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Dear David:

Enclosed is Itasca's trip report for the Lucky Friday Mine tour
and the 20-21 August Appendix 7 Site Visit toEBWIP (18-21 August
1986) attended by Mark Board. Please call me if you have any
questions.

Sincerely,

Project Manager
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ITASCA TRIP REPORT

18-21 August 1986DATES:

LOCATION: Lucky Friday Mine (Mullen, Idaho) and BWIP Site
(Hanford, Washington)

U.S. Nuclear Regulatory Commission
Silver Spring, Maryland

PURPOSE: Observations of Lucky Friday Mine and Appendix 6 Site
Visit to BWIP

ATTENDEES: M. Board (Itasca)

PREPARED BY: Mark Board

SUMMARY

On 19 August 1986, a tour of the Lucky Friday Mine was held for
NRC and its consultants. This was followed by an Appendix 7 site
visit to the Hanford site on 20-21 August.

Lucky Friday Mine Tour

A tour of the Lucky Friday silver-lead mine in Mullan, Idaho, was
conducted by Mike Werner of Hecla Mining Company and Ted Williams
of the U.S. Bureau of Mines, Spokane, Washington. The Lucky Friday
Mine is one of the deepest mines (5500 feet) in the western hemis-
phere. The tour was conducted because it holds many similarities
to the Hanford site, including

* brittle intact rock which is heavily jointed

* high in-situ stress (- 9000 - 10,000 psi maximum
horizontal)

• high rock temperatures (m 120F)

* four-foot diameter raises driven by boring
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The tour started at the Silver Shaft (a 20' ID, circular, con-
crete-lined shaft, 6200 feet deep) and descended to the 5100 foot
level. Here, the general ground conditions were examined, includ-
ing rockbursting and slabbing phenomena. The support of fully-
grouted rockbolts and wire mesh was examined, as well as the gen-
eral deterioration of the ground as a function of extraction in
the surrounding stopes. The damage resulting from rockbursts in
headings of drifts was seen; this often resulted in caving up to
1/2 to one drift diameter. The ground effects resulting from
crossing a shear zone were seen as vertical caving along the shear
for about one drift diameter.

An interesting portion of the tour was the examination of a 4' di-
K-' ameter, 200' long raise bored between the 5100 and 5300 levels in

August 1985. This raise was back-reamed from a 9" pilot hole us-
ing a standard roller cone bit. Immediately after reaming, the
hole was supported with 3' grouted bolts, wire mesh, and fiber re-
inforced shotcrete. During drilling, the opposite sides of the
hole normal to the maximum principal stress spalled. Many rock-
bursts occurred at the bit, displacing blocks up to a foot or more
in diameter. At present, the raise shape has formed into an el-
lipse with a roughly 2:2.5 ratio of diameters. The surface of the
raise was very rough as well.

The pumping, air conditioning (cooling), and hoisting systems were
examined. The mine uses a series of three quintaplex plunger
pumps to pump up to about 500 gpm in roughly 3000' stages. The
air conditioning for the lower levels is supplied from two 1000-
ton cooling units. The hoist used is a double drum 1500 hp (each
motor) Nordberg hoist which is set for 15 ton muck skips at 2100
feet per minute hoisting speed.

A final stop on the tour was the microseismic monitoring system--a
32 channel mine-wide broad-band velocity-gauge based system. The
velocity gauges are placed underground at roughly 100' intervals
surrounding the stopes. Analog waveforms are transmitted up the
shaft to a microprocessor on the surface which records events. A
least-squares routine is used to locate events, which are then
dumped to a PDP computer for analysis and plotting. The predic-
tion of rockbursting has proven to be rather unsuccessful, and the
system is used primarily to plan destress blasting.
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Appendix 7 Site Visit

The following are informal observations regarding the 20-21 August
Appendix 7 Site Visit.

