detailed design of the WIPP, begun in 1981 and completed in 1984,
included design of the surface and underground facilities and the
reference design for the underground openings. This was based on an
extensive amount of data derived from the site characterization,
including information from boreholes, surface geophysical measurements
and laboratory tests. These data were used to establish the faci]ity
Tevel and the design parameters. The number of holes drilled to the
proposed facility level was restricted in order to retain its isolation
from the surface. The 1layout and configuration of the underground
openings were based mainly on empirical data which incorporates the
room and pillar concept utilized in existing potash mines in Carlsbad
and other mining areas, and aon storage efficiency. The design was also
based on mining and engineering standards universally applied to
underground projects.

Analyses were performed to evaluate the stability of underground
openings "using material properties obtained from laboratory tests of
core samples (ref. 2-28). Validation of the underground opening
reference design with respect to the actual underground environment
requires direct observation of geologic conditions at the facility
Tevel and the behavior of the underground openings. This interaction
between observation of underground excavation and development of design
is consistent with engineering practice for underground construction
and with achieving the most cost-effective facility configuration.

Detailed design of the WIPP had sufficient flexibility to allow the
incorporation of 1initial information obtained from excavation during
the SPDV  Program. This design flexibility was necessary for
construction of the underground facilities. Calculations that applied
material properties and analytical models developed from laboratory
tests were performed to evaluate the behavior of the underground
openings. Information obtained from the design validation program was
used to confirm, refine, or alter the underground opening reference
design as required to accommodate in situ conditions. The detailed

2-13



design included the development of consttuction details for the
experimental areas and the full-scale waste storage area. It also
included design of the surface facilities but this is not included in
the design validation program.

2.6 DESIGN METHODS

Practical experience in the safe construction of salt and potash mines
extends over many years. Empirical knowledge on the safe sizes of
openings and pillars has been documented (ref. 2-29) and performance
records of openings in salt are available. Different methods of
analysis are required to determine the stability of openings in salt
for different conditions of potential failure. The normal safety
concepts of engineering, which relate a factor of safety to loads or
stresses, cannot be transferred directly to the analysis of underground
openings in salt. Therefore, postulated failure conditions were
analyzed by other appropriate methods. 1In general, an opening in salt
can be considered stable when the following two basic requirements are
satisfied: ‘

(1) the deformation of the opening conforms to the clearance
envelope allowed for safe operation of the workings during
design life; and

(2) the load bearing capacity of the salt around the opening is
adequate to prevent sudden structural failure of the opening.

Subsections 2.6.1 through 2.6.3 discuss the empirical methods, closed

form solutions and model simulations used for the reference design of
the WIPP underground openings.

2.6.1 Empirical Method

Most of the seven potash mines in the Carlsbad area were visited by
project participants on several occasions as the design evolved. The
preliminary room and pillar configurations, including the width and
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spacing of the rooms, drifts and pillars, were based primarily on
experiences gained from general mining practices in those mines in
areas with similar geology. The extraction ratio at the WIPP facility
horizon is significantly less than that used in potash mines of similar
depth in the Carlsbad aréa and in other parts of North America.

2.6.2 Closed Form Solutions

Closed form solutions in the SME Mining Engineering Handbook were used
to check the design of the room-and-pillar system, including room
dimensions, room spacing, pillar stresses and pillar width-to-height
ratios. These types of solutions were also used to check room
stability, including the stresses on the roof beams, and to estimate
surface subsidence (ref. 2-30). Closed form solutions for steel and
concrete structural design were used for design of the shaft liners and

keys.

2.6.3 Model Simulation

To determine the geomechanicé] and structural behavior around the
underground openings, mathematical models of the openings were
generated and preliminary finite element analyses were performed to
simulate this behavior. These analyses used material properties
obtained from laboratory tests of drill core samples to estimate
closure of the openings. In order to maintain the operational
capability of the underground facility during its design Tlife,
allowances for roof, floor and wall closures were added to the
operational clearance envelope of the underground openings. The design
criteria require confirmation or modification of the estimated closure
based on geomechanical instrument measurements obtained in the

excavations.

Preliminary analyses were only considered parametric studies since
important feedback from the design validation program observations and
geomechanical instrument measurements was required to complete the
understanding of the mechanism of creep deformation in the salt at the
WIPP site.
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CHAPTER 3
UNDERGROUND FACILITIES

3.1 INTRODUCTION

This chapter presents a brief history of the underground development
level selection process. It also describes the configurations of the
WIPP shafts, drifts and rooms, and summarizes their excavation
history. The discussion of excavation history includes those details
pertaining to the "as-built" openings which are considered significant
with respect to the reference design. The reference design of the
underground openings was based on requirements contained in the Design
Criteria (refs. 2-7 and 2-8) and Design Bases (refs. 2-9 through 2-20)

documents.

The WIPP underground facility 1is divided into three general areas
(Figure 3-1). The northern portion is the experimental area containing
the design validation test rooms and technology experiments. The
central area is the shaft pillar. The number of drifts in this area is
restricted to minimize subsidence around the shafts. This portion of
the facility will primarily contain shops and personnel areas. The
southern portion of the facility is the waste storage area. Although
some mining has been conducted in this area, it remains largely
unexcavated at the time of publication of this report.

3.2 SELECTION OF THE UNDERGROUND DEVELOPMENT LEVEL

Selection of the WIPP underground - development level evolved over
several years and various facility design concepts. Seven
stratigraphic horizons were identified in 1979 as potential locations
for the facility level and ranked in order of their preference. These
seven horizons were chosen based on an examination of available
borehole - data, primarily geologic and geophysical logs from borehole
ERDA-9, and on horizon selection criteria established by the WIPP

project participants. The selection criteria consisted of recommended

distances between the underground opening surfaces and the nearest
overlying or underlying clay seams or partings.
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Geologic mapping of the SPDV exploratory shaft in April and May 1982
permitted an assessment of the suitability of those intervals in the
area of MB-139 preferred for the location of the facility level. This
assessment included an evaluation of the intervals of interest against
a modified version of the 1979 horizon selection criteria. These
modified criteria were a result of changes to the initial WIPP facility
concept, consisting of a reduction from two Tlevels to one and
alterations in the room size. The modified criteria were as follows:

(1) The rock comprising the underground facility horizon should
contain no significant dissolution features, faults, or
fractures. If any such features are noted, a ‘detailed
investigation must be conducted. (This element was not
explicitly stated in the 1979 criteria.)

(2) There should be a minimum 4-foot thickness of halite between

| the top of MB-139 and the facility floor. The undulatory
upper contact of MB-139 shall be considered in the selection
of the facility floor Tevel. (The 1979 criteria required a
5-foot thickness between the facility floor and the first
underlying clay seam or parting.)

(3) There should be a minimum 14 1/2-foot section of halite for
construction of nominal 13-foot high rooms. Minor
impurities, such as argillaceous halite and polyhalite, may
be acceptable. (The facility design in 1979 called for
12-foot high rooms.)

(4) There should be a minimum of 5 feet of halite between the
facility roof and the first overlying clay seam (defined as
1/4 inch thick or greater) for purposes of roof stability.
(This criterion was adjusted at the site to a 5- to 10-foot

thickness at the verbal request of SNL personnel.)

(5) Horizons containing substantial amounts of polyhalite should
be avoided. The minimum thickness of halite defined in the
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third criterion listed above was increased froﬁ 14 1/2 feet

to 17 feet or more to accommodate the 17-foot high SPDV
exploratory shaft station.

Selection of the final underground development level was made following
a series of meetings in which the interval ranked first was evaluated
for its ability to satisfy these criteria. The selection was based
primarily on the results of detailed geologic shaft mapping from a
" depth of 2,080 feet to 2,185 feet. A meeting, attended by
representatives from the DOE, Westinghouse, SNL and Bechtel, was held
on May 2, 1982, to discuss the results of the selection process and to
present a recommendation for the facility level location to the DOE.
The final level selected for the facility floor was at a preliminary
depth of 2,149 feet (elev. 1258.4 feet). The recommendation was
accepted by the DOE and later reviewed and concurred in by a
representative of the New Mexico Environmental Evaluation Gkoup (EEG).

Geologic mapping of the SPDV exploratory shaft and subsequent
evaluation by the project participants showed that, as anticipated, the
geology was similar to that encountered in borehole ERDA-9. One
exception was the discovery of an additional anhydrite bed, anhydrite
“b"*, and 1its underlying clay seam. Figures 3-2 and 3-3 show the
preliminary design (pre-SPDV) of the shaft station and storage rooms.
This preliminary design was based on the stratigraphy at the
first-ranked alternative horizon. Figures 3-2 and 3-3 show that only
one anhydrite layer and clay seam were expected above the facility
level at this horizon, based on the interpretation of ERDA-2 core.
This would have produced 12 feet of uninterrupted halite above the
shaft station and 16 feet above the storage rooms. However, shaft
mapping revealed an intermediate bed, anhydrite "b", approximately 7
feet below the known bed, anhydrite "a". This reduced the
uninterrupted halite thickness above the facility level roof to 3.5 to
5 feet at the shaft station and 7 to 8.5 feet in the waste storage
area. Despite this finding, the underground facility horizon chosen
was judged to adequately meet all of the established criteria.
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At a meeting held on February 13, 1986, consideration was given to the
desirability of relocating the facility 1level to a different
stratigraphic horizon (ref. 3-2). The discussion was prompted by the
following observations of the behavior of the underground openings:

(1) The effect of excavation on the strata surrounding the
underground openings are being investigated by gas
permeability testing. These tests indicate that zones of
increased permeability due to fracturing, and proportional to
the size of the opening, have developed between the floor of
the openings and the base of MB-139 in the test rooms. These
zones have also developed at intersections and other
locations 1in the N1420 drift. Increased permeability has
also been detected within anhydrite "b" above the roof of the
test rooms. (Additional permeability testing is being
conducted by SNL. The final results from this program are

not yet available.)

(2) Fracturing has been encountered both within and above
MB-139. It is especially well developed in the southern half
of Test Room 3 (Room T). This fracturing is discussed in
Chapter 10, subsection 10.3.2.1, and 1in Chapter 11,
subsection 11.3.2.1.

(3) Both horizontal displacements and vertical separations have
been observed above the roof of the underground openings.
These occur primarily at anhydrite "“b" and are associated
with the underlying clay seam. This is discussed in Chapter
10, subsection 10.3.2.1, and 1in Chapter 11, subsection
11.3.2.1.

(4) In situ closure rates are almost three times greater than the

rates originally predicted from laboratory test data. This
is discussed in Chapters 10, 11 and 12.
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The underground opening behavior occurring at the WIPP is similar to
that of other openings excavated in areas with similar geologic
formations. The conditions are understood and any problems encountered
can be adequately mitigated using standard mining engineering
procedufes. The behavior experienced at the present facility level is
11kely to occur to some extent at any alternate horizon selected.
These conclusions, and the fact that the behavioral characteristics and
geologic environment at the existing level are known, resulted in a
decision by the WIPP project participants to keep the facility level at
its present location. Studies of the behavior of the rooms and drifts
will continue beyond design validation as discussed in Chapter 1,
subsection 1.5.2.

3.3 DESCRIPTION OF UNDERGROUND FACILITIES
3.3.1 C_& SH Shaft

The construction and salt handling (C & SH) shaft is the principal
means of access to the underground WIPP facility and is the primary
fresh-air infake for the underground ventilation system. It was
originally designated the ‘exploratory shaft during the SPDV Program.
The shaft provides a means of access for personnel and materials to and
from the facility, and for the removal of excavated salt.
Geomechanical instrumentation installed in the shaft provides important
data for monitoring the behavior of the 1liner and key, the salt strata
surrounding the shaft. and ground-water pressures.

The shaft is lined with steel casing having a 10-foot inside diameter
from the ground surface to a depth of 846 feet. The 10-foot diameter
extends through the concrete shaft key to a depth of 880 feet. From
the key to the bottom of the shaft at 2,298 feet the shaft is a nominal
12 feet in diameter and is unlined.

The steel liner was designed to retain the rock formations above the
salt and to prevent water seepage 1into the shaft. The 1liner was
designed for both construction and permanent loads. The construction
load was considered to be the hydrostatic pressure exerted on the liner
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by the fluid used to "float" it into place for installation. The
permanent load is the hydrostatic pressure exerted on the Tliner by
ground water under artesian conditions in the water-bearing zones.
Rock p?essure was not used in design due to the controlling influence
of the hydrostatic pressure. Since hydrostatic pressure increased with
depth, the steel liner thickness was also increased. The liner is 5/8
inch thick at the top and increases to 1 1/2 inches thick at the
bottom. The Tliner is held in place with cement grout.

The C & SH shaft key 1is a 37 1/2-foot 1long reinforced-concrete
structure at the base of the steel liner. The key serves two important
functions. First, it provides a transition from the lined to the
unlined sections of the shaft. Second, as an integral part of the
Tiner, it prevents ground water from the upper water-bearing members
from dissolving the salt around and beneath the key. This water
movement is obstructed primarily by two water seals installed behind
the concrete. A third seal, installed at the interface of the steel
liner and concrete Kkey, prevents water from flowing out at thé
interface and down the inner surface of the key. A gravel-filled
trench was constructed behind the concrete above the lower of the two
seals to intercept water migration past the upper seal. This water is
drained through four pipes, called "telltales", to the key surface and
into a water collection ring at the base of the key.

The shaft is unlined below the concrete key. Excavation by the rotary
drilling method has resulted in shaft walls that are smooth and
undamaged. No support or protective wire mesh was required.

3.3.2 MWaste Shaft

The waste shaft serves to connect the waste handling building on the
ground surface with the WIPP underground facility. The shaft's primary
function 1is to permit the transfer of radioactive waste from the
surface to thev underground storage area. It will also serve as an
intake shaft for small volumes of air during storage operations and as
an emergency escape route. The waste shaft was initially excavated as



a 6-foot diameter ventilation shaft, which was the primary exhaust
route during the SPDV phase of construction. As in the C & SH shaft,
geomechanical instruments installed in the waste shaft provide
important geotechnical data with which to monitor the behavior of the
shaft and its surrounding geologic environment.

The waste shaft 1is 1ined with unreinforced concrete from the ground
surface to the top of the key at a depth of 837 feet. The purpose of
the 1iner is to retain the surrounding rock and to prevent ground water
from entering the shaft. The lined section of the shaft has a finished
inside diameter of 19 feet. The liner thickness increases with depth
from 10 inches at the surface to 20 inches at the key. A water
collection ring was incorporated into the 1liner immediately beneath
both the Magenta and Culebra water-bearing members. These rings are
connected to another ring at the base of the key.

The waste shaft key is similar in construction to the C & SH shaft
key. It serves as a transition from the concrete-lined section to the
exposed salt section of the shaft and it prevents ground water from
reaching the salt via the shaft opening. The key is 63 feet long, 4
1/4 feet thick and constructed of reinforced concrete. The bottom of
the key is at a depth of 900 feet. 1In contrast to the C & SH shaft
key, the waste shaft key has only two water seals.

A water collection ring at the base of the key collects water trickling
down the surface of the key and conducts it, as well as water from the
two upper rings, to the shaft station via a 2-inch diameter PVC pipe.
Two guide pipes, consisting of 2-inch diameter polyvinyl chloride (PVC)
pipe, were also installed in the concrete key at a depth of 843 feet at
the request of SNL to serve as guides for drilling test holes across
the contact of the Rustler formation with the Salado formation.

The section of the shaft below the key is 20 feet in diameter and

consists of exposed salt lined with wire mesh anchored by rock bolts.
The 20-foot diameter shaft enlarges to 23 feet just above the waste
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shaft station. This 23-foot diameter extends to the bottom of the
shaft, approximately 122 feet below the facility level.

3.3.3 Exhaust Shaft

The exhaust shaft 1is the primary ventilation exhaust for the
underground facilities. It 1is designed as a duct to remove air from
the underground areas up through the exhaust filter building at the
ground surface. In addition, the exhaust shaft will serve as a backup
escape route during emergencies. This shaft is also used to carry an
auxiliary 15 kV power cable and signal cables underground. These
redundant cables serve as emergency alternates should the primary
cables in the C & SH shaft become inoperative. The exhaust shaft,
Tike the € & SH and waste shafts, contains a suite of geomechanical

instruments.

The exhaust shaft is 1lined with unreinforced concrete from the ground
surface to the top of the shaft key at a depth of 844 feet. The
purpose of the liner is the same as that in the other two shafts. The
liner has an inside diameter of 14 feet. The liner thickness increases

from 10 to 16 inches with depth.

The exhaust shaft key serves the same function as the keys in the other
two shafts. It is a transition element between the concrete Tiner in
the upper section of the shaft and the exposed salt in the lower
section. It is also designed to prevent ground water in the upper
water-bearing members from reaching the salt section of the shaft. The
key is 63 feet 1long and 3 1/2 feet thick. The key contains eight
telltale drains at a depth of 857 feet and nine drains each at 855 feet
and 870 ft. The key also contains two water seals, a water collection
ring, and two guide pipes for drilling test holes. The bottom of the
key is at a depth of 907 feet.

The exhaust shaft below the key is 15 feet in diameter. It is lined
with wire mesh anchored by rock bolts. The exhaust shaft terminates at

the facility level; there is no shaft sump.




3.3.4 Drifts

The underground shaft stations and drifts have been designed to
facilitate the handling and transport of radioactive waste. They also
provide access for construction operations. and experimental
activities. The drifts are designed to provide adequate ventilation
supply and exhaust for all areas of the underground facility.

A1l drifts are rectangular in cross section with typical dimensions

that range from about 8 to 12 feet high and 14 to 25 feet wide. Access
drifts serve as the main haulageways between the shafts and the
experimental and waste storage areas. Cross-cut drifts (crosscuts) are
designed to accommodate equipment, shops and traffic flow. The
crosscuts are generally smaller in cross-sectional dimensions than the
access drifts. The excavated dimensions of major drifts and rooms are
presented in Table 3-1. The horizontal underground openings are
oriented either north-south or east-west and are labeled based on a
grid system having the centerline of the C & SH shaft as its origin.
For example, the EO drift runs north-south in 1line with the C & SH
shaft and the N1100 drift is an east-west drift 1100 feet north of the
C & SH shaft.

The northern part of the facility contains the experimental areas.
Four test rooms were excavated west of the EO drift as part of the SPDV
Program. These rooms are discussed in subsection 3.3.5. The remaining
experimental areas have been excavated for long-term experimental
programs to be conducted under the direction of SNL. These experiments
‘are not part of design validation and are addressed in this report only
when necessary to clarify the discussion.

The shaft pillar area (Figure 3-1) is designed to protect the surface
structures and shafts from settlement resulting from the natural
closure of underground openings. The shaft pillar dimensions were
derived 1in accordance with standard analyses developed by the U.S.
Bureau of Mines (ref. 2-30). Excavation within the shaft pillar area
was designed to maintain an extraction ratio of less than 15 percent.

O




Table 3-1
A{,«mmm_x e —
@mWf FACILITY LEVEL CONFIGURATIONS
NOMINAL EXCAVATED DIMENSIONS OF MAJOR DRIFTS AND ROOMS
Page 1 of 2
' Width Height
Drift or Room (ft) (ft)
EO From N35 To N1420 25 12
E140 From N140 To N1420 14 8
£E140 From N140 To s2210 25 12
E140 From $2210 To S3264 (Exploratory Drift) 25 8
E300 From S90 To S$1980 14 12
W30 From S90 To S700 . 20 12
W30 From S700 To S1950 . 14 12
w170 From N140 To S1300 14 12
N140 From EO To £740 12 12719
N140 From E0 - To W170 : 12 12719
N460 From EO To E140 (Conference Room) 20 8
N780 From EO To 140 12 12
N1100 From £0 To £1546 14 9
N1100 From EO To W667 20 12
N1100 From W667 To W1800 (Room G Entry Drift) 20 9
N1100 From W1800 To W2990 (Room G) 20 10
C N1420  From E140 To  E1546 14 12
N1420 From £140 To w641 20 12
S90 From EO To E140 12 12
S90 From £140 To £300 14 12
S400 From E6Q To €140 20 12
S400 From €140 To E300 1418 12/117
S400 From E300 To E500 20 12
S700 From W170 To W30 20/25 12
S700 From W30 To E140 ' 20 12
S700 From E140 To E300 20/35 12
S1000 From W170 To- W30 20 12
$1000 From W30 To E140 25 12
S1000 From E140 To - E300 20 12
S1300 From W170 To W30 20 12
S1300 From W30 To E140 20 12
S1300 From E140 To E300 20 12
S1600 From W170 To W30 20 12
S1600 From W30 To E140 20 12
S1600 From £140 To E300 20 12
$1600 From E300 To £520 14 12
S1950 From W30 To E140 14 12
S1950 From E140 To E300 20 12

52180 From E140 To E300 14 12
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Table 3-1 (continued)

FACILITY LEVEL CONFIGURATIONS
NOMINAL EXCAVATED DIMENSIONS OF MAJOR DRIFTS AND ROOMS

Page 2 of 2

Width Height

Drift or Room (ft) (ft)

Test Rooms 1, 2, 3 & 4 (300 feet long) 33 13
Experimental Rooms A1, A2, A3, B & D (306 feet long) 18 18
Alcove I1 (43 feet long) 24 12
Alcoves 12, 13, 14, 15, 16 & 17 (33 feet long) 33 12
Rooms C1 & C2 (98 and 102 feet long) 18 18
Room J (98 feet long) 33 12
Rooms L1 & L2 (98 feet long) 33 12
Room H Entry 12 10
Room H (outside radius = 54 feet) - 36 10
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A geomechanical instrumentation program was implemented to gather
geotechnical data from the wunderground drifts. The program was
designed to monitor the stability of the openings, to assess
deformational characteristics of the salt, and to measure closure rates,
of typical drifts, rooms and intersections. In addition, an extensive
program of geologic mapping, core drilling, laboratory testing and
visual observations has been conducted. The methodology used and the
results of these programs are discussed in other chapters of this
report.

3.3.5 Test Rooms

Four test rooms were excavated in the northern section of the facility
during the SPDV phase of construction. These rooms represent
full-scale models of the future waste storage rooms and have the same
dimensions, 13 feet high, 33 feet wide and 300 feet 1long, as the

planned storage rooms.

The test rooms are designed to permit an assessment of deformation and
closure rates due to salt creep as well as the stability of the future
storage rooms. This has been accompiished by evaluations and analyses
of geotechnical data gathered from geomechanical instruments installed
in each room and the results of geologic mapping, core drilling,
laboratory testing of samples from the surrounding strata, and
gualitative visual observations by project geotechnical personnel. The
results of these evaluations and analyses are presented in Chapters 11
and 12.

3.3.6 MWaste Storage Area

The waste storage area will be developed in the southern portion of the
facility (Figure 3-1). The reference design for this area includes a
series of eight panels with seven storage rooms in each panel. The
room dimensions are 13 feet high, 33 feet wide and 300 feet long. The
width of the pillars between rooms is 100 feet. This configuration
results in a storage area extraction ratio of less than 25 percent
based on a line 100 feet beyond the storage area excavation neat line.
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Full development of the waste storage area will eventually encompass
about 140 acres. The reference design is based on the assumption that
the storage rooms and panels will be excavated in stages coordinated
with the scheduled arrival of waste. Waste storage is designed not
only for the rooms but also for all drifts and crosscuts in the waste
storage area (south of the S1600 drift).

