
June 16, 1Ot'
Mr.-Ronald A. Milner, r
Program Management and Integration
Office of Civilian Radioactive Waste Management
U.S. Department of Energy, RW 30
1000 Independence Avenue, S.W.
Washington, D.C. 20585

SUBJECT: MINUTES OF THE MARCH 13, 1997, EXPLORATORY STUDIES FACILITY
MEETING

Dear Mr. Milner:

Enclosed are the minutes of the March 13, 1997, technical meeting between the staff of
the U.S. Nuclear Regulatory Commission and the U.S. Department of Energy (DOE) on
items of mutual interest regarding the Exploratory Studies Facility (ESF) Design and
Construction. This meeting was held by three-way videoconference at DOE offices in Las
Vegas, Nevada; NRC offices in Rockville, Maryland; and the Center for Nuclear Waste
Regulatory Analyses (CNWRA) offices in San Antonio, Texas, as one of a continuing series
of periodic ESF meetings.

Organizations other than NRC and DOE that were represented at the meeting were the
CNWRA; DOE's Management and Operating Contractor (M&O), the U.S. Geological
Society, the U.S. Nuclear Waste Technical Review Board, the State of Nevada's Nuclear
Waste Project Office, and Clark and Nye Counties, Nevada.

The meeting again resulted in a good exchange of information and views between DOE
and NRC. No response to this letter is required. If you have any questions regarding this
letter or the enclosed meeting minutes, please contact Michael P. Lee of my staff. He can
be reached at (301) 415-6677.

Sincerely,
&Original signed by]
Michael J. Bell, Acting Chief 1
Performance Assessment and High-Level f(

Waste Integration Branch
Division of Waste Management
Office of Nuclear Material Safety

and Safeguards
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MINUTES OF THE MARCH 13, 1997
U.S. NUCLEAR REGULATORY COMMISSION/U.S. DEPARTMENT OF ENERGY

TECHNICAL MEETING ON THE EXPLORATORY STUDIES FACILITY

On March 13, 1997, U.S. Nuclear Regulatory Commission staff met with staff from the U.S.
Department of Energy (DOE) and DOE's contractor to discuss items of mutual interest
regarding progress on the excavation of DOE's Exploratory Studies Facility (ESF) at Yucca
Mountain, Nevada, and technical issues related to the design of the geologic repository. The
items discussed included the status of ESF construction, an update on the status of scientific
studies at the ESF - including alcove testing - and some preliminary discussion of the
engineering design program plans for waste package retrievability. In addition, the two staffs
discussed possible technical topics that might be included as part of an expanded scope of
future meetings.

This meeting was another in a continuing series of periodic ESF technical meetings. The
meeting was held via a three-way videoconference at the NRC office in Rockville (Maryland);
the DOE office in Las Vegas (Nevada); and Center for Nuclear Waste Regulatory Analyses
ICNWRA) office in San Antonio (Texas). Representatives from the State of Nevada; Clark
County and Nye County, Nevada; the U.S. Geological Survey (USGS); and the U.S. Nuclear
Waste Technical Review Board also attended. The agenda is in Attachment 1. Attachment
2 contains the list of attendees.

In the first series of presentations, DOE provided an update on the status of ESF tunnel and
alcove construction. (The briefing materials reviewed are contained in Attachment 3.) The
topics covered included: an update on ESF tunneling operations; a discussion of testing
alcove excavation sequencing, including schedules and method of excavation; tunnel boring
machine (TBM) progress; South Portal construction activities; and a discussion of Thermal
Test Facility Heater Drift and Single Element Heater Test alcove excavation. With respect to
TBM operations, DOE reported that the current date for daylighting the TBM was now
sometime in early April 1997 owing to ground conditions. In anticipation of TBM daylighting,
it was reported that the South Portal box-cut was completed on February 18, 1997, and
completion of the South Portal construction is anticipated by March 15, 1997.

