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Dear David:
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ITASCA TRIP REPORT

DATES: 3-4 December 1985

LOCATION: Richland, Washington

PURPOSE: Review of BWIP ES-I Design Construction and
Performance Assessment

ITASCA ATTENDEES: M. Board (Itasca)
A. Brown (Nuclear Waste Consultants)

Summary - The purpose of the meeting was to review the BWIP ES-I
design, construction and performance assessment. The meeting
agenda and attendance lists are given in Appendices A and B, re-
spectively.

The first day was devoted to a review of the siting, design, and
construction practices to be used in ES-I. Pierre Sarget of DOE
gave an introduction to the agenda which was followed by a short
discussion of the NRC position by M. Nataraja. Mr. Nataraja also
reviewed the essential points of 10CFR 50.10(d) regarding long-
term performance. This was followed by a review of past corre-
spondence between NRC and DOE regarding the ES shaft. Finally,
the five (5) general areas of concern within NRC regarding the
shaft were reiterated:

(1) shaft and seal design;
(2) ES construction procedures;
(3) sealing/grouting procedures;
(4) testing/inspection procedures; and
(5) QA for the above.

One important point given by Nataraja was that NRC had not iden-
tified any major safety-related effects as a result of sinking
the ES shaft.

Dr. Phil Long of BWIP then presented a review of the site selec-
tion program for the repository and the ESTF within the reposi-
tory. Dr. Long briefly reviewed the site selection process per-
formed by Woodward-Clyde Consultants in their arrival at the pre-
sent "A-H" reference repository locations (RRL). The RRL-2 bore-
hole (the "principal" borehole) was drilled centrally within the
area to allow greater flexibility in orientation of the eventual
repository. This provides for a centrally-located ES shaft
rather than the option of location the facility near the boundary
of the RRL.. As it later came out in the discussion by Alden
McElrath (RKE/PB), there is a new plan to develop a "mini"-repos-
itory within the shaft pillar. This "mini"-repository will con-
sist of two panels developed by the ESTF and connected to a num-
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ber of 5'¢ (approx.) repository shafts. This is obviously an
attempt by BWIP to meet the schedule for repository loading but
was veiled in terms of an experimental section of the repository
for the purpose of monitoring.

Dr. Long also discussed the process of choice of the Cohassett
Flow as the repository horizon. He stated that original reserva-
tions regarding the Umtanum Flow arose in the Spring of 1982,
primarily as a result of high in-situ temperature. This prompted
a systematic study, in May 1982, of flow comparison. The June
1982 discovery of the thick flow top in the Umtanum resulted in
its elimination.

One somewhat bothersome point of Dr. Long's presentation was the
very large difference in candidate flow "rating" based on the de-
terministic and probabilistic analyses (see viewgraphs presented
at the meeting). As pointed out by Adrian Brown, a drastically
different picture emerges for both analyses due to the fact that,
because of the meager data base, single data points (such as that
from RRL-2) can have significant import on decisions. The ques-
tion which then arises is "How confident can one be of the inter-
and intra-flow variations in the Cohassett flow when so many
years were invested in the Umtanum only to be thrown away by re-
sults from one borehole?" Dr. Long states that much of this
doubt can be answered by new research currently being conducted
in geostatistical analysis; a document of this analysis is to be
issued in the Spring of 1986.

A major change in direction of the program came to light through
Dr. Long's talk. He stated that it is no longer considered taboo
to construct repository drifts within the central vesicular zone
of the Cohassett Flow. Jan Patricio of the BWIP staff stated
that this change is based on a recent study by Dr. Nick Barton
(current of the Norwegian Geotechnical Institute in Oslo), in
which the Q-system of rock mass classifications was applied to
determine stability. Dr. Barton's conclusion was that stable
openings could be constructed. However, two points concerning
the use of the Q-system must be noted:

(1) the Q-system, like other rock classification
schemes, is based on a data base of practical tun-
neling experience. The Q-system, in particular, is
based on near-surface excavations in relatively
massive rock masses in Scandinavia. To our know-
ledge, there is no data base on excavation in
highly-vesicular basalts, particularly where high-
pressure water may be present.
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(2) The Q-system was developed for near-surface civil
construction. There is very little flexibility for
the inclusion of high in-situ stress in the empiri-
cal formulation. There is only a "stress reduction
factor" which is very vague in nature.