3.4 UNDERGROUND CONSTRUCTION

The existing WIPP underground facility was constructed in two phases.
The first phase, SPDV (Fiqure 3-1), was conducted from 1981 to 1983 and
consisted of the excavation of the exploratory and ventilation shafts
as well as several drifts and a panel of four test rooms. SPDV
accomplished two objectives: (1) it permitted the completion of
experiments and geotechnical activities required for the Site
Validation Program (ref. 2-5); and (2) it provided for the initial in
situ confirmation of the underground facility reference design. This
allowed construction of the underground facility to proceed in a timely
and cost-effective manner.

Excavation associated with the second phase of underground construction
was accomplished from October 1983 through February 1985 and is
designated as full construction on Figure 3-1. This excavation
included enlarging the vent%]ation shaft for its conversion to the
waste handling shaft, constructing the exhaust shaft, and mining
additional underground drifts and test rooms for conducting R & D
experiments. The operational name of the exploratory shaft changed to
the C & SH shaft during this period. DeSign validation has been an
integral part of this construction activity.

A third phase of underground construction 1is currently in progress.
This is the 1initial operations phase during which excavation of the
storage rooms will occur concurrently with waste emplacement. Mining
for this phase started in June 1985 with the excavation of crosscuts
for the installation of shops in the shaft piller area. Partial
excavation of some storage rooms will follow. However, initial waste
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emplacement is currently not scheduled to begin until late 1988. No
discussion of the operations phase 1is presented in this report,
although it will be strongly affected by the design validation results
presented herein.

3.4.1 C_& SH Shaft

C & SH shaft construction was performed during 1981 and 1982.
Construcfion started in May 1981 with the excavation of a 98-foot deep
pilot hole. The pilot hole was augered using a crane-mounted drilling
unit. Steel surface casing with an interior diameter of 12 feet was
grouted into place to a depth of 93.4 feet.

Shaft drilling started on July 4, 1981, and was completed 112 days
later. The drilling was performed using a jacknife derrick with draw
works capable of supporting a suspended load of 500 tons. The drilling
method used consisted of air-lifted reverse circulation performed
through double-walled drill pipel The drilling fluid (brine) was
maintained at a relatively constant level above the drill bit. The
drill bit consisted of a 142-inch diameter full-face rolling cutter
head. Shaft drilling was completed to a depth of 2,298 feet on
October 24,  1981. Table 3-2 contains an abridged history of the
C & SH shaft drilling program.

Liner installation began on November 12, 1981, and was completed on

December 3, 1981. A steel liner was installed in 20~ and 40-foot |
sections in the shaft above the salt formation. The steel sections
were connected during installation using full-penetration bevel welds.
Nondestructive radiographic examination was performed on each welded
section. The 1liner was partially floated into place by filling the
shaft with brine and adding brine to the inside of the 1liner to
overcome the effect of buoyancy. Additional support for insta]iation
was provided by the drilling derrick and draw works._ After the liner
was in place, the annular space was grouted by the tremmie method. The

grouting was completed on December 8, 1981.
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Table 3-2

C & SH SHAFT - ABRIDGED DRILLING HISTORY

Page 1 of 2

Location: Eddy County, New Mexico;
New Mexico Grid Coordinates
X 666894.89, Y 499687.23

Elevation: Ground Surface = 3410.5 ft MSL

Drilling Contractors/Rig Types: Meredith Drilling Company/Auger
' (11.0 ft to 97.5 ft*);
Challenger Drilling Company/
National 125 Jacknife Rotary
(97.5 ft to 2,298 ft)

Drilling Data Augered: May 18 to June 17, 1981

Spudded: July 4, 1981
Completed: October 24, 1981
Casing: 180-in. corrugated metal pipe,
ground surface to 11 ft; ,
144-in. steel casing, ( ‘>
ground surface to 93.4 ft;

120-in. steel liner, ground
surface to 846 ft

Drill Hole: 142-in. (nominal) diameter uncased
borehole to a total depth of
2,298 ft
Drilling Fluid: Brine
Directional Survey Contractor: Sperry-Sun (Gyroscopic Multishot

Surveys)

Bottom Hole Coordinates: X 666893.45, Y 499686.56 at
2,276 ft

Horizontal Displacement: 1.59 ft S 65.03° W at 2,276 ft
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Table 3-2 (continued)

- C & SH SHAFT - ABRIDGED DRILLING HISTORY

Page 2 of 2

Geophysical Logging Contractors:

Geophysical Logs:
Fluid Density
Fluid Density
Density
Caliper (3-diameter/aver.)
Epithermal Neutron
Gamma Ray
Fluid Density
Nuclear Cement Top Locator (NCTL)
Nuclear Annulus Investigation
Log (NAIL)
Fluid Density

(D)
(B)
(B)
(B)
(B)
(B)
(B)
(B)

(B)
(D)

Birdwel1(B) and Dresser Atlas(D)

October 16 to December 17, 1981

1,200
150
2,294
2,294
2,294
2,300
400
8217

839
2,250

ft
ft
ft
ft
ft
ft
ft
ft

ft
ft

to
to
to
to
to
to
to
to

to
to

550 ft
20 ft
50 ft
50 ft
50 ft

0 ft

100 ft

0 ft

0 ft
2,003 ft

* A1l depths measured from ground surface.



A key was constructed at the base of the steel Tiner during March and
April 1982. The key is 37 1/2 feet long and constructed of reinforced
concrete. Key construction required additional excavation in the salt
below the liner to enlarge the shaft diameter. After the installation
of reinforcing steel, drains, geomechanical instruments, grout pipes
and block-outs for the injection of chemical seals, concrete was placed
in several_ 1ifts from the bottom of the key to the bottom of the
liner. Finally, the chemical seals were placed by injection. '

3.4.2 HWaste Shaft

Driliing of the SPDV ventilation shaft started on December 24, 1981,
and was completed to a depth of 2,196 feet on March 10, 1982. The
drilling operation was performed with the same drill rig used to drill
the C & SH shaft. The drill bit was a 72-inch diameter full-face
rolling cutter head. An abridged history of the shaft drilling is
presented in Table 3-3. Except for a 97-foot Tong surface casing, the
ventilation shaft was unlined. The ventilation shaft, and later the
waste shaft, served as the exhaust for the underground facility until
excavation of the permanent exhaust shaft was completed.

Enlargement of the SPDV ventilation shaft to become the waste shaft
began in October 1983 (Table 3-3). This enlargement was performed from
the top to the bottom of the shaft using the smooth-wall drill and
blast method. The blasting was accomplished in 10-foot rounds that
permitted the muck to fall down the 6-foot diameter shaft to the
facility level. The muck was removed from the waste shaft station and
hauled to the surface via the salt-handling skip in the C & SH shaft.

Construction of the unreinforced concrete liner closely followed this
excavation. Typically, the shaft crew would take out three rounds
(30 feet) of rock before placing one 24-foot section of concrete. This
arrangement normally left no more than 6 feet of unlined shaft below
the concrete.
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Table 3-3

<::; WASTE SHAFT - ABRIDGED CONSTRUCTION HISTORY

Page 1 of 2

Location:

Elevation:

Ventilation Shaft

Drilling Contractors/Rig Types:

Drilling Data Augered:

0)

Completed:

Casing:

Drill Hole:

Drilling Fluid:

Directional Survey Contractor:

Bottom Hole Coordinates:

Horizontal Displacement:

Spudded:

Eddy County, New Mexico;
New Mexico Grid Coordinates
X 666920.76, Y 499286.92

Ground Surface = 3407.5 ft MSL

Shaft Collar = 3407.9 ft MSL
(ventilation shaft)

Shaft Collar = 3409.0 ft MSL
(waste shaft)

Meredith Drilling Company/Auger
(8.0 ft to 98.2 ft*);

Challenger Drilling Company/
National 125 Jacknife Rotary
(98.2 ft to 2,196 ft)

June 13 to 17, 1981

December 24, 1981

March 10, 1982

108-in. corrugated metal pipé,
ground surface to 8 ft;

74-in. steel casing, 0.5 ft
above ground surface to 96.9 ft

72-in. (nominal) diameter uncased
borehole to a total depth of
2,196 ft i

Brine

Sperry-Sun (Gyroscopic Mu]tishot
Surveys)

X 666918.81, Y 499285.81 at
2,171 ft

2.25 ft S 60.2° W at 2,177 ft
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Table 3-3 (continued)

WASTE SHAFT - ABRIDGED CONSTRUCTION HISTORY

Page 2 of 2

Shaft Survey Contractor:
Horizontal Displacement:
Geophysical Logging Contractor:
Geophysical Logs:
Caliper (3-diameter/aver.)
Epithermal Neutron
Density
Gamma Ray
Fluid Density
Waste Shaft
Excavation Contractor:
Excavation Method:

Finished Shaft Diameter:

Shaft Collar Excavation Began:

Liner Plate and Concrete Backfill
Completed:

Collar Pads and Sinking Headframe
Foundations Poured:

Concrete Liner Constructed:
(including key)

Dolomite

Liner Plate at Magenta
' Grouted:

Liner Plate at Culebra Dolomite
Grouted:

Salt Section Excavated:

Sump Excavated:

Liner Grouted:

Cementation West, Inc.
1.37 ft SW at 2,150 ft
Birdwell

March 8 to 10, 1982
2,190 ft to 0 ft

2,190 ft to 0 ft

2,190 ft to 0 ft

2,100 ft to O ft
2,191 ft to 1,800 ft

Ohbayashi Corporation
Smooth-wall drill and blast

Lined

=19 ft
Unlined =

20 ft minimum

October 11, 1983
November 12, 1983

November 14, 1983
November 30, 1983, to April 3,
1984

March 8 to 10, 1984

April 3 to 5, 1984
April 7 to June 11, 1984
June 20 to August 8, 1984

August 11 to 25, 1984

* A1l depths measured from ground surface.
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As part of the shaft design, both the Magenta and Culebra dolomite
members of the Rustler formation were overexcavated and covered with
steel liner plate prior to concrete placement. The space between the
liner plate and the rock provided room for water from these
water-bearing zones to accumulate. This allowed the concrete Tliner to
reach full strength without damage from hydrostatic pressure buildup.
After the concrete 1iner had reached full strength, this annular space
was grouted with Portland cement grout at a 1:1 cement-to-water ratio.

Construction of the waste shaft key was nearly identical with that of
the € & SH shaft key. The key is 63-feet 1long and composed of
reinforced concrete. The shaft was overexcavated and the reinforcing
steel, drainpipes, geomechanical instruments and chemical seal
blockouts were installed. Unlike in the C & SH shaft, the chemical
seals were placed between 1ifts of concrete. Concrete was placed from
the bottom of the key to the top in several 1lifts, with construction
joints at the top of each 1ift and at each chemical seal blockout. At
the chemical seal Tlocations the seal material was placed into the
blockout prior to placing the next 1ift of concrete. Constructionfof
the shaft liner and key was completed on April 3, 1984.

Excavation of the shaft to its 20-foot finished diameter below the key
began on April 7, 1984. This section of the shaft is lined with wire
mesh anchored by 3-foot long rock bolts. Mesh insta]]étion, 1ike liner
instaliation, was accomplished concurrently with excavation. The shaft
enlargement reached the facility level on June 11, 1984. The shaft
sump was excavated between June 30 and August 8, 1984. The sump
extends approximately 122 feet below the facility level.

The concrete liner and grouting at both water-bearing zones did not
completely prevent water from entering the shaft. Water seeped through
the liner at construction joints and some cracks from a depth of about
560 feet to 835 feet. A grouting program was undertaken to seal these
leaks 1in August 1984. A total of 628 bags of Portiand Type V cement,
103 bags of MC-500 microfine cement, and 76 galions of Scotch-brand
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5600 foam chemical grout were injected into 293 drilled holes (ref.
3-3). The grouting significantly reduced, but did not eliminate, water
-seepage througp the concrete liner.

3.4.3 Exhaust Shaft

The exhaust shaft was constructed in two phases over a 16 month
period. The first phase was the excavation of a 6-foot diameter pilot
shaft wusing upreaming techniques. The second phase consisted of
enlargement of this shaft by conventional drill and blast methods and
lining of the upper 907 feet. The construction history is summarized in
Table 3-4. '

Shaft excavation began on September 22, 1983, with the drilling of a
pilot hole. The pilot hole was a 7 7/8-inch diameter hole drilled from
the ground surface to intersect with the S400 drift at a depth of about
2,150 feet. Therefore, directional control of the hole was critical.
The upper 80 feet of the pilot hole was augered, then lined with a
surface casing. Drilling progressed to a depth of 744 feet using a
tri-cone roller bit and compressed air. A "Dynadrill" was then used to
correct hole alignment from 735 to 1,183 feet based on the results of
gyroscopic hole surveys. The circulating medium was also changed at
this time from air to brine. The tri-cone bit was used to complete the
pilot hole. The hole diameter was then reamed to 11 inches from the
surface to the facility level, again using. a tri-cone roller bit.
Pilot hole drilling was completed on December 16, 1983.

Excavation of the pilot shaft was performed by reaming the 11-inch
diameter pilot hole to a diameter of 6 feet. This was accomplished by
the raise-bore method. Reaming was performed from the facility level
to the ground surface. The raise-boring operation was conducted from
December 31, 1983, to February 10, 1984, using a Robbins series 61R1131

raise-bore machine. This machine utilizes a full-face rolling cutter .

head pulled to the sufface with hydraulic jacks. Drill cuttings fell

to the facility level and were hauled to the surface via the C & SH
shaft.
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Table 3-4

EXHAUST SHAFT - ABRIDGED CONSTRUCTION HISTORY

Location:

Elevation:

Excavation Contractor:

Excavation Method:

Subcontractors for Raise-Bore

Excavation:

Finished Shaft Diameter:

Pilot Hole Drilled:

Raise-Bore Excavation:

Shaft Collar Excavation Began:

Liner Plate and Concrete

Backfill Completed:

Concrete Liner Constructed:
(including key)

Liner Plate at Culebra
Dolomite Grouted:

Liner Plate at Magenta
Dolomite Grouted:

Salt Section Excavated:

Liner Grouted:

Eddy County, New Mexico;
New Mexico Grid Coordinates
X 667370.39, Y 499287.23

Shaft Collar = 3411.5 ft MSL
Shaft Reference = 3409.0 ft MSL

Ohbayashi Corporation
Raise-bore 6-ft diameter pilot

shaft; smooth-wall drill and
blast to final dimensions

Raisebore, Inc., and
J. S. Redpath Co.

Lined = 14 ft
Unlined = 15 ft

September 22 to December 16, 1983

December 31, 1983, to February 10,
1984

July 15, 1984

July 17, 1984

July 18 to November 29, 1984

December 2 to 4, 1984

December 4 to 5, 1984

December 7, 1984, to January 17,
1985

June 1 to July 31, 1985
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Enlargement of the pilot shaft from 6 feet to the final exhaust shaft

diameter of 15 feet began on July 15, 1984, and was accomplished by -

drilling and blasting in 10-foot rounds. Excavation was performed from
the ground surface to the facility level. The rock was blasted into
the open pilot shaft so that it fell to the facility level where it
could be removed and hauled to the surface via the C & SH shaft.

The upper 844 feet of the exhaust shaft is 1lined with unreinforced
concrete. As in the waste shaft, construction of the exhaust shaft
liner occurred concurrent with the drill and blast excavation.
Concrete placement for the liner was completed on November 29, 1984.
The two water-bearing zones in the Rustler formation, the Magenta and
Culebra dolomites, received the same special treatment that was
performed in the waste shaft; Each zone was overexcavated and covered
with steel liner plate prior to placing the concrete liner. After the
liner had cured, grout was injected behind the liner plates.

Exhaust shaft key construction, similar to that in the waste shaft, was
performed in November 1984. The key consists of reinforced concrete
and extends from a depth of 844 to 907 feet. It initially contained 2
chemical seals, 8 telltale drains, 2 guide pipes for test hole
drilling, and geomechanical instrumentation. Placement of the concrete
and chemical seal material was identical to that performed in the waste
shaft. Two additional sets of tellitale drains were installed in the
key by drilling after 1its construction. Each set contains nine
drains. One set was installed above and one set below the initial
eight-drain set.

The exhaust shaft is 15 feet in diameter from the bottom of the key to
the facility level. For safety, the walls are covered with wire mesh
anchored by rock bolts. Excavation of the shaft to its final

dimensions was completed on January 17, 1985.

As in the waste shaft, water began seepihg through the exhaust shaft
" liner at construction joints and small cracks. Total water inflow
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through the 1liner was measured at 0.35 gallons per minute in January
1985. A grouting program, using Portland cement and chemical grout,
was conducted from June 1 through July 31, 1985, to seal these Tleaks
and to ensure that the integrity of the shaft key was maintained. A
total of 164 bags of Class C cement and 826.9 gallons of Terragel 5531
chemical grout were used. The total water inflow was reduced by this
grouting to an essentially non-measureable gquantity.

3.4.4 Drifts

The exploratory (C & SH) shaft station was the first underground
horizontal opening excavated after completion of the SPDV exploratory
and ventilation shafts. The initial shaft station excavation was
performed from May 2 to June 3, 1982, using the drill and blast
method. The station was trimmed to its final dimensions using the
Dosco continuous mining machine discussed later in this subsection.
The station area north of the shaft is 32 feet long, 32 to 35 feet wide
and 12 feet high. South of the shaft, the station is 90 feet long and
32 to 38 feet wide. The height of the station south of the shaft is 18
feet for a distance of 54 feet and 14 feet for the remaining 36 feet.
Cartridge water-gel explosives detonated by electric detonators were
used for the drill and blast excavation. A detailed description of the
SPDV exploratory shaft station excavation is presented in the WIPP
Preliminary Design Validation Report (ref. 1-3).

Following the initial excavation of this station, the drill and blast
method was used to excavate a drift southward to provide a connection
between the two shafts so ventilation could be established. This drift
was approximately 310 feet 1long, 18 feet wide and 9 feet high.
Excavation of the drift was accomplished from June 3 to June 13, 1982.

The only other major use of the drill and blast method at the facility

‘level. was for construction of the Tloading pocket in the SPDV

exploratory shaft. This pocket was constructed from June 1 through 30,
1982, on the north side of the shaft below the facility floor level.
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It was later outfitted with a steel hopper and other equﬁpment
associatedwith the salt handling system.

The 1initial (SPDV) underground construction phase was conducted by
Cementation West, Inc., of Tucson, Arizona. A British-made Dosco LH
1300, boom-type continuous mining machine was mobilized underground to
the SPDV exploratory shaft station during late summer of 1982. This
machine was used to excavate the remaining horizontal underground
openings during the SPDV Program. The Dosco was capable of excavation
rates of 1,000 to 1,200 tons per 24 hours (excavation was conducted on
a three-shifts-per-day, seven-days-per-week basis). However, the
excavation rate was often much less due to numerous construction and
engineering related constraints. The mining maching was demobilized in
May 1983 at the completion of the SPDV Program.

A second underground construction contract for full WIPP construction
was awarded to Ohbayashi Corporation of South San Franicsco,
California. During this phase of construction, two Japanese Mitsui
Miike, boom-type continuous mining machines were used for excavation of
the underground horizontal openings. Each of these machines excavated
at a rate of 300 to 400 tons per 24 hours. These machines were
mobilized to the underground facility in October 1983 and demobilized
in April 1985.

A summary of the excavation sequence for the underground horizontal
openings is presented on Figure 3-4. This figure shows the mining
progress on a daily basis from October 14, 1982, through March 31,

1986. The underground mining operation was performed 1in the same.

manner during both construction phases regardless of the type of mining
machine being used. The rotating head on the boom of the mining
machine cut the salt away from the working face. The "muck" was pulled
through the machine on a conveyor and deposited in one of several types
of haul vehicles. Typically, the haul vehicles were underground trucks
capable of carrying about 5 tons of muck. Other vehicles used ihc]uded
LHDs (Load—Hau]—Dump; a type of front-end loader) and a telescoping-bed
haul truck. The trucks carried the muck to the C & SH shaft station
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FROM C & SH SHAFT §
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INITIAL PILOT DRIFT FROM C & SH SHAFT TO WASTE SHAFT
EXCAVATED FROM JUNE 3 THROUGH JUNE 12, 1982. THIS
DRIFT WAS LATER ENLARGED AT THE TIME SHOWN.

1.

DRIFT LEVEL EXCAVATION SHOWN ON THIS FIGURE BEGAN

MAY 2, 1982,

2.

EXCAVATION OF EACH OF THE FOUR TEST ROOMS REQUIRED

F

SIX EXCAVATION PASSES; THREE PASSES AT AN UPPER LEVEL

AND THREE PASSES AT A LOWER LEVEL. EXCAVATION
COMPLETION DATES ARE PROVIDED FOR EACH ROOM

C 8 SH SHAFT

EXCAVATED TO{2-FT DA, F

iqure 3-4

JULY 4,198], THROUGH OCT .24,

oo

EXCAVATION SUMMARY
Sheet 1 of 4

ALTHOUGH THE LOWER LEVEL EXCAVATION SEQUENCE IS

NOT ILLUSTRATED.
THE N1420 DRIFT WAS EXCAVATED TO LOWER THE FLOOR

4 FT, WEST OF THE EO DAIFT, FROM APRIL 26-29, 1983.

4.

4 FT, NORTH OF THE N140 DRIFT, FAROM NOVEMBER 9, 1983,
THROUGH JANUARY 8, 1964.

THE EO DRIFT WAS EXCAVATED TO LOWER THE FLOOR
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C 6 SH SHAFT

WASTE SHAFT

THROUGK FEB. 22,1982 ENLARGED TO 20-FT.
TO 23-FT DIA FROM OCT. 11, 1983, THROUGH

JUNE 1, 1984

EXCAVATED TO 6-FT. DIA FROWM DEC.24.1981,

EXHAUST SHAFT
REAMED TO 6-FY. DiA FROM DEC. 81,

1983, THROUGH FEB.10, 1984 ENLARGED
TGO ¥5-FT. DIA. FROM SEPT. (5, 1984

THROUGH JAN, 15,1985,

NOTES (CONT'D}:

. THE S400 AND N140 CROSSCUTS, AND THE E140 DAIFT FROM

N140 TO 51620 WERE EXCAVATED TO LOWER THE FLODOR

4 FT FROM APRIL 22 THROUGH JUNE 22, 1984.

ALL COOMOWATES BASED OQw LrSFancE

FROM C 8 SN SNAFT §

Figure 3-4

EXCAVATION SUMMARY

Sheet 2 of 4

SOUTH EXPLORATORY DRIFT
SECTION 1-¢
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and dumped it dinto the 1loading pocket. From there, the muck was
carried to the surface in 7- to 8-ton loads in the skip. The skip
dumped the muck at the surface into 50-ton Caterpillar or Euclid haul
trucks which then carried the muck to the surface salt storage area.