On 20 August, J.Buckley, D.Tiktinsky, and M. Board met with F. R.
Cook, NRC Site Representative, at the Federal Building in
Richland, Washington, for badging. Attempts were made at this
time to set up meetings with various individuals in the BWIP pro-
gram. An initial meeting was held with Don Dodds, a senior in-
house geomechanics consultant for BWIP. In a recent BWIP re-or-
ganization, Dodds was relieved of his staff in the area of geo-
technical design and given a consulting role. Dodds described his
geotechnical methodology for the ES. This methodology is based On
the issues-hierarchy approach recently established by BWIP (since
about January 1986).

An important part of this methodology involves conducting paramet-
ric model studies of pre- and post-closure rock mechanics response
as a means of identifying test needs. These studies have not been
conducted to date. After this promising start, Dodds then pro-
ceeded to describe a test plan heavily based on a statistical
approach to defining "point" rock mass properties as a means of
providing data for numerical models. In particular, his appraoch
defines a statistical need for 32 (I believe) plate-bearing tests
within the ES facility for determining Young's modulus. The sta-
tistical basis for this large number of tests was not discussed,
and it is not obvious to me how such a number could be arrived at
a priori. These measurements are complemented by approximately
120 Goodman Jack measurements, a full-scale heater, and a mine-by
experiment. The mine-by test is for model validation purposes.
This proposed program does not appear to resolve the issues facing
the BWIP program.

Discussions were then held with Jan Patricio (former geotechnical
design engineer, now a scheduling and financial manager for the
site group). Mr. Patricio made it clear that Don Dodds' views
were his own and not the broad views of the BWIP program.

We requested a meeting with Tom Wintczak of the exploratory shaft
but were refused as we had not made a special DOE request. The
remainder of the afternoon was spent touring the ES shaft site.
Again, H. Brandt of BWIP originally refused our request to tour
the surface without special permission; however, he allowed us to
go along with a public tour group.
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On 21 August, meetings were scheduled with persons from the rock
mechanics modeling and field testing groups. An initial meeting
was held with M. Cramer (field testing) and R. Pearce, K. Donovan,
and G. Lehman (modeling). The discussion centered primarily on
the constitutive model development for basalt and the types of
numerical models contemplated for use in performance assessments.

Donovan and Lehman stated that a number of constitutive models
will be used in code validation from the ES testing. These in-
clude the Mohr-Coulomb, Hoek and Brown, and Drucker-Prager cri-
teria. At present, there appears to be a difference in opinion
between the modelers and field testers concerning the constitutive
law development for basalt. The modelers are planning to use sim-
ple plasticity laws (as described above), as they feel that a more
complex representation will make the analyses very difficult.
Cramer (field testing) felt that field tests such as the heated
block test should be used to develop a continuum constitutive
model which more accurately accounts for the effects of jointing.
This points out the lack of a unified approach to constitutive
model development and validation at BWIP. This supposedly will be
corrected in a report to be issued in September 1986 which will
discuss the model development and validation process. This is a
key document which needs to be reviewed soon after its issuance.

The modeling and field testing people expressed ideas on ES field
testing which were at odds to those described by Dodds in earlier
discussions. They place far less emphasis on the modulus deter-
minations using flatjacks and plate-bearing tests and greater em-
phasis on the "mine-by" test. In other words, they are suggesting
an approach more along the lines of the NRC integrated testing
methodology.

It appears that the rock mechanics peformance assessment activi-
ties are not at an advanced stage at this point. Most of the mod-
eling effort is being placed on the ABAQUS code, a derivative of
the ADINA code which has features such as initial stress and is
more suited to geotechnical problems. In addition, the ADINA and
ADINA-T codes are still available (but are being phased out in
favor of ABAQUS). The Crouch Research BESOL boundary element
codes are being used for non-thermal, elastic mining simulations.
The distinct element code UDEC has recently been installed on the
BWIP MICROVAX, and it is planned to use it to perform such studies
as numerical experiments to examine the effects of joint structure
on constitutive behavior and excavation stability. Performance
studies of the thermomechanical pre-closure stability of excava-
tions is to begin shortly. The relationship of the BWIP modelers
to the RKE/PB design team was not made clear. It appears that
BWIP sees itself performing a "checking function" for the design
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effort. There does not seem to be an effort to supply the A/E
with validated codes for use in design but, rather, to allow him
to use empirical or analytical methods and later check the valid-
ity of the design with the BWIP models. The rock properties for
use in design are controlled and updated using the Rock Mechanics
Data Package document.