Don Dodds, BWIP's geomechanics director gave the misinformed idea
that, although the (uniaxial?) strength of the vesicular zone is
60% of the intact strength, the stress in the zone would be re-
duced because of lower modulus. This is not correct. There must
be vertical stress equilibrium across the vesicular zone, and its
pinching and swelling will likely result in nearly the same hori-
zontal stress ratios.

Construction in the vesicular zone could lead to enhanced hori-
zontal transport of radionuclides to a shaft and thus affect the
vertical transit time.

Alden McElrath, manager of ES design for RKE/PB presented the ES
shaft and surface facilities design. The presentation was a rou-
tine discussion of design drawings with two significant excep-
tions:

(1) the total shaft depth has been reduced by some 300
feet; and

(2) a "mini"-repository will be excavated from the ES
facility if the repository is chosen at the Hanford
site.

The latter point was discussed earlier; the first represents a
major programmatic re-direction since issuance of the ESTP and
draft EA. It was stated (by Pierre Sarget, DOE, and Harry Babad,
Chief of BWIP Integration) that the Cohassett Flow is the only
target horizon to be under consideration at this time as well as
in the future. In other words, if the Cohassett does not prove
satisfactory, there will be no moving to another flow, and the
project will end. Babad stated that the final draft EA to be
submitted in the spring is altered to reflect this change.

The exploratory test shafts will be used to ventilate the "mini"-
repository during construction and will subsequently be taken
from the ventilation system. All repository shafts are presently
expected to be drilled and will have 12'-15'O ID.

McElrath also stated that the original ES-I casing design is cur-
rently under re-evaluation to take into account the rock mass and
grout loadings (discussed at the NRC pre-meeting in November).
This re-evaluation will be released in about two months as Case
Study 11. A seismic analysis using Hanford site standards is be-
ing performed by RKE/PB on the liner (according to Dave Becker,
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to be 0.25 g horizontal acceleration). Dave Becker stated that
RKE/PB also is re-evaluating the Hanford seismic design stand-
ards.

Alden McElrath then informed us that the liner and grout from ES-
I and ES-II will be removed from the shaft over the dense inter-
ior portions of flows but will remain in place over flow tops and
interbeds to avoid shaft flooding. The liner plays no role in
isolation-only worker safety.

Ed Hershberger of Morrison-Knudsen Construction was next to
speak. His discussion centered on the shaft construction and un-
derground mining methods. The shaft drilling method was re-
viewed. Hershberger and M-K Consultant C. K. Presley stated that
no particular problems are expected with rockbursting or stuck
bits during shaft construction. The impression was given that
this is essentially a standard, well-developed technology-that
the material is basalt is of little consequence. Presley used
examples of raise bore drilling in the Coeur d'Alene district as
evidence of drilling in highly-stressed, bursting ground. His
statements were erroneous, however, and he appeared to have
little practical knowledge of the true conditions there, although
he did mention one example from the Sunshine Mine shaft boring
(3,000'+ back-reamed shaft 12' diameter). In this mine, burst-
ing at the bit during back-reaming of a 9" pilot hole caused se-
vere shaking of the surface drilling rig.

Hershberger noted a change from original plans in that a mechani-
cal breakage (rather than drill and blast) will be used for
breakout into the Cohassett. Once breakout is achieved, standard
drill and blast practice will be followed. Again, Hershberger
felt there would be no particular problems with ground control
(particularly rockbursting) and no contingency plans have been
formulated. This is based on a 1985 report by Wilson Blake (at-
tached). Blake feels that the heavily jointed structure of the
basalt will act to diminish the rockburst hazard.

Greater definition on chemical seals was provided by R. L. Root,
of Dowell-Schlumberger. Prior to seal ring installation, a chem-
ical flush (heavier than water) will be used to clean the forma-
tion and provide proper setting conditions for the chemical
grout. The chemical seal material will then be poured-in place
for 20 feet. Several feet above the chemical, a water flush is
again made, followed by cement-based grout. The seal is expan-
sive in nature. Root stated that the exact nature of the seal
was proprietary. Hershberger noted that the chemical seal would
be stripped from the shaft with the liner upon de-commissioning.
A final statement by Sher Bahadur (NRC) was given for the record.
Mr. Bahadur stated that NRC feels that the BWIP position on shaft
and underground construction is lacking in concern for possible
ground control problems. The shaft diameter, depth, rock condi-
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tions, and stress field will likely result in problems, but docu-
ments received to date show little concern. There also appears
to be no contingency plans in the event of problems. A final
Rockwell statement indicated that there would be a formal review
of the Phase I design criteria document in about 5 months.