During and immediately after excavation, a sounding survey of the roofs
in the horizontal openings was made using a scaling bar to identify
areas of drummy or slabby rock which could pose safety or stability
problems. Remedial work was performed immediately after sounding in
any areas identified as potentially unstable. This work consisted of
hand-scaling thin drummy areas, removing larger drummy areas up to 18
inches thick with the mining machine, or rock bolting. In addition,
two follow-up surveys were made of the roofs in all of the horizontal
openings excavated at the time of the survey. The first survey was
completed in July 1983 and the second in November 1984. Remedial work
was performed on problem areas identified during these surveys. This
work consisted of scaling, excavation, or rock bolting. It should be
noted that the drummy areas identified during the July 1983 survey were
sounded again in the November 1984 survey and did not 'show any
noticeable enlargement.

Rock bolts are used selectively throughout the underground drifts for
both remedial work and safety. The roofs of many high-traffic
personnel areas are pattern bolted and covered with wire mesh as an

additional safety precaution.

The C & SH shaft station has presented the majority of problems
associated with roof stability. 0Oue to its initial excavation by the
drill and blast method, and the proximity of overlying clay seams, the
roof - in the station has required support by a -large number of rock
bolts. The method of rock bolting has evolved through several phases
due to the effect of salt creep on roof separation along the clay seams.

Rock bolts were 1initially installed in the C & SH shaft station roof
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from May 9 to June 20, 1982. These bolts were 1 inch in diameter, 8,
10 or 12 feet 1in 1length, and made of grade 60 steel. They were
anchored using resin cartridges.

These resin-anchor bolts began failing at the head assemblies 5hort1y
after their installation was completed. The failed bolts were replaced
with 8-foot long, 5/8-inch diameter mechanical-anchor bolts with 2 x 12
x 12-inch wooden blocks installed between the steel head assembly plate
and the salt. A total of over 400 resin-anchor and mechanical-anchor
bolts were installed in the shaft station roof through April 1983.

During December 1983 and January 1984, 146 additional mechanical-anchor
bolts, 5/8 inch in diameter and 8 feet 1long, were 1installed in the
C & SH shaft station roof. 1In May 1984, another 91 similar anchor
bolts were installed. After the mechanical-anchor bolts . were
installed, the nut and hgad assembly plate were cut off those older
resin-anchor bolts showing evidence of excessive deformation. This was
to prevent injury to personnel from falling nuts and plates should
these resin-anchor bolts fail.

From mid-April through early August 1985, approximately 133 3/4-inch
diameter mechanical-anchor bolts, 6 and 8 feet long, were installed in
the station roof on approximately 3 1/2-foot centers. In addition, 245
resin-anchor bolts, 1 inch in diameter, were anchored above anhydrite
"h" and across anhydrite "a". These -bo1ts were 12 and 14 feet in
length. The entire station roof was covered at this time with wire
mesh secured with 2-foot 1long, 5/8-inch diameter mechanical-anchor

_bolts. Approximately 750 of the 2-foot long bolts were installed.

Although some resin-anchor bolts were used in the SPDV drifts and test
rooms excavated in 1982 and 1983, mechanical-anchor bolts have been
used in all subsequently excavated areas. Bolt lengths vary from 2 to
8 feet 1in the drifts and rooms. Wire mesh secured by 2-foot long
mechanical-anchor bolts has been installed on the roofs of all
high-traffic personnel areas. This 1includes 1instrument-shed and
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electrical alcoves, many of the shop areas, and some of the brows above
the entries to the waste experimental rooms. Rock bolts and wire mesh
have also been installed in the roof of the N140 crosscut.

Rock bolts and wire mesh have been installed for roof support in the
waste shaft station waste transfer area. The bolts, 3/4 inch in
diameter and 12 feet 1long, are mechanical-anchor steel bolts set on

nominal 4-foot centers.

3.4.5 Test Rooms

As part of the SPDV Program, four test rooms were excavated at the
north end of the underground facility (Figure 3-4) by Cementation West,
Inc., using the Dosco mining machine. The test room excavation was
conducted from March 9 to April 25, 1983. Test Room 2 was excavated
first, followed by Test Rooms 3, 1 and 4, in that order. Each room was
excavated in a series of six passes along its longitudual axis (Figure
3-5). The first pass was the 1largest in cross section and was
conducted down the center of the planned room along its roof. This
pass was approximately 15 feet wide and 8 feet high. The second and
third passes were conducted on either side of the first pass. Each of
these passes were about 9 feet wide and 8 feet high. The last three
passes lowered the floor 5 feet to complete the room excavation to its
design height and width of 13 x 33 feet.
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Figure 3-5
TEST ROOM EXCAVATION SEQUENCE
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CHAPTER 4
SUPPORTING VALIDATION DOCUMENTS

4.1 INTRODUCTION

This chapter discusses the principle documents containing information
used to support design validation. These documents are the Waste
Isolation Pilot Piant Preliminary Desigqn Validation Report (ref. 1-3)
and geotechnical field data reports (refs. 4-1 thru 4-19). These
documents contain all of the data which has been collected, analyzed
and evaluated for design va1idatidn since site construction activities
began in July 1981. Other documents pertaining to design and site
characterization are referenced throughout this report. However, they
are considered peripheral documents not directly related to the design
validation process and, therefore, are not described in this report.
Because these other reports are public documents, they are available to
anyone interested in obtaining additional background information or
detailed data on the WIPP project.

4.2 PRELIMINARY DESIGN VALIDATION REPORT

The following subsections present a summary of the WIPP_ Preliminary
Design Validation Report produced for the SPDV Program described in

Chapter 1.

4.2.1 Purpose and Objectives

The purpose of the WIPP Preliminary Design Validation Report was to
provide documentation on the behavior of the 1initial underground
openings. Four types of information were gathered for this purpose:

(1) observations of the behavior of the underground openings;

(2) descriptions of the geologic conditions encountered during
SPDV underground construction; )
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(3) descriptions of core samples from instrumentation and
exploratory holes in the roof and floor of the underground
openings; and

(4) data from installed geomechanical instrumentation.

The objective of the report was to provide initial evaluations of the
suitability of the design criteria and design bases and 1initial
confirmation of the underground opening reference design in order to
permit full facility construction. This initial confirmation was based
on data obtained from geologic field activities and geomechanical
instrumentation which were subjected to preliminary analysis and
evaluation.

4.2.2 Data Acquisition Program

The preliminary design validation data acquisition program consisted of
geologic field activities which provided information for initial
validation of the WIPP underground opening reference design. Data was
obtained from three principal activities: '

(1) geologic mapping;
(2) vertical core hole logging; and
(3) geomechanical instrument measurements.

A1l of the data collected was verified at the site field office, then
sent to the DOE/Technical Support Contractor (TSC) offices in
Albuquerque, New Mexico, for preparation and inclusion into the GFDRs
and other reports. Due to the qualitative nature of the geologic
mapping and core hole data, efforts for preparation of this material
generally required only limited evaluation, editing and drafting. The
geomechanical instrumentation data, however, required more extensive
preparation and analysis due to its applications to various aspects of
underground opening behavior and the calculation of in situ salt
properties.
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4.2.3 Geomechanical Instrumentation

The SPDV geomechanical 1instrumentation program for the WIPP was
designed to provide empirical data on the behavior of the salt around
the underground openings and on the pressure developed behind the
exploratory shaft liner and key by ground water and salt creep. The
objective of the geomechanical instrumentation program for SPDV was to

provide:

(1) short-term in situ measurements for assessment of the
preliminary design performance of the underground openings;

(2) early detection of conditions that could affect the safety of

personnel during construction; and

(3) data on adverse ground conditions that may be developing, in
order to identify potential problems and plan and implement

remedial measures.

Instruments were 1initially installed in the SPDV exploratory shaft,
exploratory shaft station, ventilation shaft station, the E0, E140 and
N1100 drifts, and the S90 crosscut to provide data input for the WIPP
Preliminary Design Validation Report. The exploratory drift extending
south of the ventilation shaft was added to the SPDV Program to provide
additional information on the geology in the area proposed for
excavation of the waste storage rooms. Geomechanical instruments were
installed at several Tocations in this drift.

For the WIPP_ _Preliminary Design Validation Report, borehole
extensometer and convergence point data from the SPDV exploratory
shaft, as well as data from the ventilation shaft station and drifts,
were insufficient to estimate Tlong-term closure rates. Most drift
extensometers and convergence points had been installed only a
relatively short time before the report was prepared. A period of 1
year or more was thought to be required before a relatively steady
closure rate could be established. The data were wuseful in
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demonstrating short-term stability of +the excavations and for
developing cumulative closure amounts. Instruments 'with the most
extensive data typically showed a maximum of only 3 or 4 months of
regular monitoring since installation.

4.2.4 Preliminary Conclusions

Preliminary conclusions presented in the WIPP Preliminary Design
validation Report were: '

(1) The walls of the finished shafts are stable, both in the
overburden and salt formations. The mapped shaft
stratigraphy is generally comparable to the stratigraphy used
in the design. Ground-water control 1is satisfactory. The
shaft 1iner and shaft key are performing as expected. No
major revision of design elements or parameters is foreseen
for future WIPP shafts as a result of the findings of
preliminary design validation.

(2) The underground horizontal openings are also stable. After
excavation, repeated inspections of the exploratory and
ventilation shaft stations, entry drifts, crosscuts and the
south exploratory drift revealed essentially no deterioration

in rock stability. The underground drifts and shaft stations
are stable and provide safe working conditions.

(3) Encounters of gas were expected and are typical of nearby
potash mines. The small amount of gas encountered is well
below the 1imit permitted in the underground facility by MSHA
regulations. No brine pockets have been encountered or
detected during excavation of the shafts and underground
openings.
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4.3 GEOTECHNICAL FIELD DATA REPORTS

4.3.1 Background

The compilation of GFDRs was initiated by the DOE to provide
geotechnical and related information from the WIPP underground
activities to interested persons or groups in a timely manner. These
reports provided data from the two major phases of WIPP development:
SPDY and full constructijon. As discussed previously, SPDV was
established as an early construction phase to permit validation of the
WIPP site and preliminary validation of the reference design of the
underground openings. The full construction phase following SPDV was
utilized to continue visual inspections of the underground openings,
monitoring and interpretation of data from geomechanical instruments,
and evaluatiohs and computational analyses of the behavior of the
underground openings for design validation.

The GFDRs were eventually produced on a quarterly basis. These
quarterly reports contain an evaluation of selected aspects of the WIPP
underground environment based on preliminary interpretation and
analyses of data‘collected from the above activities. The analyses and
eva]uatfons contained in the GFDRs provide the supporting documentation

required for design validation.

4.3.2 O0Objectives

As stated in the GFDRs, the geomechanical instrumentation program for
SPDV and design validation was designed and implemented to provide in
situ data on the behavior of the rock (primarily salt) around the
shafts and horizontal underground openings. More specifically, the
instrumentation program was designed to provide:

(1) early detection of conditions that could affect operational
safety;

(2) monitoring of closure rates to allow evaluation of waste

storage and retrievability;
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(3) a greater understanding of the in situ behavior of bedded
salt by comparison of observed response with current facility
reference design calculations; and

(4) measurements of salt deformation and stresses to confirm or
indicate the necessity for revisions to the opening
configuration and the parameters used in underground facility
design based on clearance requirements.

4.3.3 Geomechanical Instrumentation

An extensive geomechanical instrumentation program was implemented to
provide in situ data on the shafts and horizontal underground openings
as part of the 1investigations performed at the WIPP site. These
instruments have been providing data on deformation, pressure, loads
and stress on a regular basis for analysis and evaluation. Instruments
for measuring the geomechanical response of the shafts and horizontal
underground openings include convergence points, convergence meters,
multiple-point and single-point borehole extensometers, load cells,

pressure cells, stressmeters, strain gauges, inclinometers, piezometers
and lateral movement gauges.

Data from these geomechanical dinstruments are read remotely by an
automatic datalogger system and/or <collected manually. A1l data
obtained are entered on magnetic tape for data reduction, tabulation,
analysis and archiving. Data <collected from the geomechanical
instruments have been documented in the GFDRs. These data are the
basis for analysis and evaluation by the project participants and other
fnterested groups. The geomechanical instruments provide data for the
analysis and evaluation of several phenomena at various locations,
including strain in the C & SH shaft key, water pressure behind the
C & SH and waste shaft liners, radial closure of shafts, pressures
between shaft keys and wall rock, roof-to-floor and wall-to-wall
closure in the shaft stations, drifts and rooms, and displacements at
depth into the walls, roof and floor of shaft stations, drifts and
rooms.

4-6



The frequency of data collection 1is determined on a per instrument
basis and is dependent upon instrument location, method of instrument
reading (manual or datalogger), and the number of days elapsed since
excavation at the 1instrument Tlocation. After installation, the
instrument is read frequently, but with time this reading frequency is
decreased since the rate at which the salt mass responds following

excavation also decreases with time.

The geomechanical instrumentation data are presented graphically in the
GFDRs and represent readings collected from the WIPP site since April
1982. The data plots in the reports are grouped by areas within the
underground facility and also by instrument type. The data plots are
updated as new data become available. Summary tables of the
instruments, with the latest readings and the operating histories, are
also presented in the reports. .

4.3.4 Geologqic Data

Geologic data presented in the GFDRs have included the results of
geologic mapping activities, core hole logging, and observations of the
condition and behavior of underground opening surfaces. Geologic maps
of the shafts and representative horizontal opening surfaces have been
presented periodically in the GFDRs or 1in topical reports issued
separately. Geologic 1logs containing descriptions of core samples
obtained from core holes in the underground openings were presented in
the GFDRs as they became available.

Frequent observations by project geotechnical personnel have provided
qualitative determinations of the condition of the underground
openings. These assessments were presented in the GFDRs to document
changes 1in the condition of the -underground openings and in salt
behavior on a reqular basis. Observations such as the condition of the
roof and rock bolts in shaft stations, fractures in pillar corners at
drift intersections and in the salt surrounding the drifts and rooms,
behavior of the roof and walls of the drifts and rooms, and horizontal
disp]acements; vertical separations and fracturing detected in open
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boreholes were documented. This information has provided important
input for design evaluation and safety assessments.

4.3.5 Geomechanical/Structural Analyses

The quarterly GFDRs contain sections on both geotechnical and
computational analyses. These sections present analyses of various
elements of the wunderground excavations. The analyses are updated
periodically to include the most current data available at the time the
reports are published. They have provided a significant amount of
information related to the geomechanical and structural behavior of the
underground openings.
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CHAPTER 5
METHODOLOGY

5.1 INTRODUCTION

Design validation of the WIPP underground openings is accomplished by
determining the compatibility of the design criteria, design bases and
reference design configdrations using site specific information.
Design validation also allows for the development of recommendations to
improve or optimize the reference design. The methods used to validate
the reference design may also be used to validate any recommended
design modifications. Mathematical models containing the modifications
can be generated and analyses performed to predict the future behavior

of the modified reference design.

The design validation process consists of three major steps:
(1) data collection;
(2) analysis and evaluation; and
(3) prediction of future behavior.

Sections 5.2 through 5.4 present the methods used for data collection,
analysis and evaluation, and prediction of future behavior.

5.2 DATA COLLECTION

One of the principal areas of effort in support of design validation
was the compilation of geotechnical data. This data formed the basis
for later analysis and evaluation and for predictive modeling. Data
collected from geologic mapping, core drilling and logging, laboratory
testing, geomechanical instrumentation and field observations have

provided information for validation of the underground opening

reference design. These data can be categorized based on their
relationship to observations of geologic conditions or to structural
behavior. Geologic observations include an assessment of the rock
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characteristics; stability of the openings in rock; reaction of the
rock to excavation; and movements along clay seams. Structural
behavior is the development or modification of stresses and strains in
the salt created by excavation of the underground openings, and the
_pressures occurring at rock/structure interfaces.

5.2.1 Geologic Mapping

Geologic mapping of the shafts, drifts and test rooms was conducted by
site geologists. The objectives of the mapping were:

(1) provide confirmation and documentation of the continuity of
the stratigraphy, 1ithology and structure above and below the

facility horizon;

(2) evaluate any geologic conditions which may affect the
excavation, stability, or safety of the horizontal openings;

(3) support field adjustments and modifications to the reference
design based on the geologic conditions encountered; and

(4) finalize geomechanical instrument locations.

5.2.2 Core Drilling and Logging

Information on stratigraphy and lithology was obtained from core holes
drilled into the floor and roof of the underground openings. The
objectives of the core drilling program were:

(1) confirm the thickness, Tlateral extent, mineralogy and
stratigraphic continuity of the host rock beyond the 1limits
of the excavations;

(2) confirm the continuity of the geologic structure and the

absence of any unusual features within the immediate zone of
influence of the excavations; and
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(3$ obtain stratigraphic information in order to détermine
extensometer anchor depths.

Details of the core drilling program are discussed in Chapter 6.

5.2.3 Laboratory Testing

Initial laboratory tests were performed on core samples of evaporite
minerals and clay from exploratory boreholes AEC-7 and ERDA-9. These
tests were performed by RE/SPEC, Inc., of Rapid City, South Dakota, and
by SNL (refs. 5-1 and 542). The evaporite samples were tested in
triaxial vessels at both room and elevated temperatures. Quasi-static
compression tests were performed under different constant confining
pressures and variable axial Tloads in steps, each load step being
maintained for about 10 minutes. Quasi-static compression tests were
considered as constant stress-rate tests for all practical purposes.
Direct shear tests were performed on samples of clay to determine the
coefficient of sliding friction.

5.2.4 Geomechanical Instrumentation

Geomechanical instruments in the WIPP underground facility provide data
on deformation, pressure, loads and stress. Instruments for measuring
the geomechanical response of the shafts and other underground openings
include convergence points, convergence meters, multiple-point and
single-point borehole extensometers, 1load cells, pressure cells,
stressmeters, strain gauges, inclinometers, piezometers and lateral
movement gauges. Data from the geomechanical instruments are collected
manually as well as read remotely by an automatic datalogger system at
the surface. A1l data are entered on magnetic tape for data reduction,
tabulation, analysis and archiving. These data are a basis for the
analysis and evaluation of underground opening behavior.

The geomechanical instrumentation program for design validation was
designed and implemented to provide in situ data on the behavior of the



rock (primarily salt) around the shafts and undefground openings. More

specifically, the instrumentation program was designed to provide:

(1) early detection of conditions that could affect éonstruction
and operational safety;

(2) c¢losure monitoring for evaluation of the ability of the
underground openings to permit waste storage and retrieval;

(3) a greater understanding of the in situ behavior of bedded
salt by a comparison of the observed responses with
underground opening reference design calculations; and

(4) measurements of salt deformation to permit confirmation or
revision of the opening configurations and the parameters
used in the underground opening reference design based on
clearance requirements.

Tables 5-1 through 5-5 present information on the distribution of
geomechanical 1instruments installed at the WIPP. The instruments
provide data for the evaluation and analyses of several phenomena at
various locations, including strain in the C & SH shaft key, water
pressure behind the C & SH and waste shaft liners, radial closure of
the shafts, pressures between the concrete shaft keys and wall rock,
roof-to-floor and wall-to-wall closure in the shaft stations, drifts
and rooms, and displacements at depth into the walls, roof and floor of
shaft stations, drifts and rooms.

Data from the geomechanical instruments are collected manually or read
remotely by an automatic datalogger system. The datalogger 1is a
computer system that automatically collects and records output from
instruments at specified polling times. The signals from the
instruments are first sent to local termination cabinets (LTC) where
the signal is digitized and then transmitted to the datalogger for disk
storage. Manual readings are manually entered into the computer
system. Changes from 1initial readings and rates of change are
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Table 5-1

C & SH SHAFT
INSTRUMENTS

Location and Type

Purpose

Lined Section

Convergence points

Piezometer

Key

Piezometer

Pressure cell

Welded strain gauge
Embedment strain gauge

Unlined Section

Multiple-point extensometer
Convergence points

Station
Convergence points
(includes permanent and
temporary convergence points
and wall shortening points)

Extensometer (single-point
and multiple-point)

Rock bolt load cell

Lateral movement gauge

Measure wall-to-wall closure of shaft

Measures fluid pressure  buildup
behind liner due to water accumulation

Measures fluid pressure. buildup
behind key due to water accumulation

Measures contact pressure buildup
between concrete key and wall rock

Measures strain in reinforcing steel
of shaft key

Measures strain in concrete of shaft
key

Measures salt creep deformation

Measure wall-to-wall closure of shaft

Measure roof-to-floor and wall-to-wall
closure of openings and pillar
shortening

Measures salt creep deformation in
roof, floor and walls

Measures tensile loads on rock bolts

Measures lateral movement in roof
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Table 5-2
WASTE SHAFT
INSTRUMENTS
Location and Type : Purpose
Lined Section
Piezometer Measures fluid pressure buildup
behind liner due to water accumulation
Key
Piezometer , Measures fluid pressure buildup
behind key due to water accumulation
Pressure cell Measures contact pressure buildup

between concrete key and wall rock

Unlined Section

Convergence points Measure wall-to-wall closure of shaft

Multiple-point extensometer Measures salt creep deformation <::3 N
" Station ,

Convergence points Measure roof-to-floor and wall-to-wall

(includes permanent and closure of openings

temporary points)

Multiple-point extensometer Measures. salt . creep . deformatijon in.
roof, floor and walls
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Table 5-3

EXHAUST SHAFT
INSTRUMENTS

Location and Type

Purpose

Lined Section

Piezometer

Key

Piezometer
Pressure cell

Unlined Section

Multiple-point extensometer

Measures fluid pressure buildup
behind 1iner due to water accumulation

Measures fluid pressure buildup
behind key due to water accumulation

Measures contact pressure buildup
between concrete key and wall rock

Measures salt creep deformation




Table 5-4

DRIFTS
INSTRUMENTS

Location and Type

Purpose

Convergence points

(includes permanent and
temporary convergence points
and wall shortening points)

Extensometer (single- and
multiple-point)

Measure roof-to-floor and wall-to-wall
closure of openings and pillar
shortening

Measures salt creep deformation in
* roof, floor and walls of openings
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Table 5-5

TEST ROOMS
INSTRUMENTS

@

Location and Type

Purpose

Convergence points

Multiple-point extensometer

Inclinometer

Rigid-inclusion stressmeter

Convergence meter

Measure roof-to-floor and wall-to-wall
closure

Measures salt creep deformation in
roof, floor and walls

Measures direction and amount of salt
movement above the roof, below the
floor, and in the walls

Monitors changes in stress within
anhydrite

Measures vertical closure
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calculated and stored® in the computer. The data is transferred monthly
to magnetic tapes which are made available to project participants.

Instruments connected to the datalogger include extensometers,
piezometers, strain gauges, pressure cells, convergence meters and
stressmeters. A1l convergence points, inclinometers, rock bolt Tload
cells, lateral movement gauges and some extensometers must be read
manually. Strain gauges, piezometers and pressure cells have been read
manually at times.