Regarding other ESF operations, DOE staff discussed the status of the North and South Ghost
Dance Fault alcove excavations as well as the status of excavation of the Thermal Test
Facility Heater Drift and the Single Element Heater Test in Alcove 5. DOE noted that
excavation of the Thermal Test Facility Heater Drift had been completed and the placement
of the final concrete liner will be completed by March 1997. The Single Element Heater
(thermo-mechanical) Test was reported to be ongoing. The heater element was energized on
August 26, 1996, and the planned heat-up cycle is scheduled to end in late May 1997.

In the second series of presentations, DOE provided an update of the scientific investigations
within the ESF. The first presentation was an update on the thermal testing programs
involving the Large Block Tests (LBT) above-ground, and the preliminary measurements and
data from the Single Element Heater and Drift-Scale Heater Tests below-ground, in Alcove 5.
(The briefing materials reviewed are contained in Attachment 4.) Although this information
is considered preliminary, a comparison of the predicted and measured data to date for the
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Single Element Heater Test indicated good agreement. The following additional discussion
points were noteworthy:

* Large Block Tests: The LBT heater was turned on February 28, 1997, and tests of the
thermal-mechanical-hydrologic-chemical properties of the test block are in progress.
The LBT status report deliverable is due the end of August 1997, and the final report
deliverable is scheduled for April 2, 1998.

* Drift Scale Heater Test: The high range of temperatures and the heating time window
for this test have been sources of concern to the NRC staff. The staff believes that
an accelerated drift scale heater test at thermal loads much higher than those expected
at the repository poses a risk of masking potentially important phenomena and not
providing the information necessary to differentiate among alternative conceptual
models. The NRC staff advocates a lower and more representative temperature at a
slower rate to allow for observation of potential phenomena such as condensation and
water dripping. DOE has noted that thermal tests are being changed to address this
concern, and also in response to the January 23, 1997, NRC letter, and the NRC
staff's comments regarding this subject. The details of these changes, which also
include changes to the instrumentation, have not been completed, but are to be
addressed in DOE's response to the NRC's January 23, 1996, letter.

Several questions were raised by the NRC staff regarding the excavation method in the
heater drift, plans for sealing of instrumentation boreholes, and rock permeability. DOE
responded that excavation of the heater drift was done with an Alpine Miner except
for the drift floor which was done by the drill and blast method. DOE noted that all
instrumentation boreholes with the exception of the MPBX holes will be sealed to some
degree. The test results have indicated that the rock for the Drift-Scale Test is more
permeable than the rock for the Single Element Heater Test. The Drift-Scale Test
heating will be initiated on December 8, 1997 and terminated on December 8, 1999.

* Single Element Heater Test: DOE reported that this test is proceeding as planned.
However, the measured temperatures near the heater are somewhat hotter than the
predicted temperatures. In response to a question by Nye County, DOE noted that it
is too early to determine if the difference is due to fractures and permeability.

DOE's presentation of the Borehole 16 and the Single Element Heater Test geochemistry
analyses was followed by several questions by Nye County and the NRC staff. Nye County
noted that drilling water seems to have complicated interpretation of the water chemistry
results and asked if DOE intends to continue using drilling water. DOE responded that the
preliminary results indicate low Lithium-Bromide (tracer) concentrations; therefore, this is an
indication that the water is not drilling water and DOE intends to continue using drilling water.
Preliminary' data also suggests that the water is condensate exposed to fracture-lined
minerals. NRC asked that, given the problems associated with the chemical sensors in the
single heater test, is DOE planning to use different sensors. DOE responded that the
'SEAMIST' sampling pads and water samples are still available and are the primary sources
for data.

Following the update on thermal test activities, DOE provided an overview of other testing
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activities. The activities discussed were as follows: South Portal construction'; TBM
progress2; ESF mapping status; status of work and testing in Test Alcoves2 5, 6, and 7
including a preliminary description of Ghost Dance Fault and related structures; ESF moisture
monitoring and testing; three South Ramp breathing fractures; C-Well reactive tracer tests;
hydrologic testing in general; and new site characterization boreholes to be included in the
FY97-98 Program Enhancements. (The briefing materials that were relied on in this portion
of the discussion are contained in Attachment 5.)