Tom Wintczak, Project Engineer on the Exploratory Shaft Program
for Rockwell, spoke next on construction testing. During this
discussion, it was stated that the 1800 porthole orientation was
simply made to orient one hole into the breakout direction; the
180° rotation for the second hole is simplest to drill. NRC made
a strong point that this would provide data in only one plane,
whereas holes at 900 intervals would yield better information.
BWIP noted that the portholes are primarily for safety condi-
tions. The liner is now in a yard at Pasco, Washington, with
1800 portholes. BWIP will consider other orientations; however,
new portholes are most easily added prior to liner installation.

The primary testing to be performed in the probe holes is con-
stant head injection with increasing radial distance from the
shaft. This data (according to BWIP) will provide some informa-
tion on the properties in the disturbed zone. No decision has
been made as yet on the plugging of probe holes.

The question was posed by NRC as to-whether or not BWIP has de-
veloped a set of criteria (based on results of probe hole drill-
ing into the Cohassett prior to breakout) for acceptance or re-
jection of the Cohassett Flow during initial breakout. This, ob-
viously, is an important point-it was previously stated that the
Cohassett was the only flow now under consideration. Sarget
stated that the acceptance criteria are not available at this
time but will be given at the end of the EIS. Tom Wintczak
stated that there may be some long-term monitoring of the liner
mechanical response. BWIP has prepared a report on possible in-
strumentation methods and is currently reviewing it.

The final speaker of the first day was Ned Hutchins, Manager of
the Exploratory Shaft Program. He discussed the ES prerequisites
plan which is designed to identify all elements necessary for ES
construction to proceed. The component parts of this plan (func-
tional analysis, readiness reviews, design/constructability re-
views, and safety protection plans) were reviewed. All of this
is leading toward a start-to-drill date of 1 August 1986. Sarget
stated that thought has been given to placing an NRC official on
the readiness review team. The readiness review chairman within
BWIP (Hutchins) reports to Larry Fitch of RHO; the readiness re-
view chairman within DOE reports to an as-yet-unidentified person
within DOE.
In conclusion of the first day of the workshop, Sarget noted
that, in ES-I design (early '82), there was not a "rigorous" per-
formance assessment. One reason for this was that, at that time,
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the ES shaft was to be placed at the edge of the repository block
and was, therefore, of little concern in performance assessment.

The second day of the workshop opened with Ted Rolmeyer of BWIP
Systems Engineering giving a discussion of the systems require-
ments tree-logic developed by BWIP. The SRT begins with a "shop-
ping list" of data needs. This list was developed by BWIP ex-
perts (which is basically undocumented). NRC was concerned about
what analyses have gone into the selection of data needs. BWIP
states that there were no analyses, but only "absurd" data needs
were not included in this initial list. Bob Cook (NRC) pointed
out that there is a great reliance on the BWIP expert opinion
and, for QA purposes, the process of data needs identification
must be documented. BWIP stated that, although the present SRT
is not complete, the final version will provide a cross-referen-
cing to tests in the test plan and to resolution of questioning
over the SRT approach. Further discussion was tabled until the
testing meeting in early 1986.

Anthony Knepp, BWIP engineer, introduced the ES performance as-
sessment. He first presented an ES construction potential im-
pacts matrix which identified possible site characterization and
isolation impacts from the geology, hydrology, geochemistry, and
geomechanics aspects. There is currently no back-up for the ES
matrix-all is based on expert opinion. The performance assess-
ment modeling approach in use at BWIP is primarily a probabilis-
tic approach using Monte Carlo sampling techniques. Determinis-
tic models are also being used to perform sensitivity studies.
Knepp states that BWIP is actually trying to tie down probability
from performance assessment analyses.

R. M. Craig, Staff Engineer - Hydrology for BWIP, discussed the
effects of shaft construction on hydrologic characterization.
The shaft construction will affect site and facility flow direc-
tions and gradients. BWIP feels that shaft construction methods
minimize the impact on hydrologic characterization of the host
rock.