The frequency of data collection 1is determined on a per instrument
basis and is dependent upon instrument location, method of instrument
réading (manual or datalogger). and the number of days elapsed since
excavation at the 1instrument location. Aftgr installation the
instrument is read frequently, but with time this reading frequency is
decreased since the rate at which the salt mass responds following
excavation also decreases with time.

The frequency of readings has been influenced by access limitations
caused by construction operations and by the volume of data to be
collected. At a few convergence point stations in newly excavated
areas, readings were taken frequently to record the early rock
response. Monitoring periods in these instances were typically every 4
to 12 hours for 24 hours, then once daily. Most manually read
instruments were initially read weekly, then once every 2 weeks, and
then once every month. Instruments connected to the datalogger were
initially read at 24-hour intervals, then several times per week, and
then once every 2 weeks. The current schedule for obtaining readings
is shown in Table 5-6. Each instrument's range, sensitivity,
resolution and precision are also presented in this table. These
parameters are important when interpreting and evaluating the data,
especially those readings which reflect changes that are close to the
resolution, sensitivity, or precision 1imits of the instrument.
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Isble 5-6
GEOMECHANICAL INSTRUMENTATION SPECIFICATION SUMMARY

‘\~, Scheduled Instrument Specificatfions:
| ' Instrument Phenomenon Parameters to Frequency of Readings Range (R), Sensitivity (S)
Location Type Monftored be Evaluated as of this Report Resolution (fF), Precision (P)
C&SH shaft  Borehole Deformation X &*, aLw* Weekly (D) (R): 0-2 fn. (P): 0.001 in.
extensometers . at (E): 0.001 in.

C&SH Strain Strain X Strain* As accessible (M) (R): 0-3000 win./in.-embedded
shaft key gauges (R): 0-2500 uin./in.-spot welded
(S): 1 pin./in.

C&SH Pressure Pressure X Pressure® As accessible (M) (R): 0-1000 psi
shaft key cells (S): 1 psi
C&SH shaft  Plezometers Water E Pressure* Monthly (M) (R): 0-500 psig
1iner & key pressure (E): 20.5 psi
C&SH shaft  Convergence Deformation Ta*, AL As accessible (M) {R): 2-50 ft
points at (P): £0.005 tin.
Waste shaft Borehole Deformation &%, aL** " As accessible (D) (R): 0-2 in. (P): 0.001 fin.
extenscmeters at (E): 0.001 in.
Waste shaft Pressure Pressure ZPressure* Weekly (D) (R): 0-1000 psi
Key cells : (S): 1 psi
Waste shaft Piezometers HWater ZPressure* Weekly (D) (l)': 0-500 psig
liner & key Pressure (E): £0.5 psi
Waste shaft Convergence Deformation Tax, AL As accessible (M) (R): 2~50 ft
points at (P): +0.005 in.
Exhaust Borehale Deformation = Ed%, aL** Weekly (D) (R): 0-2 in. (P): 0.001 in.
shaft extensometers . at (E): 0.001 in.
Exhaust Plezometers Water IPressure* Honthly (M) (R): 0-500 psig
shaft liner pressure {E£): 0.5 psi
& key
Exhaust Pressure cells Pressure LPressure* As accessiblie (M) (R): 0-1000 psi
shaft key (S): 1 psi
Orifts Rockbolt Load Zload*, Monthly (M) (R): 0-300 kips
load cells Ap** (S): 16 1b
at
Drifts - Borehole . Deformation Z&*, ALY wWeekly (D)/ (R): 0-2 in. {P): 0.001 in.
extensometers At Monthly (M) (E): 0.001 in. .
Drifts Convergence Deformation Z&%, ALY Monthly to every (R): 2-50 ft
points at 2 months (M)(V) (P): %0.005 in.
drifts Lateral movement ODeformation s No ionger read (R): 0-5 in. (E): 1764 in.
gauges (P): #1/64 in.
’ Test rooms  Vertical fx, By T 3%, Eoy*, (R): 0-30°
inc1inometers Léyy*s Every 2 months (M) (P): 0.3 i1n./100 ft of casing
Azimuth*, (E): +0.001 1n./2 ft of casing

(S): +0.001 ft/2 ft of casing
AZw,, AA}:tuy.

at
A28y
At
Test rooms Horizontal L33 Tswy* A W, Every 2 months (M) (R): 0-230°
inclinometers at (P): 0.3 in./100 ft of casing
(E): £0.001 in./2 ft of casing
(S): £0.001 fts2 ft of casing
Test rooms Vibrating wire Stress IS*, as* Weekly (0, M) (R): 12,000-44,000 psi wire stress
stressmeters at
Test rooms Convergence Deformation I&*, AL** Weekly (D) (R): Aﬁproximate'ly 2.5 ft
meters at - {S): £0.001 in.
Test rooms Convergence Deformation I&*, AL** Honthly (M) ' (R): 2-50 ft
points at (P): 0.00S in.
Test rooms Borehole Oeformation I&*, AL™ _ Weekly (D) (Ry: 0-2 in. (P): 0.001 fin.
extensometers at (E): 0.001 in.
Notes:
(0) = read through datalogger (1) New convergence points are read weekly
(M) = read manually for the first month after installation.
T § = total change fromt = 0 *Design/validation parameter
# = angle **Safety/operational parameter

aL = change from last reading
at = elapsed time since last reading

O



5.2.5 Field Observations

The determination of underground conditions includes a qu&]itative :::>
assessment based on frequent observations by WIPP site geotechnical

personnel. Changes 1in rock conditions and in the behavior of the

underground openings have been observed and documented on a regular

basis in the GFDRs. In addition, quarterly inspections have been made

by Bechtel home office design engineering personnel. These inspections

augmented the site geologists' observations and helped highlight those

thanges which occurred so s1ow1y that they were difficult to detect on

a daily basis.

Periodic inspections of the C & SH shaft have been made since the
shaft was completed. Conditions of the shaft walls, liner and key have
_been observed in addition to any water flow into the shaft. Similar-
inspections of the waste and exhaust shafts have also been made but
less frequently due to Timited accessibility.

Observations of the horizontal openings include such items as the C::}
condition of their roofs and walls; fracturing in pillar corners at

drift and room intersections and in roofs and floors; and horizontal

displacements and vertical separations measured in open boreholes.

This information has provided important input for design and safety

evaluations.

5.3 ANALYSIS AND EVALUATION

Data collected at the WIPP site have been analyzed and evaluated by
qualified engineers and scientists. Engineering experience and
judgement were used in the evaluation of field observed conditions.
Laboratory tests were performed on core samples to determine the
constitutive equations for the host rocks. Theoretical and applied
aspects of measurements, statistics and physics were utilized to
analyze and evaluate geomechanical instrument data.
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5.3.1 O0bservations

The observations of geologic conditions documented during visual

inspections are used to evaluate the performance of the underground

openings. These evaluations are made in conjunction with the
analytical techniques. The evaluations are qualitative, however, and
are subjective assessments of the behavior of the salt surrounding the

excavations.

5.3.2 Laboratory Tests

The results of the laboratory testing described in subsection 5.2.3 on
samples of halite, argillaceous halite, anhydrite, polyhalite and clay
from the facility level were evaluated and statistically analyzed to
determine elastic and creep constants. Constitutive equations for each
of these materials were established and their material property
constants were determined (ref. 5-3). The material property constants
based on the laboratory test results are presented in Chapter 6.

5.3.3 In Situ Measurements.

Statistical and numerical methods were used to analyze in situ data and
to evaluate the physical behavior of salt. Numerical models were used

to compute creep parameters from the in situ data.

In situ measurement data from selected geomechanical instruments in the
drifts and test rooms were fitted with analytical equations using
regression procedures. Since early data are lacking for most of the
instruments, one approach was to calculate the closure rates and fit an
equation to the closure rate versus elapsed time relationship. An
estimate of the early closure not measured by the instruments was
independently derived.

5.4 PREDICTION OF FUTURE BEHAVIOR

Validation of the wunderground opening reference design requires
predicting the future behavior of the openings. This was achieved by
collecting 1in situ data consisting of field observations and



geomechanical instrument measurements. Statistical methods were then
used to extrapolate the data obtained from the geomechanical
instruments. Selected in situ data were fitted to analytical curves
and predictions were made based on the extrapolated results. Closed
form solutions and engineering experience were also utilized to
substantiate the adequacy of the facility. A model simulation method
was used to verify the creep model of salt based on creep constants
derived from data obtained from laboratory material tests. After the
determination of creep parameters using a statistical technique, the
numerical model for simulating the facility was also utilized to
predict and evaluate future behavior. This includes the closures,
strain distributions and stress distributions over the operating life
of the facility.

Design reviews were performed as required during design of the WIPP
underground facility. Experience and judgment were an important
adjunct in predicting the future behavior of the underground openings.
More than 3 years of continuous data collection and analysis and
evaluation have provided an adequate data base for predicting future
behavior.

Subsections 5.4.1 through 5.4.3 describe the methods used for
predicting the future behavior of the underground openings.

5.4.1 Extrapolation of In Situ Data

Selected in §itu closure data were analyzed and fitted by analytical
curves for extrapolation of future responses. Regression analyses by
the Gauss-Newton or Marquardt compromise techniques were performed to
determine the regression parameters. These regression parameters were
assumed to be valid for the future behavior of the opening, and the
equations were used to predict the future closure rate. To estimate
the additional closure that could occur, the equation was integrated
over the required time interval.
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5.4.2 C(Closed Form Solutions

Closed form solutions provided in the SME Mining Engineering Handbook
(ref. 2-25) were used to evaluate the selected room and pillar sizes
and their stability. Closed form solutions for steel and concrete
structural design were also used to substantiate the adequacy of the

shaft Tiners and keys (refs. 5-4 thru 5-7).

5.4.3 Model Simulations

Numerical analyses were performed to compute the predicted responses of
the underground openings. The constitutive Tlaws discussed in
Appendix C were used in these analyses. However, yield or failure
criteria developed for halite and non-halitic materials based on the
results of Tlaboratory tests were not incorporated in the numerical;
modeling. Due to the idealization of the real system in a mathematical
model, the uncertainty of in situ auxiliary conditions corresponding to
the mathematical model, and deviations 1in the material properties
obtained from the laboratory tests, analyses using laboratory test data
did not provide suitable results for design validation. Therefore, an
engineering approach using curve fitting methods was employed. Creep
parameters computed by the following procedure were used for the
analyses. Additional information pertaining to material property
deviations based on laboratory tests is presented in Chapter 6.

Numerical models were denerated for the Tlocations of specific
instruments to simulate the instrument response and compute the creep

parameters.

After generating the numerical models for these locations, their creep

‘parameters were computed and the structural behavior was simulated by

performing an analysis using the statistical method presented in

Appendix C and the following procedures:

(1) At the 1initial stage, the surface of the openings were
restrained to simulate the unexcavated condition.



(2)

(3)

(4)

(5)

(6)

An internal stress was applied at each element to represent
the initial lithostatic stress state, which is defined as:

=5 =s._=-1Y pady (5-1)
0

where: p is the rock mass per unit volume;
g is the gravitational constant; and
y is the depth.

The overburden and support pressures at the boundaries and
the weight of the rock were applied to compute the static
solution.

The restraints at the surface of the openings were then
removed to simulate the excavation.

The structural responses were computed using a time step
integration scheme. Normalized time steps were used
throughout the analysis. At the first time step, the time
increment was calculated by an iterative scheme using a
predetermined initial time increment.

In subsequent time steps, the time increment for each time
step was calculated based upon the previous time steps and
the specified maximum tolerances of stress and strain
increments at the previous and current time steps. The
structural responses were computed at each normalized time
step.
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CHAPTER 6
GEOLOGIC CHARACTERIZATION

6.1 INTRODUCTION

Geologic characterization of the underground excavations for design
validation of the WIPP began in June 1981. Initial characterization
activities consisted of monitoring the drilling and geophysical logging
of the SPDV exploratory shaft. As shaft outfitting and underground
excavation progressed, the geologic work evolved into mapping of the
shafts and underground horizontal openings, performing ground-water
inflow tests, monitoring geomechanical instrumentation installations
and taking subsequent readings or measurements, 1logging underground
core hole samples, and performing other tasks related to defining the
geologic integrity of the WIPP site. Data from these activities were
evaluated in conjunction with information from previous site studies to
more accurately define site geologic conditions as they related to
design validation of the WIPP underground facility.

6.2 DATA COLLECTION ACTIVITIES

6.2.1 Geologic Mapping

An important aspect of validating the WIPP underground opening
reference design 1included geologic mapping of the shafts and drifts.
The objectives of this mapping were discussed in Chapter 5.

6.2.1.1 C & SH Shaft

Geologic characterization of the C & SH shaft began in late June 1981
with the drilling of the SPDV exploratory shaft (see 'Chapter 3,
subsection 3.3.1, for an explanation of the two shaft names). The
initial activity conducted to develop this characterization consisted
of logging the drill cuttings at periodic dintervals to permit a
determination of rock types and to provide a description of the
geologic formations penetrated (Appendix D, Figure D-1). These
formations included, in descending order, the Dewey Lake red beds, the
Rustler formation and the Salado formation.
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After completion of the drilling operation, geophysical 1logging was
performed in the shaft to determine the condition of the shaft wall and
to more accurately define the stratigraphy penetrated. These logs were
the caliper, gamma ray, density and epithermal neutron. The logs were
analyzed to better determine the depths to various stratigraphic
horizons and correlate them with those found in holes drilled during
previous site investigation phases (Appendix B, Figure B-1).

Reconnaissance and detailed geologic mapping of the C & SH shaft was
performed between March 31, 1982, and May 2, 1982, from a depth of
about 846 feet (elev. 2564 feet) near the Rustler/Salado formation
contact to a depth of 2,193 feet (elev. 1217 feet). Mapping above the
846-foot depth could not be performed due to the presence of the
permanent steel liner, while drilling fluid and muck prevented mapping
below the 2,193-foot depth. The results of this mapping, combined with
criteria established as a result of previous site investigations, were
used to select the final depth for the underground development level
(Chapter 3, Section 3.2). The mapping results are shown in Appendix D,
Figures D-2 through D-4. A detailed discussion of the mapping is
contained in reference 3-1.

Vertical control for the shaft mapping was established by tape measure

from a known elevation provided -by the SPDV  underground -excavation -

contractor at the shaft collar. The scope of work and methodology for
the shaft geotechnical activities are contained in reference 6-1.

Reconnaissance geologic mapping of the shaft from a depth of about 920
feet (elev. 2490 feet) to 2,083 feet (elev. 1327 feet) was accomplished
after construction of the shaft key. The mapped area was limited to a
strip 1 to 5 feet wide along the south side of the shaft. One interval
from about 1,832 feet (elev. 1578 feet) to 1,892 feet (elev. 1518 feet)
was not mapped due to the interference of shaft outfitting activities.

Detailed circumferential geologic mapping was performed in the key area
from the base of the steel liner to a depth of about 920 feet.
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Detailed mapping was also performed from a depth of about 2,083 feet to
about 2,193 feet. Detailed mapping was carried out through this
interval to obtain sufficient geologic information for use 1in making
the final facility 1level selection. The facility Tevel selection
mapping was performed by several teams of geologists working over a
3-day period from April 30 to May 2, 1982. The detailed mapping was
generally performed independently of shaft outfitting aqtivities to
permit better observation and interpretation of the shaft geologic
characteristics.

Representative samples of the geologic strata surrounding the shaft
were obtained during mapping for later, more detailed classification.
Photographs were taken at various locations along the shaft waill for
verification of the mapping ‘results and record-keeping purposes. As
mapping progressed, observations of the shaft wall were also made to
determine the condifion of the salt as a result of its behavior

following excavation.

Based on the data obtained from the above activities, characterizations
were made of the geologic formations penetrated by the C & SH shaft.
The characterizations consisted primarily of descriptions of the
stratigraphy, 1ithology and structure of the formations. Other
detailed data were included, where relevant, to more accurately
characterize the salt strata in areas of primary concern to the design
of the WIPP underground facility.

The C & SH shaft geologic activities served to further refine and
confirm the data obtained from previous site dinvestigations. The
geologic conditions observed in the C & SH shaft within the mapped
interval corresponded to the conditions expected from previous
investigations. Borehole ERDA-9, in particular, showed conditions
similar to the C & SH shaft. Although some variation was observed,
it was attributed to core loss in ERDA-9 which prevented the early

detection of these conditijons.



Only minor modifications to the reference design of thevc & SH shaft
key structure and the geomechanical instrumentation levels were made to
accommodate the observed; geology.

6.2.1.2 Waste Shaft

Drilling of the initial 6-foot diameter SPDV ventilation shaft (later
to be enlarged to the waste shaft) was conducted from December 1981 to
February 1982. Samples of the drill cuttings were obtained at periodic
intervals from the drilling fluid to permit monitoring of the
_ stratigraphy being penetrated. After the drilling was completed, a set
of geophysical logs was run to determine the shaft wall conditions and
to further define the boundaries of the rock strata penetrated.

Geologic mapping of the 6-foot diameter shaft began in July 1982 in
conjunction with the initiation of shaft outfitting. Initially, five
areas of weaker rock which had been washed out by the drilling
operation were mapped between July and September 1982 before steel
Tiner p]ate was placed over these areas for safety purposes. Geologic
mapping of the SPDV ventilation shaft from the bottom of the steel
surface casing at 97 feet (elev. 3312 feet) to the bottom of MB-139 was
conducted during September and October 1982.

Both reconnaissance and detailed geologic..mapping were performed in the
6-foot diameter shaft. The mapping extended from a depth of 97 feet
below the ground surface to a depth of about 2,170 feet (elev. 1239
feet). The results of this mapping are shown in Appendix E, Figures
E-1 through E-6. 1In addition, a 1ithologic log, based on the geologic
mapping, and a geophysical density log are shown in Appendix B, Figure
B-1, for correlation with the C & SH shaft and boreholes WIPP-12,
ERDA-9 and DOE-1. A detailed description of the SPDV ventilation shaft
geotechnical activities is contained in reference 4-3.

Mapping of the SPDV ventilation shaft was generally performed by a team

of two geologists. Depth control was maintained by hanging a tape down
the shaft wall at 100- to 200-foot intervals from the top of the

6-4




([
b : i

g’

surface casing. Orientation in the shaft was maintained by following a
steel quide installed on the southwest wall to control movement of the
work platform used in the shaft. Most of the shaft was mapped in a
strip about 2 to 3 feet wide along the steel guide. Although only a
portion of the shaft wall was mapped, visual examination was made of
the entire wall to determine if any geologic abnormalities existed.
Below a depth of about 1,180 feet (elev. 2229 feet), mapping was
performed on a limited basis due to salt incrustation on the shaft
wall. This crust was apparently the result of dust from the facility
level that was exhausting through the shaft and depositing on the wet
shaft wall. Representative samples of the rock strata were collected
to permit a more detailed description. Photographs were taken at
various locations along the shaft wall for verification of the mapping
results and record-keeping purposes. In addition to providing a
description of the rock strata, observations of the shaft wall were
made to determine, where possible, fhe reaction of the rock to

excavation.

Detailed mapping around the full circumference of the 6-foot diameter
shaft was performed at the following five intervals:

(1) Magenta dolomite member,

(2) Culebra dolomite member,

(3) Rustler formation fracture zone;

(4) Rustler/Salado formation contact; and
(5) MB-139. '

Because of salt incrustation‘on the shaft wall immediately above the
facility level, detailed circumferential mapping could not be perfarmed
in this area. However, two opposing strips about 1 foot wide were cut
through the crust to permit mapping of the shaft wall for a distance of
about 50 feet above the facility level. Depths in the facility level
area were verified by a separate survey utilizing elevation points
established in the € & SH shaft station.



The enlargement of the SPDV ventilation shaft into the waste shaft
began 1in October 1983 and was completed in August 1984. Additional
geologic mapping and visual inspections were conducted concurrently
with this excavation. Mapping was conducted from December 9, 1983, to
August 10, 1984. Visual inspections of the shaft surface were
performed throughout the shaft enlargement operations. The Tithology
of the exposed shaft stratigraphy was described and compared with the
description of the same stratigraphic interval mapped 1in the SPDV
ventilation shaft. Any differences or additional detail were noted and
the SPDV ventilation shaft geologic map was modified accordingly.

In the 1ined section of the waste shaft, the depth to the base of each
successive concrete segment was provided by the shaft excavation
contractor. Vertical control for mapping was then established from the
base of the previous segment. During enlargement of the unlined
section of the shaft, vertical control was established from occasional
survey control points installed by the contractor and from the
previously mapped SPDV ventilation shaft geology. In the shaft sump,
vertical control was based on a contractor survey point installed at a
"~ depth of 2,167 feet (elev. 1242 feet).

Detailed, full circumference geologic mapping was performed in areas of
specific geologic interest. These areas were selected beééuse of their
poor exposure in the SPDV ventilation shaft, the possible occurrence of
dissolutioning, or their "hydrologic significance. These areas of
detailed mapping were: '

(V) the Forty-niner member claystone;

(2) the Magenta dolomite member;A

(3) the Tamarisk member claystone;

(4) the Culebra dolomite member;

(5) the upper portion of the unnamed lower member of the Rustler
formation; and

(6) the Rustler/Salado formation contact and key area.
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The detailed mapping in the waste shaft was generally conducted as
outlined in reference 6-1. Mapping was conducted by teams of four to
six people. Once vertical control was established by the contractor
from the base of the previous concrete segment, a 5 x 5-foot grid was
painted on the shaft surface around its circumference to permit the
accurate location of any lithologic contacts and geologic features.

Reconnaissance geologic mapping was performed in the waste shaft sump.

A vertical strip, approximately 5 feet wide, was cleaned and mapped

along the entire length of the sump.

A detatiled description of the geotechnical activities conducted in the
waste shaft is contained in reference 6-2. The results of the mapping
are shown in Appendix E, Figure E-1.

The geologic mapping and visual inspections of " the  SPDV
ventilation/waste shaft has provided additional documentation of the
strata above and below the WIPP underground development level. Based
on the data obtained from the shaft mapping activities, a general
characterization of the stratigraphy, Tlithology and structure of the
geologic formations penetrated by the waste shaft was made.

The waste shaft penetrates five formations. In descending order, they
are the Gatuna formation of Quaternary age, the Santa Rosa sandstone of
Triassic age, and the Dewey Lake redbeds, Rustler formation and Salado
formation, all of Permian age. In addition, the waste shaft also
penetrates thin surficial Quaternary dune sands and the Mescalero
caliche. In the WIPP site area, the Santa Rosa sandstone and the
Gatuna formation are represented by thin Tlayers of sandstone (ref.
6-3). They were not mapped in the waste shaft due to installation of

the shaft collar facilities.

The results of the geologic mapping of the waste shaft correlate well
with the SPDV ventilation shaft mapping results. The stratigraphic
units penetrated by the waste shaft are the same as those encountered
by the C & SH shaft.
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Post-depositional dissolution features were not observed in any
stratigraphic horizons in the waste shaft. Several zones previously
identified as containing dissolution residues in borehole ERDA-9 are
now considered to contain pronounced primary sedimentary features.