In this series of presentations, the following additional discussion points were noteworthy:

Test Alcove 6: DOE also described the pneumatic monitoring, gas sampling, core
water sampling, air injection sampling test and results, with emphasis on the Ghost
Dance Fault zone and related structures in Alcove 6. The NRC asked if certain criteria
were used for defining the fault zone as shown in a preliminary sketch fin one of the
briefing slides). DOE responded that the sketch did not show a transition of the fault
into breccia. The NRC staff's question was related to the issue of a specified
"setback" to avoid potentially active fault zones. DOE responded that no criteria were
used to determine a setback near potentially active faults or the thickness of fault
zones. However, a planned DOE revision of the Seismic Design Topical Report II will
address criteria for fault setback.

* Test Alcove 7: DOE reported that some additional testing would be conducted owing
to the availability of monies from the $13 million FY97-98 Program Enhancement
Package.

* 2nd and 3L Quarter Deliverables: DOE provided a list of studies/products due to the
project in the next 4 to 5 months.

* 36C1CStudies: No bomb-pulse 36C1 was detected beyond ESF station 45 + 00. However,
no Carbon/Iodine analyses have been conducted, at this time, to corroborate this
observation.

The third major presentation of the day concerned waste package retrievability. This
discussion item was a follow-up discussion to an earlier February 1997 Appendix 7 meeting
on design detail for a potential 10 CFR Part 60 license application. (As a prelude to the
discussion, DOE acknowledged the need to keep the staff better informed of major design
decisions when they take place and as a consequence would like to hold another Appendix
7 meeting in sometime in the Summer of 1997, to further explain the current overall
repository design concept including the so-called "binning" of repository structures, systems,
and components.) With respect to retrievability, DOE discussed the following: the Part 60
regulatory basis for the retrievability requirement; retrievability design impacts; a description
of issues related to retrieval; the current design status; current repository design assumptions
related to retrievability; design events such as ground support failure, failure of control

t See earlier discussion in this meeting summary.

2 No new developments/activities were reported in Test Alcoves 1 through 4.
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i systems; leaking waste packages that need to be evaluated; and off-normal scenarios that
may necessitate retrieval. (The briefing materials pertinent to these discussions can be found
in Attachment 6.)

As part of these discussions, DOE noted that the Fiscal Year 1997 scope of work includes an
engineering study to develop a retrieval strategy as part of the Viability Assessment design.
In addition, analyses will be performed to provide a preliminary design of the waste package
transportation system, the mechanism for loading and unloading waste packages, the
emplacement gantry - also used for retrieval - and the subsurface layout and facilities
design. Other analyses will address ventilation and retrieval scenarios.

Finally, DOE noted that the current 100 years retrievability design requirement in the
repository requirements document will be revised to corresponds to Part 60's regulatory
requirements of 50 years. Seismic design Topical Report II and other DOE design documents
state that the geologic repository will be operational for 100 years (or more).

At the end of the retrievability discussions, there was some follow-up discussion concerning
the revised repository footprint. In response to a question regarding the need to rely on the
lower repository block for waste emplacement, DOE's M&O contractor noted that the lower
block may not be needed if the high-thermal-loads option is chosen, and that the lower block
may be the only portion of the current repository design that is needed if the low-thermal-load
option is chosen. However, the repository lower block is not removed from the repository
design. A question related to the repository layout asked by Nye County was why is
repository ventilation main located below the repository horizon. DOE indicated that it did not
have the right staff in attendance at the meeting to answer this question but subsequently
responded to Nye County with an explanation.

The last item on the agenda concerned the future focus of the quarterly ESF meeting (See
Attachment 7.) With construction of the ESF essentially complete, both staffs recognize that
the quarterly videoconferences provide a valuable opportunity to interact and remain informed
of major program developments. DOE noted that it would like to see these meetings continue
in the future but with broader DOE and NRC staff involvement. The proposed name of the
future meetings would be DOE/NRC Quarterly Technical Meeting. Several ideas and
recommendations for future discussion topics were made, as noted below:

* Status of DOE total-system performance assessment abstractions and hypothesis
testing.