Cramer discussed the new flatjack design which BWIP has developed
with Serrata Geomechanics. This design uses molded polyurethane
wrapped with Kevlar sheeting. The results have proven to be quite
good. The jacks have been pressurized to 10,000 psi multiple
times; they also retract to the original shape to allow removal
from the slot if failed.

A new diamond chain saw is also in development for ES flatjack
tests. This saw uses a square arrangement of pulleys to provide a
flat cutting face for the blade. Also under development is a bi-
directional form of the CSM cell to be used for down-hole modulus
measurement.

Discussions were held with Steve Dischler and Rick McCain of the
in-situ stress measurement group. At present, they are performing
a study attempting to relate core disking to in-situ stress mea-
surement. It was pointed out that simply relating the footage of
core disked to areas of high in-situ stress may be erroneous since
high stresses are related primarily to the thickness of disks.
Dischler will attempt to perform a geostatistical analysis of this
problem -the methodology for this study and the statistical prob-
lems associated with it were the subject of further discussion by
Buckley and Dischler. R. McCain has spent time in design of a new

'~-' constant volume injection system for hydraulic fracturing which
may help reduce the uncertainty in interpreting breakdown pres-
sures during fracturing at BWIP. This system utilizes an elec-
tric-driven chemical refining pump rather than the commonly used
air-driven pumps which suffer from the softness of the compressed
air system used as the power source. Design will continue once
the current stop-work order is lifted. Both engineers expressed a
desire to perform more stress measurements in new stress holes
outside the RRL. They feel that the large number of measurements
within the RRL biases results to this area. The purpose of these
measurements was not clear and appeared to be oriented more toward
aiding in a regional tectonic model than for design.

A luncheon meeting was held with Dr. Kunsoo Kim, who is presently
resolving comments on the SCP Chapter 2. No new information was
gained from this meeting with the exception that BWIP is about to
announce a new subcontractor who will supply 35 persons to act as
consultants in the area of geomechanics.
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A wrap-up meeting was held with Jim Mekka and Bruce Nichol of DOE
during the afternoon of 21 August. Mekka expressed the feeling
that these types of informal meetings of technical staff were
helpful but was concerned that they not require large amounts of
preparation time. NRC stated that it wishes to see works in pro-
gress and test data prior to final BWIP reports. Nichol disagreed
with this approach, feeling that there was little value in NRC re-
viewing such material. There was agreement that the September re-
lease of the modeling overview document described by Donovan was
important.

Conclusion

The site visit was useful in that we were able to see the method-
ology in the BWIP testing and modeling programs and to see the ex-
tent (or lack thereof) of the interaction these groups have with
the design effort. The apparent uncertainty in constitutive model
development and its relation to in-situ testing appears to be a
major point. Because the release of documents often is months to
years behind the latest work, these meetings are valuable in up-
dating NRC personnel. Future meetings of this sort could be of
greater value if a detailed schedule of meetings with a topic
agenda is laid out several weeks in advance. We often found that
individuals we wished to see were out of town, in week-long meet-
ings, or would not see us since they had not been requested to do
so by DOE.

Respectfully, submitted,

Mark Board

ITASCA



-7-

COST BREAK-OUT

Labor

Mark Board 32 hrs e $22.02/hr $ 704.64

TOTAL LABOR $ 704.64

Actual Expenses

Travel

Airfare (to Spokane, Richland)

Miscellaneous Travel Expenses
(mileage, taxis)

Motel
(2 nights @ $34.28/night)
(1 night @ $31.50/night

Meals

$ 581.00

$ 41.00

$ 68.56
31.50

$ 80.51

Miscellaneous Expenses
(telephone)

$ 5.43

TOTAL EXPENSES: $ 808.00
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