6.2.1.3 Exhaust Shaft

The exhaust shaft was enlarged from a 6-foot diameter raise-bored
shaft to its finished 14~ to 15-foot diameter using conventional drill
and blast methods from July 1984 to January 1985. Geologic mapping of
the shaft wall was conducted concurrently with excavation and
construction activities.

Reconnaissance geologic mapping was performed along the entire length
of the shaft with the exception of selected areas where detailed
mapping was performed. A vertical strip, approximately 5 feet wide,
was cleaned and mapped. The procedures used for the reconnaissance
mapping are contained in reference 6-1.

Detailed circumferential mapping of specific areas of geologic interest
was also performed. These areas included those previously described in
the C & SH and waste shafts and four additional areas within the
Dewey Lake redbeds, three of which contain gypsum filled fractures.
The areas of detailed mapping in the exhaust.shaft were:

(1) gypsum~filled fractures at a depth of 195.0 to 210.0 feet;

(2) qypsum-filled fractures at a depth of 269.0 to 280.5 feet;

(3) gypsum-filled fractures at a depth of 353.5 to 375.0 feet;

(4) the Dewey Lake/Rustler formation contact (546.4 feet);

(5) the Forty-niner member claystone (575.5 to 586.5 feet);

(6) the Magenta dolomite member (602.5 to 627.0 feet);

(7) the Tamarisk member claystone (689.0 to 695.5 feet);

(8) the Culebra dolomite member (713.5 to 736.0 feet);

(9) the upper portion of the unnamed lower member (736.0 to 800.0
- feet); and |

(10) the Rustler/Salado formation contact and key (845.0 to 912.0
- feet).
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The detailed geologic mapping was performed in a manner similar to that
in the waste shaft, using a 5 x 5-foot grid. Vertical survey control
was provided by the shaft excavation contractor. As the shaft Tliner
was constructed, the depth to the base of each successive concrete
segment was provided by the contractor. Vertical control for mapping
was then established from the base of the previous segment. During
excavation of the unlined section of the shaft, vertical control was
established with survey chains suspended from contractor-installed

survey control points.

The results of the exhaust shaft mapping are shown in Appendix F,
Figure F-1. A detailed description of the geotechnical activities in
the exhaust shaft are included in the report titled Geotechnical
Activities in the Exhaust Shaft (ref. 6-4).

In general, the exhaust shaft mapping results correlate well with the
results from the waste shaft. Slight lateral variations in the geology
produce minor exceptions. The exhaust shaft geologic mapping
activities have produced additional confirmation of data obtained from
previous site investigations. This mapping confirms the suitability of
the shaft reference design, with some minor modificatioﬁs, based on the

original design parameters.

6.2.1.4 Drifts and Test Rooms

Geologic mapping of the drifts and test rooms was performed to
characterize the facility level geology, demonstrate its continuity,
and provide permanent documentation of the geology exposed in the
underground excavations. Those drifts and rooms that were not mapped
were visually inspected by site geologists to verify that the
stratigraphy is laterally continuous and similar to that exposed in the
mapped areas of the facility. No wunusual geologic features were

observed.

Geologic mapping was conducted in accordance with the procedures
established in reference 6-1. A horizontal level-line referenced to



the C & SH shaft station floor elevation was established in the
drifts and rooms using an engineer's tripod level. Al1 stratigraphic.
contacts and geologic features were referenced to this level-line
datum. Horizontal distances were measured with an engineer's tape
using the C & SH shaft centerline as the zero reference point.
Detailed mapping was performed at 10-foot intervals along one wall of
the drifts. Between these intervals, the continuity of the
stratigraphic contacts and the nature of the individual units were
observed and noted on the map. The mapped drifts were the E140 drift,
the EO drift, the N1100 drift and the N1420 drift. Selected figures

showing the megascopic results of this mapping are ‘contained in
Appendix B.

Geologic Mapping in the test rooms consisted of describing a 6- to
10-foot wide strip surrounding the instrument array in the center of
each room. Both walls and the roof in each room were mapped. The
remainder of the room was carefully inspected to confirm lateral
continuity of the stratigraphic units. The strip maps from the test
rooms are presented in Appendix G, Figures G-1 .through G-4.

6.2.2 Core Drilling

6.2.2.1 Purpose

Vertical core holes were drilled into the floor and roof of the
underground openings to provide geologic information for design
validation. The objectives of the vertical core holes are described in

Supporting Document 3 of reference 2-5. The purpose of the program was
discussed in Chapter 5 of this report.

6.2.2.2 Summary of Drilling

A total of 124 vertical core holes have been drilled and logged in the
underground drifts and in the SPDV test rooms, excluding those drilled
as part of SNL's in situ tests. This number includes 16 holes drilled
to replace holes that had poor core recovery and four holes drilled to
obtain information on non-cored sections in the original holes. The



holes weke generally drilled in pairs, one hole drilled vertically into
the roof and one hole drilled vertically into the floor. Core was
obtained in each hole to a nominal depth of 50 feet. Table 6-1
presents a summary of the core hole data. A map showing the core hole
locations is presented on Fiqure 6-1. Geologic cross sections at
selected core hole locations in the drifts are contained in
Appendix H. Geologic drill logs of all of the core holes are contained

in Appendix I.

Drilling was performed by the underground excavation contractor. The
drill rig was set up by the driller and the attitude of the core hole
was checked by site geotechnical personnel. Logging and handling of
the core were performed by geotechnical personnel in conformance with
the procedures outlined in Supporting Document 3 of reference 2-5.

A1l core holes were drilled using rotary equipment and compressed air
or saturated brine as the circulating medium. The holes were drilled
with a diamond impregnated bit which produced 2-inch or 2 3/8-inch
diameter core. A 5-foot long double-tube or split double-tube core

barrel was used to retain the core.

The core was logged underground as it was removed from the core barrel
or after the drilling of the hole. was completed. Logging was generally
performed by the same gcologist to maintain consistency in the
descriptions of the geologic materials. The following data are

recorded on each log:

(1) location of core hole and direction of drilling (up or down);

(2) beginning and completion dates of dri11ing;'

(3) 1length and number of core run;

(4) amount and percentage of core recovery;

(5) stratigraphic and lithologic descriptions (color descriptions
are based on the Geological Society of America (GSA)
Rock-Color Chart);

(6) graphic lithologic profile; and
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Table 6-1 .
SUMMARY OF CORE HOLE DATA .
Page 1 of ¢
Collar Approximate Facility Depth/

Core Hole Elevation Station Coordinates Penetration Instrument

No. Direction (ft-MSL) (ft) (ft) (ft) Designation
MB-139-1 Down 1264.1 N79 W6 N9766 E6888 10.0 None
MB-139-2 Down 1251.2 410 E150 N9277 E7044 15.7 None
MB-139-3 Down 1260.5 S101  E157 N9586 E7051 16.0 None
MB-139-4 Down 1258.7 599 W17 N9588 E6877 16.2 None
DH-01 Up 1318.2 N1424 E439.5  N11110.9 E7335.5 50.8 None
pH-02(1) Down N1424  E440 N11110.9 E7336.06 50,2 None
DH-02A(1) Down N1424  E435 N11110.9 E7331.29 49,2 None
DH-028 Down 1306.3 N1424  E442 N11110.9 E7331.29 53.0 None
DH-03 Up 1318.1 N1112  E444 N10799.2 E7335.4 48.8 None
DH-03A Up 1317.4 N1112  E450.5  N10779.2 E7341.92 49,9 None
DH-04 Down 1309.6 N1112.5 E444 N10799.2 E7335.4 45.8 None
DH-04A(1) Down 1309.6 N1113  E446 1.2 None
DH-04B Down 1309,7 N1112 E450.5  N10799.70 E7341.85 51.4 None
DH-05 Up 1329.9 N1463 E972 N11149.6 E7865.0 51.0 None
DH-06 Down 1317.9 N1463 E972 N11149.7 E7864.9 49,75 None
DH-07 Up 1326.7 N1112 E976.5  N10799.3 E£7870.8 49.8 None
DH-08 Down 1318.8 N1112  E976.5  N10799.4 E7870.9 38.3 None
DH-08A(1) Down 1318.7 N1112  E97% 50.7 None
DH-08B Down 1318.0 N1112 E979.5  N10799.47 E7866.66 51.4 None
DH-09 Up 1324.5 N1432 E1332.5 N11108.71 E8227.11 51.1 None
DH-10 Down 13121 N1432 E1332.5 N11108,70 E6227.09 52.0 None
DH-11 Up 1320.5 N1112 E1332.5 N10799.8 E8227.3 50,9 None
DH-12 Down 1311.1 N1112 E1332.5 N10799.4 E8227.2 51.3 None
DH-13 Up 1311.4 N1424  E1690 N11112  EB8585 13.8 None
DH-13A Up 1311.5 N1424.5 E1691 N11112  EB586 49,0 None
DH-138B Up 1311.4 N1425 E1695 N11112.6 E8590.1 21.0 None
DH-14 Down 1299.5 N1425 E1695 N11112.6 E8590.1 49,1 None
DH-15 Up 1308.9 N1104 E1688.5 N107Y3.26 EB589,96 51.0 None
DH-16 Down 1300.3 N1104 E1688 N10792.89 E8589.39 51.0 None
DH-17 Up 1316.5 N1427 E178 N11114.2 E7071.8 52.0 None
DH-18 Down 1305.1 N1429 E181 N11114.2 E7071.8 50.8 None
DH-19 Up 1314.7 N1107 E206.5  N10794.2 E7101.7 51.6 None
DH-20 Down 1306.2 N1109 E206 N10794.2 E7101.7 51.1 None
DH-21 Up 1331.0 N1421 E786 N11109.1 £7680.9 50,4 None
DH-22 Down 1318.8 N1421.5 E785.5 - N11109.2 E7680.9 51.0 None
DH-23 Up 1328.0 N1112 E781 N10799.2 E7679.9 51.0 None
DH-24 Down 1319.5° N1112  E781 N10799.2 E7679.8 49.4 None
DH-24A Down 1319.5 N1112 E780 N10799.08 E7678.59 50.4 None
DH-25 Up 1318.8 N1422 E1510 N11109.7 E8403.8 51.8 None
DH-26 Down 1307.2 N1427 E1510 N11114.3 E8403.8 53,0 None
DH-27 Up 1300.8 N1107  W682 N10793.7 E6218.4 50.5 None
DH-28 Down 1289.9 N1107 w682 N10793.8 E6218.3 50.5 None
DH-29 Up 1298.3 N1099  W982 N10785.4 E5932.4 50.4 None
DH-29A Up 1298.1 N1099 w987 N10786.1 E5927.3 35.0 None
0H-30 Down 1289.2 N1099  W982 N10785.5 E5932.2 50,1 None
DH-31 Up 1298,5 N109Y w1282 N10784.9 ES5632.3 50.5 None
DH-31A Up 1298.5 N1099 W1280 N10784.8 E5630.5 49.2 None
DH-318 Up 1298.5%  N1099 1261 N10786.7 E5652.2 4.9 None
DH-32 Down 1289.6 N1099  W1282 N10784.9 E5632.2 50,0 None
DH-32A Down 1289.5 N1099  W1261 N10786.7 E5652.2 5.5 None
DH-33 Up 1298,6 N1099 w1582 N10786.0 E5331.1 50,5 None
DH-33A Up 1297.4 N1099  W1570 N10786.8 E5342.0 4,1 None
DH-34 Down 1289.4 N1099  W1582 N10786.5 E5331.7 51.5 None
DH-34A Down 1289.2 N1099  W1570 N10786.8 E5341,9 3.6 None
DH-35 Up 1294.4 N1102 w1882 N10789.4 E5032.2 52.0 None
DH-36 Down 1284.6 N1102 w1882 N10769.4 E5032.2 51.5 None
DH-37 Up 1297.4 N110T w2182 N10788.9 E4732.0 51.5 None
DH-38 Down 1287.0 NT101  W2182 N10768.8 E4731.9 47.5 None
DH-39 Up 1296.0 N1101 w2482 N10789.2 E4430.7 50.7 None
- DH-40 Down 1286.1 NT101 w2482 N10769.2 E4431.0 51.0 None
DH-41 Up 1295.8 N1101 w2782 N10789.0 E4132.6 49.9 None
DH-42 Down 1285.9 N1101 w2782 N10789.0 E4132.4 51.2 None
DH-42A Down 1285.7 N1101 w2789 N10789.2 E4125.5 40.5 None

(1} Survey data not available.
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Table 6-1 {continued)

o,
N SUMMARY OF CORE HOLE DATA
Page 2 of 2
Collar Approximate - ractiity Uepth/
Core Hole Elevation Station Coordinates Penetration Instrument
No. Direction  (ft-MSL) (ft) (ft) (ft) Designation
DH-207 Up 1259.8 $697 E155 N8989.7 E7049.1 53.0 GE-246
DH-208 Down 1251.6 5698 £150 N8988.8 E7044,0 44,2 None
DH-211 Up 1270.5 S1320 E163 N8366.5 E7057.1 50.0 None
DH=-212 Down 1261.7 $1320 E163 N8366,5 E7057.1 5¢2.1 None
DH-215 Up 1272.0 $1960 E153 N7727.2 E7046.9 52.0 GE-247
DH-216 Down 1262.6 S§1960 E153 N7727.2 E7046.9 54.2 GE-248
DH-219 Up 1266.3 $2422 E162 N7264.9 E7056.6 51.0 None
DH-219A Up 1266.1 $2418 El162 N7268.5 E7056.2 1.3 None
DH-220 Down 1257.4 $2421 E162 N7265.5 E7055.9 51.8 - None
DH-223 Up 1255.1 §3079 E154 N6607.2 E7048.5 52.6 GE-249
DH-224 Down 1246.6 §3079 E154 N6607.5 E7048.5 52.5 None
DH-227 Up 1247.0 $3656 E147 N6030.7 E7041.2 51.7 None
DH-228 Down 1237.8 $3656 E147 N6030.7 E7041.2 50.4 None
DH-301 Up 1276.9 N150 w170 N9830.5 E6724.5 50.75 None
DH=-302 Down 1264.9 N150 w170 N9830.5 E6724.5 50.6 None
DH-303 Up 1267.2 $400 w170 N9282.3 E6726.1 51.4 None
DH-304 Down 1254.3 S400 w170 - N9282.5 E6726.1 50.5 None
DH-306 Down 12441 S400 E140 N9287.3 E7049.9 5¢.0 None
DH-306A Down 1244,0 $400 E125 N9287.9 E7034.6 - 8.5 None
DH-307 Up 1262.6 S400 £300 N9286.7 E7194.2 52.0 GE-263
DH-309 Up 1259.8 $700 E220 NB987.1 E7N23.0 52.3 GE-265
DH-311 Up 1264.4 $1000 E300 N8686.3 E7194.9 52.0 GE-264
DH-313 Up 1270.6 $1300 E300 N8385.9 E7190.6 19.6 None
DH-313A Up 1270.9 S1300 E29Y9 N8386.6 E7189.5 50.2 None
DH-314 Down 1258.3 §1300 E300 N8386.5 E7189.5 50.75 None
DH-315 Up 1272.1 S1300 w170 N8387.3 E67¢5.5 50.3 None
DH-316 Down 1259.9 S1300 w170 N8387.2 E6725.3 50.1 None
DH-317 Up 1271.3 S1600 W33 N8U77.4 E6875.9 50.1 None
o DH-317A Up 1271.2 51600 . W30 N8077.5 E6879.5 5.0 None
< ; DH-3178 Up 1271.2 $1597 W30 N8UL8U.3  E6881.0 51.0 None
> DH-318 Down 1258.5 S1600 W30 N8077.3 E6876.1 50.0 None
DH-319 Up 1260.0 $700 £300 N8988.1 - E7191.6 51.05 None
DH-321 up 1261.4 $400 EQ N9792.0 E6891.8 52.0 GE-268
DH-323 Up 1261.2 $400 E55 N9291.7 E6Y52.5 52.5 GE-267
DO-45 Up -1285.5 N254 £147 N9941.0 E7041.3 52.4 GE-230
DO-46 Down 1276.5% N254 E147 N9941.0 E7041.3 51.5 None
D0-52 Up 1280.4 N146 wa N9832.5 E6890.5 51.6 GE-226
D0-53 Down 1266.6 N146 W4 N9832.5 E6890.5 49,2 None
DO-56 Up 1296.8 N621 EO N10311.8 E6892.3 52.1 GE-234
D0-57 Down 1288.1 N621 . EO N10311.8 - E6892.4- 52.1 None
D0-63 Up 1310.6 N1110 EO N10796.0 E6841.9 52.8 GE-243
D0-64 Down 1301.5 N1T16  EO N10746.0 E6BY1.& 5¢.8 GE-221
D0-67 Down 1296.8 N1265 W231.5 N10952.1 E6662.9 51.7 GE-220
DO-69 Up 131041 N1265 W231.5 N10Y51.9 E6662.5 51.4 GE-218
D0-77 Down 1294.6 N1270  W3b4.5 N10962.5 E6529.6 53.4 GE-¢16
D0-79 Up 1307.7 N1270 W364.5 N10962.6 E6529.5 5.8 GE-214
D0-88 Up 1305.9 N1265 wW497.5 N10952.8 E6396.5 5¢.7 GE-212
DO-90 Down 1292.1 N1265 W497.5 N10952.6 E6396.4 53.6 GE-210
D0-91 Down 1292.1 N1275 W630.5 N10961.5 E6263.9 51.8 GE-209
D0-93 Up 1304.9 N1275 W630.5 N10961.1 E6263.9 52.0 GE-207
00-201 Up 1262.2 5406 W19 N9280.6 E6874.9 51.7 None
D0-202 Down 1248.6 S406 W19 N9280.6 E6874.Y 51.4 None
D0-203 Up 1298.2 N624 E140 N10308.6 E7041.7 5¢2.0 GE-235%
D0-204 Down 1290.5 N640 E140 N10308.5 E7041.5 51.6 None
D0-205 up 1316.5 N1410 EO N11095 E6892 50.7 None
D0-206 Down 1308.0 N1410 EO N11095 E68Y2 50.6 None
D0-229 Up 1259.8 s401 E153 N9287 E7049 50.6 None
QH-9 Up 1310 N1433 W231.5 N11125.6 E6062.9 15.4 None
"OH-11 Up 1308 N1433 W364.5 N11125.6 E6524.6 19.7 None
OH-13 Down 1298 N1433 Wz31.5 N11125.6 E6062.9 9.5 None
OH-14 Down 1296 N1433  W364.5 N11125.6 E6529.6 9.7 None

O
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(7) other pertinent information related to core conditions and

observations made during drilling.

Included on the logs of many of the core holes is a core ~sample
reference number for each distinguishable stratigraphic unit (except
anhydrite). This number (in some cases several numbers) is shown in
brackets at the end of the unit description. The number identifies a
specific core sample that has undergone a laboratory analysis to
determine its percentage of insolubles (clay/polyhalite). A listing of
the reference core samples and their laboratory test results for
insoluble residues are presented in Table 6-2. The reference sample
system was used to provide uniformity in the logging of the core and to
facilitate the comparison of unit descriptions with samples having a

known insoluble content. The sample number or numbers which appear on
the log are those which are visually most similar to the overall unit.
The crystal size in the reference samples may not be the same as in the
units with which they are corre]éted.

Each box of core was photographed and then stored in the WIPP core
library. After data from several of the core holes was collected,

correlations between the holes were developed.

6.2.2.3 Summary of Results

The underground core drilling program has demonstrated the 1lateral
continuity of stratigraphy throughout the wunderground facility
horizon. Three anhydrite units were identified in the upholes and two
anhydrite units were identified in the downholes. These units are
consistently underiain by clay seams. In addition, a clay seam
designated clay 1 was found in most of the upholes and a clay seam
designated clay D was found in many of the downholes. Anhydrite is
commonly associated with these two seams. The remaining units consist
of halite with varying amounts of argillaceous material and
polyhalite. Individual units vary slightly from hole to hole in
thickness, crystal size, and the percentage of accessory constituents
such as argillaceous material and polyhalite. The stratigraphy
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Table 6-2

INSOLUBLE RESIDUES OF REFERENCE CORE SAMPLES
SANDIA NATIONAL LABORATORIES

Water-Insoluble EDTA-Insoluble (1)
Reference Depth Sample  Residue sample  Residue
Sample Hole Interval Weight Weight Percent Weight Weight Percent
Number Number (feet) {(grams) (grams) Weight (grams) (grams) Weight
1 D0-52 9.0 - 9.7 451.09 0.03  0.01
2 D0-52  39.4 - 40.0 336.10 .11 0.03
3 00-52  14.3 - 15.0 415.57 2,15  0.52 1.61 0.72  44.72
4 D0-53  14.1 - 14.5 251.72 0.40  0.16 0.36 c.14  38.89(2)
5 D0-53 4.0 - 4.3 206.53 1.28  0.62 0.80 0.28  35.00(2)
6 D0-53  23.7 - 24.1 155.36 1.26 0.8 0.9b 0.5  61.46
7Y pHea 18.0 - 18.35 0.22
00-52 2.0 - 2.75 436,67 2.16  0.49 1.32 G.91  68.94
o3 pu-12 28.15- 28.6 0.75 57.1
10030 DH-11 46.5 - 46.9 3.85 39.2
nBl a2 50.05- 50.4
12030 pu-n 32,8 - 33.35 2.36 50.0
13 00-53  36.1 - 36.7 364.13 1.89  0.52 1.47 .17 79.59
14 D0-52  42.6 - 43.5 543.62  17.97  3.31 5.13 4.5 89,28
15 D0-52  33.8 - 34.7 538,73  20.28  3.76 5.08 3.9 76.8
16 D0-52  48.7 - 49.2 315.06  16.59  5.27 5.31 4.33  8).54 _
17830 pHoto 43,3 - 4306 0.52 49.2 Q
Notes:

(1) For description of sample preparation see Results of Site Validation Experiments, Waste
Isolation Pilot Plant (WIPP) Project, Southeastern New Mexico, Section 5.4 (ref. 2-5).

(2) Small sample volume may have produced inaccurate result.

{3) Reference sample used for visual comparison is identical to the sample tested in the
laboratory, but is from different interval within the same unit. :
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encountered in the core holes was used to prepare the reference

stratigraphic column discussed in subsection 6.3.1.3.

The presence of any gas or brine detected during drilling is recorded
on the drill logs. Usually within 2 weeks of completing an air-drilled
uphole, brine weeps or moisture halos appear at the collar of the
hole. Brine has also collected in someé downholes which were dry during
drilling. .Observations of gas and brine occurrences are discussed in

the following subsection.

6.2.3 Fluid Measurements

6.2.3.1 General Description

Ground-water 1inflow measurements were taken in both the SPDV
exploratory and ventilation shafts as part of the geologic field
activities for the SPDV Program. In addition, measurements in the
waste shaft and exhaust shaft were taken as part of design validation.
Gas and brine have been encountered in boreholes and at excavation
faces 1in the facility level drifts and rooms. Studies are being
performed by other WIPP project participants to further investigate and
evaluate these occurrences.