* General updates concerning new developments or changes to repository design and
testing activities.

* Timely themes related to the so-called "key technical issues."

* Items that have some regulatory impact or for which DOE would need some timely
regulatory (NRC) feedback.

* Respective staff efforts geared toward issue resolution. (In this regard, these meetings
are an opportunity to discuss about the status of issue resolution, and to start
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evaluating some of the issue resolution concepts.)

At the close of these discussions, the staff representing the State of Nevada and Clark County
, Nevada, were invited to make some closing comments. Both participants declined to make
comments.

Finally, scheduling for the next meeting in the series was discussed. A date in mid-June was
proposed. It was also suggested that the meeting be held in Las Vegas thereby affording DOE
the opportunity to discuss its repository design binning concept and in doing so, present some
preliminary material on the subject, if available. Although videoconferencing is convenient and
economical, it was noted that a face-to-face meeting would be a more effective way of
interacting on this particular technical subject.

Michael P. Lee
Division of Waste Management
Office of Nuclear Material

Safety and Safeguards
U.S. Nuclear Regulatory Commission

Christian E. Einberg
Regulatory Coordination Di
Office of Civilian Radioactive

Waste Management
U.S. Department of Energy
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AGENDA FOR THE
DOE-NRC VIDEO CONFERENCE

ON THE STATUS OF THE
EXPLORATORY STUDIES FACILITY

March 13, 1997
12:30 - 4:00 p.m. (EST)

NRC:
Two White Flint North, 11555 Rockville Pike, Room T2B5

Rockville, Maryland

DOE:
Summerlin I Facility

1551 Hillshire Drive, Atrium Room
Las Vegas, Nevada

Time Subject Lead(s)

12:30 p.m. Opening Remarks DOE, NRC,
State, AUG

12:40

1:30

2:30 - 2:45

2:45

ESF Construction Update
- Status of Tunnel and Alcove Construction
- South Portal Construction

Scientific Studies Update
- Status of Tunnel Mapping
- Update on Thermal Test Results

BREAK

Engineering Design Program
- Feedback on Level of Detail Appendix 7 Meeting
- Retrievability

DOE

DOE

DOE, NRC

3:15

3:45

4:00

Future Focus of this Quarterly Meeting
- Topics Related to the Current Project's Activities
- Ideas for Improving the Utility of this Interaction

DOE, NRC
State, AUG

Closing Remarks and Additional Discussion DOE, NRC

Adjourn
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LIST OF ATTENDEES FOR THE
DOE-NRC VIDEO CONFERENCE

ON THE STATUS OF THE
EXPLORATORY STUDIES FACILITY

March 13, 1997

DOE
A. Gil
C. Einberg
W. Boyle
D. Bryan
P. Harrington
T. Hawe
J. Herrington
V. Iori
J. Replogle
M. Tynan

NRC
J. Austin
B. Ibrahim
P. Justus
B. Leslie
M. Lee
M. Nataraja
J. Pohle
S. Wastler
R. Weller

State of Nevada
J. Grubb
S. Frishman
J. Treichel

NRC (Las Vegas)
W. Belke
C. Glenn

Clark County, Nevada
E.V. Tiesenhausen

DOE M&O
K. Ashe
J. Bailey
A. Chakrabarti
K. Lobo
A. Haghi
A. Stohl

Nuclear Energy Institute
C. Henkle

Nye County, Nevada
N. Stellavato

U.S. Geological Survey
R. Wallace

U.S. Nudear Waste Technical Review Board
R. McFarland

Center for Nuclear Waste Regulatory Analyses
R. Green
L. McKague
J. Russell
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YUCCA
MOUNTAIN

PROJECT

ESF Construction Update

Presented to:
NRC-DOE ESF Technical Meeting, Video Conference

Presented by:
Richard L. Craun
Manager for Viability Assessment
Yucca Mountain Site Characterization Office