The current hydraulic baseline monitoring will be continued until
a baseline measurement of the potentiometric surface is estab-
lished. If this surface is not established before shaft drilling
begins, the start-to-drill date will be delayed. Also, no large-
scale hydraulic stress testing will be conducted while shaft
sinking is occurring in the Grande Ronde flows.

The water in-flow calculations presented in the conceptual design
document were reviewed. For normal operating conditions, a dense
interior hydraulic conductivity of 10- was used (a connervative
value, according to BWIP, since Cohassett values are 10-l to
10- m/sec), resulting in a flow rate to the drifts of 0.023
gal/min. This is based on 17 downhole measurements of hydraulic
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conductivity. The in-flow rate of 100 gpm for flow tops is based
on 37 measurements of hydraulic conductivity with a mean of 10-
m/sec. The maximum in-flow rate for a flow top is 3,40Q gpm,
based on a 6 m drift with hydraulic conductivity of 10-' m/sec.
This final scenario is felt to be highly improbable by BWIP.

Bob Baca of BWIP reviewed the performance assessment calculations
performed by B. Sagar and R. Seitz. Two new references concern-
ing this work were given:

(1) Cottam, A. E. "An Evaluation of the Extent and
Properties of the Zone of Disturbed Rock around a
Vertical Shaft Excavated through Basalt Flows at
BWIP," SD-BWI-TI-128, 1983; and

(2) Fredenburg, E., and ? Sonicker. "Performance As-
sessment in Support of Task V Engineering Studies,
5, 6, 7, 8, 9," SD-BWI-ER-006, 1985.

Baca described a computer simulation using the PORFLO (porous
media flow) two-dimensional program for examining the effect of
the shaft on radionuclide transport. The coupled processes of
groundwater flow, heat transfer, and radionuclide transport were
modeled assuming a radionuclide release time of 6,000 years (the
entire inventory is assumed to dissolve instantaneously in the
emplacement rooms). The disturbed zone around the shaft and un-
derground workings was estimated using an LBL study of permeabil-
ity vs radial distance around a circular opening. This analysis
is very crude and is not based on any physical evidence. In par-
ticular, the DRZ was assumed to be very small around the reposi-
tory and did not appear to recognize the significantly large
yield zone which will exist in the actual repository. The re-
sulting effect of these analyses was a hydraulic conductivity of
10- m/sec in the shaft DRZ. The result is that the preferred
flow path for water at the shaft base is up the DRZ around the
shaft until a flow top is intersected. At this time, the high
permeability and large flow rates in the flow top carry the par-
ticles horizontally. The preferred path for the water particles
within the repository is horizontally within the backfilled
drifts. Where the particles leak horizontally from the horizon
was not made clear.

The major point of these discussions is that the shaft seals do
little but seal the shaft itself. The flow occurs up the DRZ
around the seals. The ultimate finding is that less than 1% of
total release from the repository goes through the shaft seals
subsystem.

Krishan Wahi raised the point that these conclusions appear to be
in conflict with a paper presented by IT Corp. (a BWIP contrac-
tor) at a recent meeting in Pasco, Washington. This study indi-
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cated substantial flow rates in the shaft.- BWIP had little to
say about this, except that IT had assumed a 300 m drop in head
in the aquifer overlying the Cohassett (?).

The shaft seals design was reviewed by E. A. Fredenburg, Manager
of the Repository Seals Program. BWIP is presently going with a
design which calls for plugging the shaft with a 75% crushed ba-
salt/25% bentonite backfill. The shaft liner will be removed by
impactors over the dense interior flow portions but left in place
over flow tops and interbeds. Several schemes of excavation of
the shaft wall and emplacement of fill materials to provide a
seal for the DRZ were discussed. These include excavation of the
wall by smooth wall blasting, rock sawing, and overlapping drill
holes. In every case, the DRZ would be extended somewhat around
the new excavation. There is some doubt, therefore, as to the
utility of doing any of this work. Battelle PNL is using the
UDEC code to attempt better analysis of DRZ development and in-
teraction with the shaft seals.

Fredenburg then reviewed the performance assessment calculations
for the shaft presented in CR-015, showing how the 1,000 year
travel time criteria can be met. Although BWIP makes this point
(in conclusion), that the ES-I excavation will not compromise re-
pository performance, NRC notes that we will not know if the re-
pository has been compromised until construction occurs.