6.2.3.2 C & SH Shaft

Measurements of fluid inflow were taken during the SPDV exploratory
shaft drilling operation when the drill tools were out of the hole for
a bit change. The measurements were taken by monitoring changes in the
drilling fluid Jlevel over a period of several hours. These data were
then used to estimate approximate ground-water flow rates into the
shaft.

6.2.3.3 Waste Shaft

Ground-water inflow measurements were taken in the 6-foot diameter SPDV
ventilation shaft during shaft outfitting. These measurements were
taken in the shaft sump and at the base of the Rustler formation. The
measurements in the shaft sump were used to determine total flow into



the shaft from all ground-water sources penetrated. Periodic
measurements to determine water level rise with respect to a known
point at the top of phe sump were obtained during test intervals
ranging from about 1.5 to 90 hours. The data obtained from these
measurements were used to talcu]ate approximate ground-water flow rates
into the shaft ranging from 0.3 to 0.9 gallons per minute (gpm). The
average flow rate was determined to be about 0.6 gpm.

An attempt to measure ground-water inflow from the rock strata above
the Salado formation was only partially successful. A collection
system to retain ground-water inflow was constructed at the base of the
Rustler formation by placing plastic sheeting across the shaft and
attaching it to the wall. The quantity of water collected in the
sheeting and drained into a graduated container was calculated to
accumulate at a rate of approximately 0.3 to 0.4 gpm from all sources
above the Salado formation. . ’

No direct inflow from the Magenta or Culebra dolomite members or at the
Rustler/Salado formation contact was measured. The Magenta dolomite
did not exhibit measurable flow. Ground water from this member
resulted in the wetting of the wall below the dolomite for a distance
of about 20 feet. Below this distance the shaft wall was essentially
dry. Therefore, it was concluded that the Magenta was making no
contribution to the collection system at the base of the Rustler
formation. Visual inspection of the Rustler/Salado formation contact,
and shaft wall conditions immediately above and below this contact,
suggested that the zone was making little, if any, contribution to the
water accumulating in the sump. Based on these results, it was
concluded that the Culebra dolomite member was contributing the
majority of ground water reaching the SPDV ventilation shaft sump.

The 6-foot diameter SPDV ventilation shaft was later enlarged to become
the waste shaft for the WIPP facility. Of the three formations
observed during geologic mapping activities in the enlarged shaft, only
the Magenta and Culebra dolomite members of the Rustler formation were
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obvious fluid-bearing zones. The Magenta exhibited only a few weeps
and generally produced very 1ittle water. The entire Culebra section,
however, was wet, but no obvious local concentrations of water inflow
were observed. Wherever a ledge was present, a steady dripping of
water occurred. The Rustler/Salado formation contact, often considered
a fluid-producing zone, did not contain any observable fluid except for

some dampness around rock bolts.

After the waste shaft liner was constructed, ground water was observed
seeping through cracks and construction joints in it. These
observations are discussed in Chapter 8, subsection 8.3.1.1.

6.2.3.4 Exhaust Shaft

A water inflow measurement of approximately 0.4 gpm into the 7 7/8-inch

diameter pilot hole for the exhaust shaft was taken on December 1,

1983. On December 21, 1983, a water inflow of 0.47 gpm was measured

after the pilot hole was enlarged to 11 inches in diameter.

After the shaft was excavated to its finished dimensions, water inflow
through cracks and construction joints in the 1liner was measured.
Measurement was made from the 2-inch drainpipe that connects the three
water collection rings in the shaft. The measured flow was 0.35 gpm in
January 1985. A grouting program, coﬁducted in June and July 1985
within the 1lined section of the shaft, reduced this inflow to a

non-measurable quantity.

6.2.3.5 Drifts and Test Rooms

Small amounts of gas under pressure have been encountered by some
underground boreholes and at the working face of underground horizontal
excavations. Brine is observed to weep locally from walls and into
some boreholes. The brine occurrences are visible during or
immediately after excavation or drilling and remain moist or produce
fluid for a period of from several weeks to more than 3 years. The
formation of salt blisters on walls and salt straws and precipitate at
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hole collars are common. Salt incrustations forming on the roof are
being monitored at three 1locations: W30/51600, E140/52190 and
E140/52740.

The gas occurrences encounterd by boreholes are indicated on the
geologic drill logs. Pressure transient testing and gas sampling were
performed in several holes in the roof and floor of the facility as
reported in reference 4-11. Only two occurrences of gas at the working
face were documented prior to the end of December 1985. In both cases,
degassing could be heard at the face for short periods of time. '

The locations of major weeps occurring on walls that were geologically
mapped are indicated on the maps and a discussion of their occurrence
and structure 1is presented in reference 4-10. Sampling of brine from
weeps for chemical analysis is currently being conducted. A
preliminary inventory of brine occurrences at acéessib1e locations is
presented in reference 4-15.

The flow of gas from monitored holes has been low and erratic. It
appears to be associated with clay seams or a result of fracture
permeability 1in anhydrite beds. The spatial distribution of brine
occurrences is also undefined. Although very few weeps have been
observed on the roof surface, boreholes in the roof sometimes weep
brine. The amount and duration of flow from boreholes and wall areas
varies considerably. Based on observations made during preliminary gas
testing, the brine appears to be associated primarily with anhydrite
beds and their underlying clay seams. However, brine can also weep
directly from halitic units, as observed on the walls and roof of
drifts and in the drum durability test pit in Room J.

Two program plans have been developed to investigate gas and brine
occurrences 1in the WIPP underground facility. The programs will
investigate the origin, migration, volume and composition of the
occurrences. Work on the Brine Testing Program (BTP) 1is presently
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being conducted and will continue through 1987. The Gas Testing
Program (GTP) is also currently in progress.

As part of the BTP, 36 accessible boreholes containing brine have been
monitored. These holes 1include the shallow holes for the Material
Interface-Interactions Test (MIIT) in Room J, inclinometer holes in
Test Rooms 1 and 2 (51X-16-00201 and 51X-16-00202), an abandoned
stressmeter hole (51X-NG-00252) in Test Room 2, hole L1-X00 in Room L1,
nine stratigraphic core holes in Room G (DH-35 through DH-42A), and
eight stratigraphic core holes in experimental Rooms Al, A2, A3 and B
(A1X01, A1X02, A2X01, A2X02, A3X01, A3x02, BX01 and BX02). The static
level of any brine in the holes is measured and recorded on a regular
basis. The brine is then evacuated from the hole and its volume

measured.

The BTP monitoring of brine occurrences in the MIIT holes in Room J was
suspended at the end of ‘April 1985 due to interference with
experimental activities in the room. Monitoring of the remainder of
the boreholes listed above continues. As new monitoring locations for
the BTP are identified, they will be added to the program.

An 1inventory of all boreholes drilled in the underground facility has
been assembled. Data contained in the inventory include hole location,
diameter, depth, present status, drilling fluid used, and any
observations on the occurrence of gas or brine. Over 1400 holes are
presently listed, most of which contain geomechanical instruments or
are otherwise inaccessible. The list will be used to locate accessible
boreholes that may be suitable for use in the gas and brine testing

programs.

6.3 DESCRIPTION OF FACILITY GEGLOGY

6.3.1 Stratigrqphy

The stratigraphy within the WIPP underground facility horizon has been
determined through vertical core hole drilling and geologic mapping of
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the excavation walls. A description of the generalized stratigraphy
and evidence for stratigraphic continuity is presented in the following
subsections. Figures showing the stratigraphy within the WIPP
underground facility horizon are presented in Appendix B. '

6.3.1.1 Generalized Stratigraphy

The WIPP underground facility horizon conéists primarily of halite
containing varying amounts of polyhalite and clay. This halite is
interrupted by 5 anhydrite beds, 12 clay seams and 6 argillaceous
layers. Fiqgure 6-2 contains a generalized stratigraphic column showing
the relationship of these materials. Detailed descriptions of the
individual units (except clay seams) are presented “in Table 6-3.
Figure 6-3 shows the individual clay seams and their descriptions.

Becaqse of the difference in the behavior of halite and anhydrite, the
five anhydrite béds represent significant boundaries above and below
the horizontal underground openings. Three of the beds, abouth 1 1/2
to 12 inches thick, occur approximately 7, 14 and 35 feet above the
roof of the storage level drifts and rooms. The remaining two beds
occur beneath the floor of the drifts and rooms. The most significant
of these two beds is MB-139 which occurs approximately 3 1/2 to 4 1/2
feet below the floor of the storage level and varies from 2.5 to 4 feet
in thickness. The remaining. bed occurs about 32 feet below the storage
level and is approximately 4 inches thick. Thin clay seams underlie
all of the anhydrite beds.

Fifteen 1ithologic units have been identified during geologic mapping
within the facility level drifts, rooms and waste experimental area.
The majority of these units are halite containing varying amounts of
polyhalite and argillaceous material, usually less than 2 percent. The
remaining units consist of 2 anhydrite beds, 2 argillaceious halite
units and 1 polyhalitic halite unit. Each of the 15 mapped units has
been assigned a numerical designation as shown on Figure 6-2 and
contained in Table 6-3.
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Table 6-3

DESCRIPTION OF GENERALIZED STRATIGRAPHY

Page 1 of 3

Approximate

Distance From
- Clay G (Ft)

Stratigraphic Unit

*
Description

55.2 to

46.5 to

42.8 to

38.0 to

34.0 to

30.1 to

29.4 to

25.0 to

23.0 to

21.0 to

16.7 to

15.8 to

11.5 to

57.3

85.2

46.5

42.8

38.0

34.0

30.1

29.4

25.0

23.0
21.0

16.7

15.8

Argillaceous halite

Halite

Palyhalitic halite

Argillaceous halite

Halite

Halite

Anhydrite (MB-138)

Argillaceous halite

Halite

Argillaceous halite
Halite {Map Unit 15)

Halite (Map Unit 14)

Halite (Map Unit 13)

Clear to moderate brown, medium to coarsely crystalline.

<1 to 3% brown clay. Intercrystalline and discontinuous

breaks.,  In one core hole, consists of a 1 in. thick clay
seam. Unit can vary up to 4 ft thickness. Contact with

lower unit is gradational.

Clear to moderate reddish orange and moderate brown,
coarsely crystaliine, some medium. <i% brown clay, locally
argillaceous (clays M-1 and M-2). Scattered anhydrite
stringers locally. -

Clear to moderate reddish orange, some moderate brown,
coarsely crystalline. <1 to 3% polyhalite. None to 1%
brown and some gray clay. Scattered anhydrite locally.
Contact with unit below is fairly sharp.

Clear to moderate brown, medium to coarsely crystalline,
some fine. <1 to 5% brown clay. Locally contains 10%
clay. Intercrystalline and scattered breaks. Locally
contains partings and seams. Contact with lower unit is
gradational based on increased clay content. Average range
of unit is 38,0 to 42.8 ft above clay G but does vary from
33.8 to 46 ft.

Clear to moderate brown, some moderate reddish brown,
coarsely crystalline, some fine and medium. <1% brown
clay, trace gray clay locally. Scattered breaks. Locally
argillaceous. <1% polyhalite. Contact with unit below is
gradational based on clay and polyhalite content.

Clear to moderate reddish orange, coarsely crystalline. <1
to 3% polyhalite. Commonly polyhalitic. Scattered
anhydrite stringers with anhydrite layers up to 1/Z in.
thick locally. Scattered brown clay locally. Contact with
MB-138 below is sharp. ;

Light to medium gray, microcrystalline. Partly laminated.
Scattered halite growths. Clays seam K found at base of
unit.

Clear to moderate brown, some 1ight moderate reddish
orange. Medium to coarsely crystalline. <1 to 3% brown
clay, some gray. Locally up to 5% clay. Clay is
intercrystalline with scattered breaks and partings
present. < 1/¢% dispersed polyhalite. Contact with lower
unit is gradational based on clay content. Upper contact
is sharp with clay K.

Clear, some 1ight moderate brown, coarsely crystalline.
<1/2% brown clay. Contact with clay J below varies from
sharp to gradational depending if ¢lay J is a distinct seam
or merely an argillaceous zone.

Usually consists of scattered breaks or argillaceous zone
containing <1 to 3% brown clay. In C & SH shaft, it is a
1/2 in, thick brown clay seam.

Clear, coarsely crystalline, scattered medium, None to <1%
dispersed polyhalite and brown clay. Scattered anhydrite.
Lower contact is sharp with clay I.

Clear to grayish orange-pink, coarsely crystalline, some
medium. <1/2% dispersed polyhalite. Scattered
discontinuous gray clay stringers. Clay I is along upper
contact. Contact with lower unit is diffuse.

Clear to moderate reddish orange and moderate brown, medium
to coarsely crystalline, some fine. <1% brown clay,
locally up to 3%. Trace of gray clay. Scattered
discontinuous breaks. <1% dispersed polyhalite and
polyhalite blebs. Contact with unit below is gradational
based on clay and polyhalite content.
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Table 6-3 (continued)

DESCRIPTION OF GENERALIZED STRATIGRAPHY

Page 2 of 3

Approximate
Distance From
Clay G (Ft)

Stratigraphic Unit

*
Description

7.5 to 11.5

6.8 to 7.5

5.5 to 6.8

0.2 to 5.5

0.0 to 0.2

0.0 to

-2.2 to -7.0

-7.0 to -9.0

-9.0 to -11 4

-11.4 to -13.7

-13.7 to -14.0

-14.0 to -14.5

-14.5 to -22.0

Polyhalitic halite
(Map Unit 12)

Anhydrite "a"
(Map Unit 11)

Halite (Map Unit 10)

Halite (Map Unit 9)

Anhydrite "b"
{Map Unit 8)

Halite (Map Unit 7)

Halite (Map Unit 6)

Halite (Map Unit 5)

Argillaceous halite
(Map Unit 4)

Halite (Map Unit 3)

Argillaceous halite
(Map Unit 2)

Halite (Map Unit 1)

Halite (Map Unit 0)

Clear to moderate reddish orange, coarsely crystalline.

<1 to 3% dispersed polyhalite and polyhalite blebs.
Scattered anhydrite stringers. Contact is sharp with unit
below.

Light to medium gray, 1ight brownish gray and sometimes
1ight moderate reddish orange. Microcrystalline. Halite
growths within, Partly laminated. Clear, coarsely
crystalline halite layer, up to 2 in. wide, found within
exposures in waste experimental area. Thin gray clay seam
H at base of unit.

Clear to moderate reddish orange/brown, fine to coarsely
crystalline. <1% brown and/or gray clay and dispersed
polyhalite. DTscontinuous clay stringers locally. Contact
with lower unit is diffuse based on crystal size and
varying amounts of clay and polyhalite.

Clear to 1ight moderately reddish orange, coarsely
crystaliine, some medium. None to <1% polyhalite. Trace
of gray clay locally. Scattered anhydrite stringers.
Contact with unit below is sharp.

Light to medium gray, microcrystalline anhydrite.
Scattered halite growths. Thin gray clay seam G at base of
unit.

Clean to light/medium gray, some moderate reddish
orange/brown. Coarsely crystalline, some fine and medium.
<1 brown and gray clay. Locally up to 2% clay. <1%
dispersed polyhalite. Upper contact is sharp with clay G.
Contact with lower unit is gradational.

Clear, some moderate reddish orange, coarsely crystalline,
some fine to medium locally. <1/2% gray clay and
polyhalite. Contact with lower unit gradational and/or
diffuse. '

®

Clear coarsely crystalline. <1/2% gray clay. Contact with

lower unit is usually sharp with clay F.

Clear to moderate brown and moderate reddish brown, coarsely
crystalline. <1% polyhalite. <1 to 5% argillaceous

_ material; predominantly brown, some gray, locally.

Intercrystalline and discontinuous breaks and partings
common in upper part of unit. Decreasing argillaceous
content downward. Contact with lower unit is gradational.

Clear to moderate reddish orange, coarsely crystalline.
<1% dispersed polyhalite and polyhalite blebs. Locally
polyhalitic. Scattered gray clay locally. Contact with
lower unit is sharp.

Moderate reddish brown to medium gray, medium to coarsely
crystalline. <1 to 3% argillaceous material. Contact with:
lower unit is usually sharp.

Light reddish orange to moderate reddish orange, medium to
coarsely crystalline. <1% dispersed polyhalite. Contact
with lower unit is sharp.

Clear to moderate reddish orange/brown, moderate brown and
grayish brown. Medium to coarsely crystalline. <1 to 5%
argillaceous material. Predominantly brown, some gray,
intercrystalline argillaceous material and discontinuous
breaks and partings. Upper two feet of unit is
argillaceous halite decreasing in argillaceous material
content downward. None to<1% polyhalite. Contact with
lower unit is gradational based on polyhalite content.
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Table 6-3 (continued)

DESCRIPTION OF GENERALIZED STRATIGRAPHY
Page 3 of 3

Approximate

Distance From *

Clay 6 (Ft) Stratigraphic Unit Description

-22.0 to -25.3 Polyhalitic halite Clear to moderate reddish orange. Coarsely crystalline,
some medium locally. <1 to 3% polyhalite. Scattered
anhydrite. Scattered gray clay locally. Contact with
lower unit (MB-139) is sharp, but commonly irregular and
undulating. Trace of gray locally present along this
contact.

-25.3 to -28.1 Anhydrite (MB-139) Moderate reddish orange/brown to light and medium gray,
microcrystalline anhydrite. “Swallowtail" pattern,
consisting of halite growths within anhydrite, common in
upper part of unit. Locally, hairline, clay-filled,
low-angle fractures found in lower part of unit. Thin
halite layer common close to lower contact. Clay seam E
found at base of unit. Upper contact is irregular,
undulating and sometimes contains<1/16 in. gray clay.

-28.1 to -31.2 Halite Clear to moderate reddish orange, and light gray. Coarsely
crystalline, some fine and medium. <1% polyhalite and ’
intercrystalline gray clay. Contact with lower unit is
gradational based on increased polyhalite content.

-31.2 to -36.0 Polyhalitic halite Clear to moderate reddish orange, coarsely crystalline. <1
to 3% polyhalite. Contact with lower unit is usually sharp

along clay D.

-36.0 to -37.8 Halite Clear to moderate reddish orange, some light gray. Medium
to coarsely crystalline. <1% polyhalite and gray clay.
Contact with lower unit is gradational based on increased

polyhalite content.

-37.8 to -42.7 Polyhalitic halite Clear to moderate reddish orange/brown, coarsely
crystalline. <1 to 3% polyhalite. Trace of clay locally.
Scattered anhydrite locally. Contact with lower unit is
gradational, based on decreased polyhalite content.

-42,7 to -47.3 Halite Clear to moderate reddish orange, medium to coarsely
crystalline. < 1% dispersed polyhalite. <1% brown and/or
gray clay. Contact with Tower init is gradational and/or

diffuse.

-47.3 to -53.3 Polyhalitic halite Clear to moderate reddish orange. Coarsely crystalline
with some medium sometimes present- close to lower contact.
<1 to 3% polyhalite. Scattered anhydrite especially common
close to anhydrite "c¢". Lower contact is sharp with

anhydrite "c".

-53.3 to -53.5 Anhydrite "c" Light to medium gray, microcrystalline anhydrite.
' Scattered halite growths. Faintly laminated locally. Clay
seam B found at base of unit.

-53.5 to -65.7 Halite Clear to medium gray and moderate brown. Medium to
: coarsely crystalline, some fine locally. <1% polyhalite,
locally polyhalitic. <1 to 3% clay, both brown and gray.
Intercrystalline clay with discontinuous breaks and
partings. Zones of argillaceous halite found within unit.
Seams of clay mixed with halite crystals present locally.
Upper contact of this unit is sharp with clay B.

* Descriptions are based on examination of drill core and exposures of units in shafts and other
underground openings.
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Map units 1 through 6 occur within the storage level drifts and rooms.
Unit 1 is a distinct, relatively thin, orange-colored unit commonly
referred to as the "orange marker bed". This wunit is continuous
throughout the facility level excavations. During excavation, it was
used as a marker to help Kkeep the underground openings within the
proper stratigraphy. The descriptions for map units 7 through 15
represent the 1ithology most frequently encountered in the drifts and
rooms in the waste expefimenta] area. Minor variations in these
1ithologies occur at various locations but they are not of sufficient
difference to justify their inclusion in the generalized descriptions.

6.3.1.2 Stratigraphic Continuity

The results of geologic mapping and core hole drilling 1in the
underground facility have confirmed the lateral extent and
stratigraphic continuity of the geologic units within the underground
facility horizon. Strata exposed in the drifts have been traced
continuously for 4,500 feet in an east-west direction and more than
5,000 feet in a north-south direction. North-south and east-west
correlations between the vertical core holes have also demonstrated the
continuity of the stratigraphic units above and below the facility
level. Figures B-4 through B-9 1in Appendix B show the correlations of
stratigraphic horizons that have been made based on core hole data.
These figures also demonstrate the slight southern dip of the units.
Figure B-5 shows a slight thinning of units to the south by about 5
percent. Figures B-1 and B-2 show a Jlarger correlation of
stratigraphic horizons between boreholes WIPP-12 to the north and DOE-]
to the south. The five anhydrite beds shown on Figure 6-2 are
laterally continuous across the WIPP site.

Although the general character of each stratigraphic unit remains
constant throughout the underground facility horizon, minor variations
occur. Some thin clay seams are discontinuous and some halite units

thin locally or pinch out. The disruptions of some of these units are
localized phenomena thought to result from syndepositional processes.
Both lateral and vertical variations in the argillaceous and polyhalite
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NOTES:

l. DISTANCES ARE MEASURED FROM CLAY G AND ARE AVERAGED FROM
REPRESENTATIVE CORE HOLE LOGS AND SHAFT MAPPING.

2, DESCRIPTIONS OF CLAY SEAMS ARE BASED ON CORE HOLE DATA,
SHAFT MAPPING AND VISUAL INSPECTION OF EXPOSURES IN UNDERGROUND

DRIFTS AND ROOMS. Figure 6-3

3. ONLY CLAY SEAMS ARE SHOWN ON THIS FIGURE. ALL OTHER UNITS
ARE SHOWN ON FIGURE 6-2 AND DESCRIBED IN TABLE 6-3. CLAY SEAMS
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‘content of the halite units are common. The size of halite cEysta]s

varies from fine to coarse both Tlaterally and vertically within
inidvidual units. Although the anhydrite is microcrystalline, the beds
vary lateraliy 1in color, thickness and polyhalite or halite content.
The upper surface of MB-139 1is undulatory with amplitudes of up to 12

inches.

The halite around the underground openings exhibits slightly varied
behavior in response to excavation at different locations. This may be
due to minor variations in crystal size or clay content. The clear
halite in the roof of the E140 drift south of the waste shaft exhibits
more spalling than is apparent in similar halite in other areas of the
underground openings. Spalling along the upper portion of map unit 4
occurs in many of the facility 1level drifts and rooms. In the
locations where this unit contains abundant argillaceous material, the
spalling appears to be more pronounced. This behavior is discussed in
Chapters 10 and 11. '

6.3.1.3 Reference Stratigraphy

A meeting was held on November 15, 1979, to determine a reference
stratigraphy for the WIPP site. This was titled the "November '79
Reference Stratigraphy" and was based on data obtained from exploratory
boreholes. The purpose of the reference stratigraphy was to provide
input data for thermal/structural anpalyses of shafts, drifts and rooms
at the WIPP that could be referenced by all structural analysts and
updated as more data became avai1éb1e.