March 13,1997
U.S. Department of Energy

Office of Civilian Radioactive
Waste Management



ESF Tunneling Operations Update

* ESF tunneling is currently at Station 76+46.4m as of
3/10/97

- Approximately 232m remain to daylight at south portal
- Current ground conditions are good (bolts/mesh)
- Ground conditions will determine estimated holeout in April

97, although scheduled holeout date at the South Portal is
3/27/97

* Phase I excavation on North Ghost Dance Fault
Alcove (#6) access drift completed to Station 1+34m
on 11/23/96

- Fault was located at Station 1+54 (fault zone from 1+43 to
1+55)

- Phase I (single borehole testing) was completed on 3/3/97
- Phase 11 excavation of nearly 65 meters (alcove across fault)

has commenced (current location 1+39.2) and is scheduled
for completion by 4/30/97 2ESF.ppt

11-2
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ESF Tunneling Operations Update
(continued)

Excavation of Phase I access drift in the South Ghost
Dance Fault Alcove (#7) has been completed to
Station 1+ 34 meters, i.e., 84% complete. Schedule
completion date is 4/18/97. Projected station
completion 2+25 (end of Phase 2)

- Horizontal (fault contact) and vertical (stratigraphic contact)
drilling began on 3/3/97

- Testing is schedule to commence late March (4 month
duration)

- Four months of testing will follow Phase I excavation
completion

- Phase 11 excavation (65 meters) completion date is 10/31/97

2ESF.ppt

11-3



ESF Tunneling Operations Update
(Continued)

* Excavation of Thermal Test Facility Heater Drift was
completed mid-February; all excavation now
complete

- Cast-in-place forms are on site; final invert and liner
concrete placements will be performed during March 97

- Restart of drilling test boreholes in heater drift and Access
Observation Drift (AOD) will begin late March 97

* Single Element Heater Test (Thermo-Mechanical
Alcove) is ongoing. Heater energized on 8/26/96
(planned heat-up cycle is scheduled to end late May
97)

2ESF.ppt
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ESF Tunneling Operations Update
(Continued)

ESF South Portal Box Cut was completed on 2/18/97
- South Portal Pad and TBM demobilization and disassembly

ramp and runway is 60% complete
- Completion of highwall and sidewall shotcrete applications

in progress
- Completion is anticipated by 3/15/97

2ESF.ppt
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YMP Thernal Test Activities

Presented to:

NRC-DOE Technical Exchange, Video Conference

Presented by:

William J. Boyle
DOE Team Leader for Performance Confirmation

U.S. Department of Energy
Office of Civilian Radioactive

Waste ManagementMarch 13, 1997



YMP Thermal Activities Update

* Large Block Test

* ESF Thermal Tests
- Drift-Scale Test
- Single Heater Test

TTA3-9?.2.125.Nrc.PPT.3-13-97



Yucca Mountain Project
SHT Thermal Tests



Large Block Test

* To study the coupled TMHC processes in a medium
of
- controlled thermal boundary
- controlled moisture boundary
- large scale
- multiple fractures and inhomogeneities
- well pre- and post-test characterizations

* To test instrumentation in a quasi in' situ
environment

* To test waste package materials in a quasi in situ
environment

* To investigate microbial activity

TTA3-97.10.125.NWTRB.PPT.3- 13*97

A. 4
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Large Block Test
(Continued)

Completed characterization of ambient hydrological
characteristics
Measurements include:
- Air permeability tracer test
- Neutron probe moisture content
- Electrical resistance--moisture distribution indicator
- Completed mapping of fractures

Heater was turned on at ~10:00 AM PDT on
February 28, 1997
- TMHC Tests are in progress

TTA3-97.3.125.Nrc.PPT.3-13-97



Large Block Test
(Continued)

i Schedules and deliverables
- Report to start heating: completed 1/27/97
-. LBT status report : due 8/29/97
- LBT Final Report 4/2/98