The major points of the two-day meeting are reviewed in Appendix
B.
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Miscellaneous Comments - A tour of the shaft drill rig and the
NSTF was held on 9/2/85. The tour was led by Don Brown and Tom
Wintczak of BWIP. After the tour, Mark Board participated in
informal discussions with BWIP geomechanics staff at the CDC
building in Richland. Here, the BWIP staff expressed the desire
for NRC to be a bit more forceful in its demands for computa-
tional results, particularly those concerning modeling of reposi-
tory stability and DRZ development. There evidently is a great
deal of friction between Rockwell technical staff and DOE and its
subcontractors (RKE/PB and M-K). Apparently, DOE and its subcon-
tractors feel that there will be little or no problem in high in-
situ stress, ground stability, or in the analysis of the DRZ,
whereas BWIP engineers are very concerned. DOE does not support
BWIP's desire to perform further analyses in this area; however,
BWIP feels that, if NRC makes a case for these studies, DOE will
relent.

7Wa, 
Mark Board
19 December 1985

mb/ks
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APPENDIX A

DOE-NRC Workshop ES Design, BWIP Participants
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APPENDIX B

Major Points/Observations

1. The shaft depth has been changed and only the Cohassett Flow
is currently being considered as a potential repository hor-
izon. The EA has been changed to read that only the
Cohassett Flow is a possibility.

2. The ES facility will be developed into a "mini"-repository
within the shaft pillar prior to development of the full-
scale facility.

3. The casing liner design is currently being re-evaluated by
including additional loading sources. The seismic design
criteria is currently being re-evaluated by BWIP staff. A
report covering the new liner design will be submitted to
NRC when completed: Case Study 11, issued in 2 months.

4. The post-closure seals in the shaft will consist of crushed
basalt (75-80%) and bentonite (20-25%). The liner and grout
will be stripped from the shaft over the dense portions of
Grande Ronde flows and left in place at the flow tops and
interbeds as well as all flows above Vantage.

5. The performance assessment of the shaft indicates vertical
flow at the shaft occurs within the DRZ, virtually by-pass-
ing seals. BWIP results do not agree with IT Corp. results.

6. BWIP plans to use both probabilistic and deterministic mod-
els for performance assessment.

7. BWIP feels there will be no problems with shaft drilling
method or drifting; however, no contingency plans or sub-
stantive details on ground stability considerations were
given. NRC feels that depth, high stress magnitude, large
deviatoric stresses, and heavily-jointed structures may
cause ground control problems not anticipated by BWIP.

8. NRC has no argument with RRL location or ES shaft location
within the RRL based on the data supplied.

9. Construction is judged by BWIP to be safe within the
Cohassett vesicular zone and may occur during repository
development.

10. NRC would like to get chemical composition of the chemical
flushes and chemical seal materials.
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11. NRC cannot agree that ES will not compromise the repository
horizon. This will not be known until construction is com-
plete.

12. Portholes are placed in the liner at 1800 intervals for ease
in drilling. Drilling could be performed at other angles
consistent with shaft services. This would require new
portholes placed in the liner prior to installation.

13. Pierre Sarget stated that there will be no compression of
the testing schedule even if construction delay slips occur.

14. Drilling of the shaft is to begin in August 1986, but date
will probably slip.

15. Shaft sinking will not begin until a hydrologic baseline is
established. No large-scale hydro-stress testing will occur
during shaft sinking in Grande Ronde.

16. Rockwell does not plan to trace mud infiltration into the
wall rock.

17. Agreement was reached on the definition of performance as-
sessment.

18. Pierre Sarget wishes to have no field changes in design or
testing.

19. BWIP defines its system mission as the isolation of high-
level waste from the accessible environment. The project
mission is to prove whether or not the Hanford site is an
adequate location for a repository.

20. A formal ES-I design criteria update will be released in 5
months and will be submitted to NRC.

21. There are no plans, at present, to monitor the liner or
grout after installation, although an instrument plan was
recently completed and is under review.

22. Acceptance criteria for decision on the initial suitability
of the Cohassett prior to breakout will be at the end of the
EIS.

23. BWIP feels that the ES shaft:

(1) will have no appreciable effect on site
hydrologic characterization-i.e., no ad-
verse effect on site characterization;
and
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(2) does not play a major role in radionu-
clide transport to the accessible en-
vironment (<10% of total flow)-i.e.,
BWIP feels that the shaft will not com-
promise isolation capability of the re-
pository.
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