The "November '79 Reference Stratigraphy" was revised in July 1981 and
again in September 1983 as more data were collected from construction
activities and underground core holes. The 1983 revision was titled
“September '83 Reference Stratigraphy". This revision was based on the
evaluation of 39 core hole logs and the geologic mapping performed in
the SPOV exploratory and ventilation shafts.
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The evaluation determined that the strata are fairly horizontal but dip
slightly to the south. Based on a statistical analysis, the entire
stratigraphic section was found to vary in elevation 1in a reqular
manner, but individual unit thicknesses and the relative separation
between units were found’to have no statistically significant variation
between the northern and;southern 1imits of the underground facility
horizon (ref. 5-3).

Figure 6-4 shows the reference stiratigraphy developed by this
statistical analysis. This stratigraphy consists of 1 polyhalite bed,
2 argillaceous halite units, 7 anhydrite beds, 12 clay seams, and
halite as the remaining constituent. This reference stratigraphy
extends approximately 165 feet above and below the facility level. The
location and thickness of the various units were adjusted by averaging
values determined from the core holes. Geologic maps of the SPDV
exploratory and ventilation shafts and the 1og of borehole ERDA-9 were
used for units outside the WIPP underground facility horizon. The

uniformity of the rock in the core holes and shafts, the lack of a
' statistically significant variation in unit thicknesses and elevation,
and the expected small 1influence of any differences on structural
behavior resulted in a decision to use the same reference stratigraphy
throughout the site.

Subsequent to the development of the September 1983 reference

stratigraphy, additional core holes were drilled and Tlogged, the

ventilation shaft was enlarged to the waste shaft, the exhaust shaft
was completed, and both of these shafts were geologically mapped.
Based on additional data from these activities, a generalized
stratigraphic column of the underground facility horizon was developed
(Figure 6-2 and Table 6-3). This stratigraphic column does not vary
significantly from the earlier 1983 reference stratigraphy. Therefore,
the 1983 reference stratigraphy continued to be used for model
calculations.

6-32



ML

DISTANCE ABOVE
REFERENCE LEVEL
(F

173.46
&\Q MB-134

162.00

|p4.53 \& B3

92.85 CLAY M
44.55 —— CLAY L
o

y MB-138
30.05
25.50 =] CLAY K
22.00 CLAY J
14.00 CLAY |
1.58 ANHYDRITE ‘a’
6.90 CLAY H
0.60 CLAY &

EXPLANATION

HALITE

- ARGILLACEQUS HALITE

\ ANHYBRITE

Figure 6-4

REFERENCE STRATIGRAPHY

6-33

0.00

9.50
12.20

25.50
28.30

37.30

53.58
53.83

86.00

100.40

164.00

177.80

DISTANCE BELOW
REFERENCE LEVEL
FD

CLAY F

MB-139

CLAY E

CLAY D

——| ANHYDRITE 'c*

CLAY B

\\\\ MB-140

CLAY A

MB_'MI

POLYHALITE

CLAY SEAM



6.3.2 Lithology

The Salado formation is predominantly halite, but other evaporite
~minerals and argillaceous materials are present that may locally
compose hp to’ 50 percent of the sait. Anhydrite, an early-precipitated
evaporite mineral, is found in beds (usually less than 5 feet thick)
which are typically underlain by a clay seam (1/16 to 3/4 inch thick).
Polyhalite, a late-forming evaporite mineral, is commonly found as an
accessory mineral in the Salado formation. Clay and silt may be found
dissemipated through the halite or in thin seams, partings, or breaks.
Following is a description of the major lithologies occurring within
the underground facility horizon.

Clear Halite. These units consist of halite with only trace amounts of
impurities. The halite is predominantly medium to coarsely crystalline
and clear to very 1light gray or moderate reddish orange. Less
commonly, it occurs as finely crystalline, opaque, very 1light gray
halite with a sucrose texture. Trace impurities of clay and/or
polyhalite are generally dispersed in the halite. Scattered very light
gray to white anhydrite or magnesite stringers may be present.

Polyhalitic Halite. These units are composed mainly of medium to
coarsely crystalline halite with accessory amounts of polyhalite. As
the polyhalite content increases, the color of the rock changes from
transparent 1light orange-pink to translucent moderately reddish
orange/brown or dark reddish brown. The polyhalite occurs primarily as
interstitial blebs or patches and, less commonly, in stringers about
1/4 to 3/4 inch thick.

Argillaceous Ha]ife. Six argillaceous halite units, three above and

three below clay G, occur within the underground facility horizon.
Generally, these units consist of medium to coarsely crystalline and
some finely crystalline halite with from less than 1 to as much as 5

percent silty clay. The clay is predominantly brown in color with some-

gray. It is commonly intercrystalline or forms scattered breaks or
partings. Discontinuous clay seams are present locally. The percent
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of clay is a visual estimate; laboratory measurements of insolubles

(ref. 6-5) were used as a reference.

The contacts between these units and the surrounding materials vary
from gradational to distinct. Clays F, K and L occur at the upper
contact of three of these argillaceous units. The three units below
clay G are exposed in the underground drifts and rooms. These are
geologic map units 2 and 4 and the upper portion of map unit 0 (Figure
6-2). They are exposed continuously throughout the openings except in
the waste experimental area which is stratigraphically higher. Map
unit 2 is very thin and absent in places.

No significant moisture is associated with these argillaceous halite
layers. Commonly, they are slightly moist immediately after excavation
and locally develop brine blisters on the walls of the underground

openings.

Anhydrite. These beds range in thickness from a few inches to a few
feet. Because they are readily identified, the anhydrite beds in the
vicinity of the facility level have served as reference units.

Three anhydrite beds, 0.15 to 1.05 feet thick, are present above and
two beds, 0.3 and 2.5 to 4 feet thick, are present-below the facility
level (Figure 6-2). A1l of the beds are laterally continuous and each
is underlain by a thin clay seam. Localiy, very thin anhydrite seams
are associated with 1identified clay seams and scattered anhydrite
stringers are common in several of the halite units. The anhydrite is
microcrystalline and commonly ranges from a very light gray to medium
gray-green color, although it is sometimes & moderate reddish to
pinkish color. Halite growths are common, especially within MB-139.
Anhydrite “a" commonly contains a clear halite seam up to 1 1/2 inches

thick.

MB-139 1is the thickest anhydrite unit within the underground facility
horizon and 1is the most variable in color and composition. It is
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described here in detai] because of its importance in the deformational

behavior of the underground openings, particularly the test rooms
(Chapter 11).

'MB-139 ranges from 2.5 to 4 feet thick. For mapping purposes, it has
been divided into two subunits (Appendix G, Figures G-10 through
G-34). Subunit A corresponds to Zones I, II and III described in
reference 6-6. This subunit consists predominantly of reddish
polyhalitic anhydrite and anhydrite mixed with light to medium gray
anhydrite. Pods, lenses and seams of 1light to very 1light gray
anhydrite are commonly scattered throughout the subunit. Irreqular
halite growths, ranging from less than 1/16 to more than 25 square
inches, are common, especially in the upper half of subunit A.
Commonly, a 1- to 2-inch fhick seam of moderately reddish-orange to
gray polyhalitic anhydrite with scattered halite and polyhalitic halite
growths occurs along the upper contact. This corresponds to Zone I
described in reference 6-6. Swallowtail growth patterns and hopper
crystals are occasionally present in the upper 12 inches of subunit A,
commonly within an upward undulation of the marker bed. Halite-filled
fractures are found in places within the undulations. Scattered within
the reddish polyhalitic anhydrite 1is an 1irreqular and sometimes
discontinuous layering of 1light gray anhydrite, which varies from less
than 1/8 inch to 1/2 inch thick. Pods and lenses of gray anhydrite are
often faintly aligned, although discontinuously, with the general trend
of the layering. These pods and lenses are most prevalent in the lower
half of subunit A.

Subunit B corresponds to Zones IV and V in reference 6-6. Its contact
with subunit A is diffuse and based mainly on a change in color.
Subunit B consists of 1ight to medium gray anhydrite. Some core
samples exhibit layering which faintly follows the general trend of the
layering 1in subunit A. Halite growths are present, but to a much
lesser degree than in subunit A. Usually the lower 4 to 8 inches of
the subunit is faintly laminated and contains a few halite growths. A
subhorizontal halite layer, wusually less than 1/8 inch thick, is
occassionally present close to the lower contact.
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The wupper contact of MB-139 1is undulatory. The Tlower contact is
underlain by clay E. This clay ranges from 1/4 inch to 1 1/2 inches
thick. It is often slightly moist and sometimes wet.

Clay Seams. Characteristics of the clay seams within the underground
facility horizon are shown on Figure 6-3 and summarized in Table 6-4.
These 1include qualitative and/or quantitative characterizations and
descriptions of the clay seams in terms of the following:

(1) color;

(2) thickness;

(3) moisture;

(4) grain size;

(5) consistency/plasticity;
(6) planar trend; and

(7) continuity/uniformity.

This information has been gathered through a review of core hole logs,
geologic mapping and inspection of existing exposures.

The clay seams underlying anhydrite beds usually vary from less than
1/8 inch to 3/4 inch 1in thickness but may range up to 1 1/2 inches
thick, as is common for clay E. The other, less continuous seams are
usually less than 3/4 inch thick but may be as much as 2 inches thick,
as 1s clay L in the C & SH shaft. Clay M-1 was as much as 3 1/2
inches thick 1in one hole but it consisted of a mixture of clay and

halite crystals at this location.

Generally, the seams consist of clay with some silt. The clay varies
from gray to brown in color. Only field classifications of the clay in
core and underground exposures have been performed. These

'class1f1cat1ons indicate that the seams generally consist of soft to

hard, medium plastic material. Locally, fine to coarse halite crystals
are present in some of the seams. Clays F and M-1 commonly contain
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Table 6-4

CLAY SEAM CHARACTERISTICS

Page 1 of 3
(n Consistency/ Planar Continuity/
Seam  Rating Color Thickness Moisture Grain Size Plasticity Trend Uniformity . Occurrence

B 1 Gray <1/8 to 1/4 in.  Dry to slightly Passes #200 Generally hard. Slightly irre- Continuous. ‘Present in

average; locally moist. sieve. gular; generally core holes
up to 1 1/4 in. low angle in core and C & SH and
but locaily up waste shaft
to 35°. mapping.
D 2 Gray <3/4 in. Ory except hole Passes #200 Hara to medium Near herizontal Varies from Present in many
- 00-57 where clay sieve. soft; medium to in core. zone of breaks core holes and
is moist; hole highly plastic. to seam with in C & SH shaft
drilled with associated mapping
. fluid. anhydrite.
E 1 Gray 1/4 to 1 1/2 in. Locally moist Passes #200 Soft to hard; - Continuous. Present in many
to wet. sieve. medium plastic core holes and
in C & SH and
waste shaft
mapping.

F 2 Gray, sometimes <1/8 to 1/2 in. Slight. Passes #20U Slightly Very irregular; This is at the Exposed along

brown, i sieve., Commonly plastic. undulations upper contact walls.of many
mixed with halite of 2-in. to of map unit 4; of the facility
crystals. §-in. amplitude. locally discon- level drifts
tinuous; some- and rooms.
times bifurcates
into two seams.
G 1 Gray Trace up to 3/8 Slightly to Passes #200 Soft to hard; - Fairly regular; Continuous. Found in most
in. moderately sieve. medium plastic. undulations core holes,
moist; weeps average <2-in. shaft mapping
along exposures amplitude. and underground
in underground waste experi-
excavations. mental area
excavation.

H 1 Gray; brown Average <1/4 in. Slightly to Passes #200 Medium plastic. Fairly irregular; Continuous. Found in most
in several core but ranges from moderately sieve, undulations of core holes,
holes. trace up to moist. 1-in, to 3-in. shaft mapping

1/2 in. amplitude. and underground

waste experi-
mental area
excavation.

9,
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Table 6-4 (continued)

CLAY SEAM CHARACTERISTICS

. Page 2 of 3
m ~Consistency/ Planar Continuity/
Seam_ Rating Color Thickness Moisture Grain Size Plasticity Trend Uniformity Occurrence

i 1 Brown-brownish <1/4 to 5/8 in. Slightly moist. Passes #200 Hard in some Regular; undula- Fairly Conmonly
gray in core; sieve; some core holes; tions generally continuous. found in core
gray where scattered halite medium plastic. <1-in. amplitude. holes, C & SH
exposed in waste crystals locally. and exhaust
experimental shafts; also
rooms. exposed in

waste experi-
mental room
excavation.

fij 3 Reddish-brown 1/2 in. in -—- Passes #200 - -—- Generally found Found in C & SH

C & SH Shaft sieve; trace " as scattered shaft as 1/2
only. silt, trace to breaks or in. seam; not
some halite localized found in other
crystals, argillaceous shafts; in core
zone. holes, found
as scattered
breaks or
localized
argillaceous
zone; absent
in many core
holes.

K 1 Brown, sometimes 3/4 to 1 1/z in. Ury to moist; Passes #200 Hard to medium Generally low Continuous. - Present in many
gray to gray- locally wet. sieve; claystone hard; medium angle contact in core holes and
brown. in exhaust shaft. plastic. core; fairly shafts.

regular.

L 3 Brown Up to Z in. in - Passes #200

C & SH shaft;
usually found
only as top of
argillaceous
unit.

sieve; some
halite crystals.

Not a continuous
seam; it is
found generally
as the top of
argillaceous
zone throughout
core holes and
shafts.

Exposed in C &
SH shaft as
seam; other~
wise only

noted as top of
argillaceous
unit.
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Table 6-4 (continued)

CLAY SEAM CHARACTERISTICS

Page 3 of 3
) Consistency/ Planar Continuity/
Seam . Rating Color Thickness Moisture Grain Size Plasticity - Trend Uniformity Occurrence
M-1 4 Brown <1/16 to 1/2 in. Dry Passes #200 I ——- Unknawn. * . These two
sieve, layers found in
core holes in
M-2 4 Brown Up to 3 1/2in. Ury Clay mixed with --- - Unknown. waste experi-
halite crystals. mental area;

not noted in
shaft mapping.

Notes:

continuous throughout facility level;

generally continuous, but varies in character and regularity;
- discontinuous and not always well developed,

- continuity unknown.

(1) Key to ™Rating":

W -

{2) Clays B, E, G, H and K are sometimes noted as only a trace or not at all on core logs. This is usually because core grinding or washing during
. drilling removed evidence of clay.

{3) Some core logs note clay layers are moist. In holes drilled with brine, this may be due to drilling fluid. Hany layers are dry in holes drilled with
air. These may actually be slightly moist in the in situ state, but dried out by the drilling process. .

{4) Clays B, E, G, H and K always underly continuous anhydrite layers. Clays [ ana D are commonly associated with thin anhydrite layers.

(5) Plasticity and consistency based on evaluation of in situ condition.
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more halite mixed with the clay/silt fraction. Clay F also appeaEs to
be more silty and less plastic than the other seams.

Generally, the clay seams are slightly moist in their in situ state.
However, some of the seams are wet and exhibit some brine wéeping in
places. This was observed for clays E, G, H and K in some core holes.
The clay seams in some of the holes where brine was used as a drilling
fluid were observed to be moist. This was probably due in part to the
drilling fluid. In contrast, clay seams were observed to be dry in
many of the core holes drilled using air circuiation. It is expected
that, in the 1in situ state, these seams contain a slight amount of
moisture which was evaporated as a result of the drilling method. Some
moisture can be seen along exposures of clay H and clay G in the waste
experimental area. More moisture is evident along clay G and some salt
blisters have accumulated Tocally along this seam. The clay seams
exposed in the underground openings are generally slightly moist during
and immediately after excavation. Some seams have continued to expel
moisture long after excavation. Often, however, they dry out at the
surface within a few days after their exposure.

Clays G, H and I, exposed in the waste experimental area, commonly
contain white specks which may be salt resulting from the air drying of
the clay. The c¢lay usually has a slightly salty taste. These white
specks are soft, can be easily crushed between the fingers,'and have a

slightly bitter taste.

The consistency of the clay encountered in the core holes and
excavations is related to its moisture content. When wet or moist, the
clay is generally soft to medium stiff and can be picked out with the
fingers and molded into a ball in the hand. When the clay is only
slightly moist or dry, it is stiff to hard and is difficult to work in

the hand.
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6.3.3 Structure

Geologic mapping of the ‘underground openings has not identified any
faults, joints, significant folds, or other structural disruptions that
could affect the ' suitability of the WIPP facility for storing
radioactive waste. Very small scale (approximately 1 foot), localized
disruptions of the bedding have been encountered. These are attributed
to penecontemporaneous processes.

Detailed correlations between vertical core holes, combined with the
results of geologic mapping in the drifts and test rooms, indicate that
the strata within the underground facility horizon are deformed
slightly into a sinusoidal shape. Figure B-4 1in Appendix B depicts
this shape, but greatly exaggerates the amplitude of the deformation.
The amplitude of the fold is approximately 10 to 15 feet and its
wavelength is approximately 2,000 to 3,000 feet. The fold is
superimposed on a gentle southward dip.

The deformation of the strata is post-depositional in origin. While
undulations of depositional surfaces are common, all of the strata in
the interval from 50 feet above to 50 feet below the facility Tlevel
exhibit parallel undulations. This consistency in folding over a
relatively large interval containing numerous depositional sequences
suggests that the beds were deformed after deposition. -The folding is
~a minor feature which does not adversely affect the suitability of the
facility for waste storage.

6.4 PROPERTIES OF HOST ROCKS

As discussed in subsection 6.3.2; the underground facility horizon is
composed of halite containing beds of argillaceous halite, anhydrite,
polyhalite and thin clay seams. Laboratory tests were performed to
determine the constitutive equations and material property constants
for these host rocks (ref. 5-3). Subsections 6.4.1 and 6.4.2 present
the properties of the host rocks based on laboratory and in situ data.
In situ closure measurments were also used to "back calculate" the
creep parameters for halite.
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6.4.1 Laboratory Tests

Laboratory tests were performed on core samples from surface boreholes
at the WIPP site prior to the initiation of underground excavation
(ref. 5-3). Material property constants determined from the laboratory
tests are presented in Tables 6-5 through 6-~7. Table 6-5 shows the
elastic constants for halite, argillaceous halite, anhydrite and

polyhalite.

The failure criteria for both anhydrite and polyhalite were defined
based on the results of the laboratory tests. One such criterion is
Mohr-Coulomb, which defines failure in terms of friction and cohesion.
Failure means that the material is unable to hold a deviatoric stress
beyond a certain value. Once this value is reached, the material
starts yielding. However, the Mohr-Coulomb criterion ignores the
effect of intermediate principal stress on failure. In terms of
principal stresses at failure,

(o, - 61) = 290 cosf - (a3 + a]) sinB : (6-1)

3
where: eo and B8 are Mohr-Coulomb parameters; and

o and % are principal stresses that are positive in tension.

Because the process of yield must be independent. of- the choice of axes,

the failure criterion must be independent of the choice of axes and

should be expressed in terms of stress invariants. The Orucker-Prager
yield criterion is expressed as follows:

/.]2 =C - aJ] - (6-2)

where: /Jz' is the second stress invariant and is equal to o /5; and

J] is the first stress invariant:

J] =6 ta,ta (6-3)
G = 1 [(c] - 02)2 + (oz - 03)2 + (a3 - 01)211/2 (6-4)
/2
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Table 6-5

ELASTIC CONSTANTS DETERMINED FROM LABORATORY TESTS

E v
MATERIAL (ksf)

Halite _ 647,450. 0.25
Argillaceous halite 647,450 0.25
Anhydrite 1,568,500. 0.35
Polyhalite 1,155,000. 0.36
Note:

E = elastic modulus

v

Table 6-6

FAILURE CONSTANTS DETERMINED FROM LABORATORY TESTS

ULTIMATE YIELD
60 B - | c ) 60 B da c
MATERIAL (ksf) (9) (ksf) (ksf) (9) (ksf)
Anhydrite 627. 37.0 0.279 752. 564, 29.0 0.226 689.
Polyhalite  395. 51.0 0.395 414. 359. 46.5 0.361 403.

O
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Table 6-7
o CREEP CONSTANTS DETERMINED FROM LABORATORY TESTS

PRIMARY CONSTANTS SECONDARY CONSTANTS

A B e* D n 0
MATERIAL (sec—1) (ksf~4-9 sec™1) (kcal/mole)
Halite 4.56 127 5.39x10°8 4.96x10~13 4.9 12.0
Standard
Error 1.05x10-13 0.27 0.65
Argillaceous
Halite 4.56 127 5.39x1078 1.49x10-12 4.9 12.0
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For anhydrite, however, the u1timate strength decreases somewhat with
the change 1in strain rate. That is, a 10 percent decrease occurs as
the strain rate 1is decreased from 10°) sec| .to 107 sec™'.
For polyhalite, the ultimate strength is assumed to be indépendent of
the strain rate. Table 6-6 shows the failure constants for anhydrite

and polyhalite.

Table 6-7 shows the creep constants for halite and argillaceous
halite. Although the data for most individual creep tests are
internally consistent, steady-state creep rates obtained from different
specimens tested under the nominally same conditions may scatter by an
order of magnitude. Nevertheless, statistical analysis has resulted in
a "pbest fit" to the data. Table 6-7 also shows the deviation of the
secondary creep constants for halite. It was concluded that when such
large deviations or uncertainty exist, calculations using mean values
are apt to be meaningless and the design process requires considerable
judgement (ref. 6-7).

Based on laboratory tests, the failure criterion of halite can be
described using a failure function @, such that when ¢ becomes
positive, halite no Tlonger supports any deviatoric stress. The
function ¢ is assumed to be:

8 =c - 0.023 - f(p) ' (6-5)
where: ¢ is the effective creep strain (see Appendix C) and the
function f(p) is expressed as:

0.132 for p > 125.26 ksf
f(p) = (6-6)
p(a - bp) for p < 125.26 ksf

v

IA

where: p, the pressure in ksf, is expressed as
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p=- 1__2 3 (6-7)

and is positive in compression; and
a and b are  equal to 2.122x107° ksf™! and

8.487x10"° ksf'z, respectively (ref. 5-3).

Equation 6-5 indicates that if e > 0.023 + f(p) at any point in the
halite, yielding will be 1initiated at that point. For p greater than
120 ksf, the failure effective strain is about 0.16.

Laboratory test results have also shown that a clay seam will be active
for a frictional coefficient of 0.4, and that clay seam separation is
unlikely unless the seam is very near the opening.

The average unit weight of the salt within the reference stratigraphy
interval was determined to be 143.6 pounds per cubic foot (pcf) (ref.
5-3).

6.4.2 In Situ Data -

In situ data was gathered from geomechanical instruments at various
underground Tlocations. The creep law shown by equation C.4-1 1in
Appendix C was used to fit the in situ data and to determine the creep
parameters. The MARC General Purpose Finite Element Program (ref. 6-8)
was used for the numerical computation based on the theory discussed in
Appendix C. Table 6-8 shows the primary and secondary creep parameters
determined from test room in situ data. Chapter 11 presents a more
detailed discussion of the procedures used for computing these

parameters.

Secondary creep parameters were also computed using in sjtu data from
the C & SH shaft. The secondary creep parameters computed from
horizontal deformations in the C & SH shaft and in the test rooms are
reasonably close. The parameter based on test room wall-to-wall
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Table 6-8

CREEP PARAMETERS DETERMINED FROM IN SITU DATA

PRIMARY PARAMETERS

SECONDARY PARAMETER

C
(ksf~4.9 sec™1)

| A z
MATERIAL (sec™1)

Halite

Roof-to-Floor 1.774 5.573x10-8

Wall-to-Wall 1.618 4.757x10-8

2.588x10~21
1.361x10~2)
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closure i3 1.36x10°2) ksf ™% sec™! while the parameter based on
extensometer measurements in the C & SH shaft is
1.301072" kst ™% sec ™.

6.5 SURFACE SUBSIDENCE MONITORING

The design criteria state that subsidence due to underground excavation
shall not exceed 1 1inch within a 500-foot radius of the waste shaft.
The layout of the underground excavation and the extraction ratio
requirements were established to comply with this criteria. Subsidence
monuments have been installed on the ground surface above the shaft
pillar area (Chapter 2, Figure 2-2). Additional subsidence monuments
are scheduled to be installed above the storage area in mid-1986.
These monuments will be used to determine surface subsidence during the
25-year facility operating life.

Because the storage area has not yet been excavated, actual subsidence
cannot be measured. This subsidence will occur over the next 25
years. The calculations used for the reference design indicate that
subsidence is not 1likely to exceed the criteria limit. Therefore, the
reference design subsidence criteria is considered validated on a
computational basis rather than on actual measurement data. A review
of this conclusion may be required later when a history of actual
subsidence is -available. '
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CHAPTER 7
C & SH_SHAFT

7.1 INTRODUCTION

This chapter presents the results of the design validation program for
the C & SH shaft. Included are discussions of the design criteria,
design bases and design configurations pertaining to the C & SH
shaft. This is followed by information and data from the design
validation process 1including the data collected, 1its analysis and
evaluation, and predictions regarding future behavior of the shaft
liner and key and the rock strata surrounding the shaft. Conclusions
and recommendations are presented based on a comparison of the results
of the design validation process with the reference design.

7.2 DESIGN

This section presents the design criteria and design bases used to
develop the reference design for the C & SH shaft. The configuration
of the shaft is discussed in Chapter 3, subsection 3.3.1.

7.2.1 Design Criteria

The Design Criteria document (ref. 2-8) contains the general concepts
that were used as a guide for design of the WIPP underground openings.
Table 2-1 summarizes those design criteria elements that are to be
evaluated by the design validation process. The following discussion
provides a summary of the elements that pertain to validation of the
C & SH shaft reference design.

The design criteria specify that all shafts shall be designed for
structural stability over an operating life of 25 years. The design
shall also consider the requirements for shaft decommissioning and
sealing. Shaft design shall prevent wall deformations which would
interfere with shaft functions or affect the safety of operations
within the shafts. Rock support shall be used as required to limit
rock deformations and to prevent loosening and fallout of wall rock.



The time-dependent diametric closure of the shafts due to creep shall
be considered in their design. The shafts shall be designed so that
the minimum dimensions required for shaft functions are maintained
throughout the operating 1ife of the facility. Provisions for
instruments to measure closure shall be included in the design.

Ground-water flow 1into the shafts shall be controlled so that no
uncontrolled ground water reaches the facility level via the shafts.
Ground-water pressures and inflows shall be measured throughout the
construction period and operating life of the shaft.

Shaft design shall consider the requirements of decommissioning and
backfilling upon termination of operations. The design shall
accommodate the need to ultimately seal potential pathways between the
storage facility and the biosphere.

The shaft 1liner shall be designed to help ensure that the shaft
dimensions remain within the 71imits required for shaft functions,
prevent ground-water flow 1into the shaft, protect wall rock from
deterioration, and preclude the risk of rockfall from the shaft walls.

The shaft stations shall be designed to provide structurally stable

~ excavations and pillars. Deformations of excavations and pillars shall

remain within the limits required for structural functions, ventilation

and safety. The excavation design shall maintain the minimum
dimensions required for the operating 1life of the opening by
accommodating closure. Closure rates wused for design shall be

confirmed or modified by instrument observations in the excavations.
Rock bolts shall be used where necessary to provide support of the roof
and walls.

7.2.2 Design Bases

The Design Basis, Exgjdratory Shaft (ref. 2-10) and the Design Basis,

Exploratory Shaft Geomechanical Instrumentation (ref. 2-12) were the

primary documents used as a basis for design of the C & SH shaft.
These documents, described in Chapter 2, provided the detailed design
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requirements for the C & SH shaft. Table 7-1 summarizes those Qesign
basis elements which are to be evaluated by the design validation
process. The following discussion provides a summary of the major
design bases for the C & SH shaft. Not all of these bases require
evaluation as seen by comparing the discussion with Table 7-1.

The design bases specify that the C & SH shaft shall be designed to
provide access for personnel and equipment to excavate and operate the
underground facility and to providé a means by which the excavated salt
can be transported to the surface. It shall also serve as the
ventilation intake shaft.

The shaft liner shall be made of structural steel and have an inside
diameter of 10 feet. The remainder of the shaft shall be unlined and
have an approximate diameter of 11 feet 8 inches. The steel Tliner
shall extend from 1 foot above the ground surface to the top of the
salt formation at a depth of approximately 850 feet. The primary
materials used to line the shaft shall be cement grout, steel casing,
corrugated metal pipe, structural steel and reinforced concrete.

The liner shall protect against sloughing, fallout and deterioration of
the rock formations and shall prevent water seepage into the shaft. It
shall have a smooth inner surface to reduce air friction. The liner
shall be designed for temporary installation loads and permanent

- loads. The permanent load shall consist of a hydrostatic lateral

pressure starting 250 feet below the ground surface and extending to
approximately 837 feet below the surface. Rock pressure shall not be
used as a factor in the design analysis. Installation loads to be
considered shall be the compressive and tensile forces resulting from
lateral pressure due to unequal heights of drilling fluid during the
various stages of installation.

During shaft drilling, ground-water flow 1into the shaft shall be

determined. If the amount of ground water entering the shaft is
determined to be unacceptable by the DOE Contracting Officer, approved
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Table 7-1
VALIDATION ELEMENTS OF C & SH SHAFT DESIGN BASES

(1)

(2)

(3)

Shaft Liner

a. Hydrostatic pressure is considered to start 250 feet below the
ground surface and extend to the top of the key.

b. Water shall be prevented from flowing down the unlined shaft
from behind the 1liner.

Shaft Key

a. Key shall be designed to resist the lateral pressure from the
salt. (Assumed to be 75 percent of the overburden pressure.)

b. Key shall be designed to resist the hydrostatic pressure from
above the salt.

UnTined Section

Provide 11-foot 8-inch diameter to aliow for future salt creep
deformation.
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corrective action shall be taken to control the water inflow. The
basis for determining if the amount of ground water flowing into the
shaft is unacceptable shall be if the inflow exceeds an amount which
can be tolerated without appreciably altering the drilling fluid
characteristics as approved by the DOE Contracting Officer.

The shaft _key shall be constructed using reinforced concrete and will
serve as the transition element between the 1lined and the unlined
sections of the shaft. It shall retain the rock formation and shall be
provided with chemical water seals and a water collection ring with
drains to prevent water from flowing from behind the liner down the
unlined shaft. The key shall be designed to resist lateral pressure
generated by salt creep, rock and soil overburden, and by hydrostatic
pressure from above the salt. The design lateral pressure was selected
as 715 percent of the overburden pressure based on the configuration of
mine shafts in the vicinity of the WIPP. These shafts generally have a
concrete liner that is thinner and that extends to a greater depth than
the shaft key at the WIPP. Most of these shafts are at least 25 years
old and show no significant deterioration or structural instability.

No liner or wire mesh is planned for the section of the shaft in the
Salado formation. However, if field conditions require, rock bolts and
wire mesh may be instailed -in zones of -fractured salt.

The shaft station excavation shall be the minimum required to meet the
operational and safety requirements in the shaft pillar area of the
waste storage Tlevel. Supports of underground workings shall comply
with Federal and New Mexico codes. The use of rock bolts and wire mesh
in specific areas shall be determined by excavation conditions and code
requirements. The roof, walls and floor shall be checked periodically

for loose salt in accordance with applicable codes.
The bottom of the shaft shall extend below the facility 1level to

accommodate the salt handling equipment and a sump to collect water
that might enter the shaft. Should the stratigraphy of the facility
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level be unsuitable for waste storage, the shaft bottom may be lowered
to reach a more suitable stratigraphy.

Geomechanical instruments shall be provided to measure radial
convergence (closure) of the shaft, water pressure behind the Tiner,
salt creep, forces on the concrete key, and the variation of 1load on
rock bolts. The type of dinstruments installed shall be strain gauges,
pressure cells, piezometers, stressmeters, extensometers, load cells
and radial convergence points.

The shaft 1iner, key, unlined section and furnishings shall be
inspected at approximately 1 month intervals, or lesser intervals as
required, to detect cracking, corrosion, deterioration and water
intrusion.

7.3 DESIGN VALIDATION PROCESS

The design validation process for the C & SH shaft consists of data
collection, analysis and evaluation, and predictions of future
behavior. The following discussions of each of these activities have

been divided into four sections: the lined section of the shaft; the

shaft key; the unlined section; and the shaft station. This division
is based on the different in situ and design conditions in each of
these areas.

7.3.1 Data Collection

Data collection 1in the C & SH shaft bhas consisted of geologic
mapping, visual inspections and geomechanical instrument measurements.
The results of shaft mapping have been discussed in Chapter 6. Field
observations and the geomechanical instrumentation program are
discussed in the following subsections. .

7.3.1.1 Lined Section

Field Observations. The C & SH shaft has been inspected on a regular

basis since its construction. During the facility level construction
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phase, the mining contractors conducted weekly shaft dinspections for
safety and shaft maintenance. These weekly inspections are being
continued by the facility operator.

Site geologists inspect the shaft at approximately 6-month intervals.
These inspections provide geotechnical evaluations of the condition of
the shaft, and of instrument .conditions and their performance. Shaft
inspections were performed on the following dates: August 29, October
1, October 5, October 22, November 19 and December 3, 1983; June 2,
June 21, Oﬁtober 13 and November 12, 1984; and April 9 and December 9,
1985. The results of these inspections are presented in the GFDRs.

Geomechanical Instrumentation. Nine sets of radial convergence points
were installed in the C & SH shaft between July 7 and 17, 1982. Two
additional sets were installed on October 8, 1982. Five of these 11
sets were installed in the lined section of the shaft (Figure 7-1).
Plots of the convergence point data from the 1lined section are
presentéd in Appendix J, Figures J-205 through J-209. '

Ten piezometers were installed in the 1lined section of the C & SH
shaft above the shaft key between July 10 and 17, 1982 (Figure 7-1).
Two piezometers each are at elevations of 2830, 2790, 2719, 2684 and
2608 feet. All of these piezometers are-in the Rustler formation. The
piezometers at elevations of 2790 and 2684 feet are in the
water-bearing dolomite members, the Magenta and Culebra, respectively.
Graphic plots of piezometer data are presented in Appendix J, Figures
J-34 through J-44. The piezometers are dual-component instruments
containing a vibrating-wire gauge and a pneumatic gauge. The
vibrating-wire gauge 1is the principal instrument used to measure water
pressure. The pneumatic gauge is wused for initial calibration and
periodic performance <checks on the vibrating-wire units. The
vibrating-wire piezometers were connected to the datalogger on
October 30, 1982. The pneumatic units can only be read manually at the
instrument location; however, most of the pneumatic units are no longer

functioning.
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The shaft instrumentation has had a history of damage. Convergence
points and especially piezometers are susceptible to damage from
falling objects and construction activities. Damage in the 1lined
section of the shaft has generally consisted of sheared data cables,
sheared or bent convergence points, broken junction boxes and water

damage.

Water intrusion has been a major problem with most of the shaft
instruments and control systems. One water source has been the holes
drilled into the steel liner for piezometer installation. The bushing
in the liner through which the piezometer was installed did not have
tapered threads, making it difficult to seal the hole in the 1liner.
Leakage through these holes has generally occurred at some time 1in
their history. It was espectally difficult to effect a seal when a
piezometer was reinstalled after being repaired due to other damage.

Water trickling down the liner from around these bushings has sometimes
entered damaged fiberglass junction boxes and terminal boxes through
cracks. Water has also seeped into the conduit connecting piezometers
with the nearest junction box. This water has corroded terminal blocks
and seeped down cables connecting lower terminal boxes.

A second water source has been rainfall. During periods of heavy rain,
water runs down the shaft along the surface of the liner. This water
can enter terminal boxes broken by impact or construction activities.
Once in the boxes, it causes corrosion and cable damage.

A great deal of effort has been exerted correcting these problems.
Shields were placed over boxes, cables were replaced and rerouted, and
piezometers were vrepaired and sealed as well as possible. These
measures improved performance somewhat, but problems still exist. The
data acquired from the instruments is considered valid, but must be
interpreted in 1light of the various interruptions in data monitoring.
The specific details of instrument damage are updated in every GFDR,
particularly in the tables of operating histories.



7.3.1.2 Shaft Key

Field Observations. The shaft inspections conducted on October 1 and
November 19, 1983, June 2 and October 13, 1984, and April 3 and
December 9, 1985, paid particular attention to the shaft key. The
design of the key provides a means to determine if any water from the
water-bearing zones in the Rustler formation is flowing behind the
key. This situation, if it existed, could cause dissolution of the
salt around the key resulting in eventual structural instability.

During inspection of the shaft key, the condition of four telltale
drains that connect to a French drain behind the key is observed. Any
moisture in the drains is noted. Similarly, other capped pipes (those
for possible future injection of grout and those originally used for
chemical seal injection) are checked for accumulated water. The
interface between the salt and the bottom of the key receives
particular attention.

The latest geotechnical 1inspection of the shaft key was made on
December 9, 1985. The four telltale drains at the key were inspected
and cleaned. Only the hole on the northwest side of the shaft was
weeping, resulting in salt accumulation on the terminal box below.
After chipping off this salt, a small amount of liquified chemical seal
material began oozing out of the telltale.  Inspection of the bottom of
the key showed no evidence of seepage below the concrete.

Geomechanical Instrumentation. Twenty-four embedment strain gauges, 16

spot-welded strain gauges, and 4 pressure cells were installed in the
C & SH shaft key from April 11 to 17, 1982. Two piezometers were
installed in the shaft key on July 10, 1982. The locations of these
instruments are shown on Figure 7-2. All instruments were read
manually until they were connected to the datalogger system on
October 30, 1982. Appendix J contains plots of the data from these
instruments. Piezometer data are presented on Figures J-44 and J-45.
Figures J-54 through J-57 present pressure cell data. The strain gauge
data are presented on Figures J-58 through J-97.
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The instruments for monitoring the shaft key, and especially their
- electrical boxes and cables, have had the same performance problems as
the piezometers and convergence points in the lined section above. The
two key piezometers have been damaged and repaired repeatedly.

The major problem in the key has been water damage inside the various
electrical boxes. The worst damage was in termination cabinet LTC-1.
Water seeping down finside cables connected to water-damaged boxes in
the 1lined section of the shaft corroded the terminals in the LTC.
LTC-1 1links the piezometers, strain gauges and pressure cells to the
surface dafa]ogger. Several attempts were made to repair the LTC
components. Thé components were permanently removed in October 1984 in
order to avoid further damage. The shaft instrumentation system is

scheduled for an overhaul during a future construction contract.

Meanwhile, all LTC~1-controlled 1instruments are read manually during
shaft inspections.

The terminal boxes for the pressure cells and strain gauges have also
"been damaged. Initial damage was to the fiberglass boxes and data
cables as they were struck by falling objects and construction
materijals traveling on the shaft conveyance. Subsequent damage was by
water seeping into the boxes. The boxes and cables have been repaired
numerous times.

Detailed accounts of instrument damage are presented in the GFDRs,
particularly in the tables of operating histories. The GFDRs also
discuss data collection, data plots and interpretative problems with
the C & SH shaft key instruments.

7.3.1.3 Unlined Section

Field Observations. Shaft inspections 1include observations of the
unlined section of the C & SH shaft. This section of the shaft

consists of exposed salt forming a smooth wall. The inspections
consist primarily of determining if any spalling or fracturing of the
salt is occurring.

@
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The unlined section was inspected to a depth of 2,057 feet (elev. 1353
feet) on December 9, 1985. One near-vertical fracture was observed on
the west side of the shaft between a depth of 1,021 feet and 1,043 feet
(elev. 2389 feet and 2367 feet). It ranged from closed to less than
1/4-inch wide at the wall surface and extended about 10 feet in
length. It did not appear on the east side of the shaft. Previous
shaft mapping showed the bresence of halite-filled vertical fractures
in anhydrite from a depth of approximately 1,023 feet to 1,038 feet
(elev. 2387 feet to 2372 feet). The fracture observed appears to be
one of those previously mapped. Salt blisters and precipitate weré
noted in various areas commonly associated with clay layers. The most
notable area was a 4-foot zone around the entire shaft circumference
from a depth of approximately 1,038 feet to 1,042 feet (elev. 2372 feet
to 2368 feet).

" Geomechanical Instrumentation. Nine borehole extensometers were

installed in the unlined section of the C & SH shaft between July 6
and 8, 1982. These extensometers are arranged in three-instrument
arrays at elevations of 2337 feet, 1846 feet and 1353 feet (Figure
1-3). Readings were taken manually until the extensometers were
connected to the datalogger system in October 1982.

The extensometers are the multiple-point, sonic-probe type consisting
of four anchors. The anchors for each extensometer were set at depths
of 4, 9, 18 and 36 feet. The collar of the extensometers was recessed
1 foot into the salt. Data plots for the extensometers are presented
in Appendix J, Figures J-116 through J-124.

The extensometers have not been damaged as much as the other
instruments 1in the shaft. Their operating histories rarely show any
interruption in the data. This lack of damage is a result of several
factors. The diameter of the unlined shaft is 2 feet greater than that
of the key or 1lined section. The instruments are recessed and
therefore not susceptible to damage from falling objects. The
extensometers are connected to LTC-2 and LTC-3, which are not directly
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1inked to LTC-1 and the piezometeré. Thus, water damage has not been a

problem.

Six sets of radial convergence points are 1located 1in the unlined
section of the shaft. These points have a history of damage and
replacement similar to that of the other convergence points. This
history is discussed in the GFDRs. Plots of the convergence point data
from the unlined section are presented in Appendix J, Figures J-210
through J1-214. Only five plots are presented since damage to the set
of points at elevation 1595 feet prevented the obtaining of reliable

readings.

7.3.1.4 Shaft Station

Field Observations. Site geologists monitor the deformational behavior
of the C & SH shaft station on a regular basis. Particular attention

is given to four aspects of movement or failure: roof and wall
spalling; fracturing at pillar corners; roof displacements and

separations; and floor displacements, separations and fracturing. The

" observations are recorded at 1least every 3 months and have been

published in each GFDR since the February 1984 issue.

A description of the € & SH shaft station excavation and roof support
methods were presented in Chapter 3. The- failure of resin-anchored
rock bolts dnstalled 7initially in the shaft station roof has been

attributed to a combination of the following factors:

(1) the resin firmly held the bolt shank in place and salt creep
caused failure at the first weak point;

(2) improper bolt installation resulted in damage to the threaded
section of the bolt (improper torque and lack of beveled or
spherical washers); and

(3) contributing factors such as corrosion and hydrogen

émbrittlement.




Rock bolts installed to replace the failed bolts, and subsequent bolt
installations, used mechanical anchors. As the load on these bolts
increases due to salt creep, the anchor yields by slipping in the
hole. Although this slipping is not desirable for the roof support of
underground openings in hard rock, it provides more control than rigid
anchors that do not yield but instead produce sudden bolt failure as a
result of the stress created by creeping salt. The slipping reduces
the load on the bolt, thus reducing the potential for bolt failure, but
allows continued roof support and prevents sudden roof falls. Each
mechanical-anchor rock bolt supports a 1load that is Tless than its
capacity, but the aggregate support provided by af] of the rock bolts
in a pattern is more than adequate for positive ground control. The
experience at WIPP shows that the mechanical-anchor rock bolts perform
well in creeping salt if periodically inspected and maintained.

The station roof and walls have exhibited continual slabbing and
spaliing which has required periodic scaling. Wire mesh has been
installed over the entire station roof to contain any small, loose salt
fragments.

Vertical fractures have developed in the pillar corners at the S90
crosscut. The condition of these fractures has been monitored and the
results reported on a regular basis in the GFDRs. A discussion of
fracturing at pillar corners is presented in Chapters 10 and 11.

Displacements, separations and fractures have been detected in
boreholes drilled into the station roof and minor separations have been
detected in some holes drilled into the station floor. Separations and
fracturing at clay 6 and in the underlying halite were detected shortly
after the 1initial station excavation. Horizontal displacements have
been observed in various boreholes during the past 2 years.

In May and June 1986, 20 boreholes were drilled in four arrays in the

shaft station to further investigate the extent of separations and
fracturing in the roof and floor. This drilling was conducted as part
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of a program to characterize excavation effects in the'salt surrounding
the openings and particularly in MB-139. This program is discussed

more fully in Chapters 10 and 11.

The new boreholes were inspected for the existence of separations and

fractures. Existing holes were inspected for horizontal
displacements. The probe used for this inspection consisted of an
aluminum rod with a 1/16-inch thick nail attached perpendicular to one
end. When applying moderate pressure, the nail snags on the borehole
wall if a separation, fracture, or clay seam 1is encountered. The
separation is considered to be less than 1/16 inch wide if the nail
catches on, but does not penetrate the hole wall. If the separation at
the wall surface is at least the nail width (approximately 1/16 inch)
there will be a slight penetration. If the separation is larger, the
nail penetrates its entire 1/2-inch length into the wall. When the
probe catches on the ho]e‘wa1]. the feature is probed on all sides of
the hole. This ensures that it is a continuous feature and not a clay
pocket or an imperfection caused by the drilling.

Fracture zones, anhydrite beds, or clay seams were sometimes identified
by picking out pieces of the material with the probe nail. An estimate
of their vertical dimension was made by moving the probe rod up and
down within the 1limits of the feature. Occassionally a slight
penetration occurred at the c]ay seams due to a very small separation

or penetration into the softer clay.

In the array of holes drilled north of the shaft, no separations or
fractures were detected in the roof. 1In the two arrays drilled south
of the shaft, multiple separations and fractures, ranging from
approximately 1/16 inch to 4 inches wide, were found in most of the
roof holes within the halite below clay G. Many of the fractures occur
within 3 feet of the roof. Some separation and fracturing appears to
be associated with clay G based on data from other holes in the stati