TTA3-97.4.125.Nec.PPT.3-13-97
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Exploratory Shaft Facility
Thermal Test

* Drift Scale Test

* Single Heater Test

TTA3-97.12.125.NWTFIB.PPT.3-13-97



IBM TESTING
- HYDROhEHISTRY TESTS IN THE ESr
- CONSOLIDATED SAICLING
- UNDERGROND GEOLOGICNL NAPPING
- PERCHED-VATER TESTING IN THE ESY (CONTINGENCY)
- CNSTRUCTION NUI1UING

PPER PAINTDRUSH TIFF CONTACT ALCOVE (ALCOVE 03)
- HYDROCHEHISTRY TESTS
- RADIAL BOREHOLE TESTS (TIVA CANYON/PTn CONTACT)POSSIBLE NORTH RAMP EXTENSION

- DIFFUSION TESTS IN TIC ESr
- PERCOLATION TESTS IN THE EYr
- CONSOLIDATED SMPLING
- UNDERGRCUND GEULOGICAL MAPPING
- RADIAL DOREHCLE TESTS IN THE EsF
- HYDRUCHENISTRY TESTS IN THE rsr
- CONSTRUCTION ONITORING

I
NORTHERN GHOST DANCE FAULT ALCOVE (ALCOVE #6) I

- HYDROCHEMISTRY TESTS
- HYDROLOGIC PROPERTIES Or 4AJOR FAULTS (SUNDANCE/GIOST DANCE)) |

THERMAL TESTING FACILITY (ALCOVE #5)
- THERMAL/ECHANICAL PROPERTIES
- NEAR-FIELD HYDROLOGIC/GEOHECHANICAL PROPERTIES
- EXCAVATION INVESTIGATIONS

- SEQUENTIAL DRIFT HINING
- SINGLE HEATER tESTING
- PLATE-LOADING TESTING
- DRIFT-SCALE THERMAL TESTING

SOUTHERN GHOST DANCE FAULT ALCOVE (ALCOVE 47)
- HYDROCHENIStRY TESTS
- HYDROLOGIC PROPERTIES OP MAO FAULTS

(GHOST DANCE)

3 DEFERRED ALCOVES
IN TIC SOlH RAMP

4 DEFERRED ALCOVES l
I IN THE MAIN DRIFT

FINAL DECISIONS ON DEERRAL

NOTES, TEST/EXCAVATION. AND TESTING IN DEFERRED
ALCOVES IS DEPENDENT ON OSIERVATIONS DURING
EXCAVATION, EVALUATION or EARLY TEST RESULTS.
AND PROGRAN PRIORITIES.



t -t General Location of the ESF Thermal Test

' To Nonh
/ Po1l3

Cs 11.03

17+17

Ghs Ance -~l

(a) Plan View

Possible Ghost
Dance Fault Trace Upper Lthophyal Zone

||~ , 'm Ull ophys Zone

4 i; in _ = ~~~~~~~~ain Drif
. Add De I ~~~~~~~XSection

l1
1'

ftssibly
I1 tom .1soma

., *t Swan Act 4 4 1

(b) Profile View

REFERENCE ONLY
(Not to Scale)

s
R

pi



Schematic of ESF Thermal Test Facility

Floor Heaters

Wing Heaters
Instrumentation
Boreholes

ESFTST.CDR.123
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Why the Drift Scale Test?

Predict and measure coupled T-M-H-C
processes at an appropriate scale

* Temperature distribution and heat transfer modes

* Propagation of the drying and re-wetting regions

* Changes in water chemistry and mineralogy

* Thermal expansion and deformation modulus

TTA3-97.15.125.N'WTR3 PPT.3-13-97
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Drift Scale Test
Borehole Perspective

Drift Drift

Wing Heaters

Thermal
-~ Mechanical

-~ Hydrological

-M ChemicalI.



Drift Scale Test
Borehole Perspective

_OOMMM Wing Heaters
Thermal

M - Mechanical
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TYPICAL MPBX CROSS SECTION
INCLUDING WING HEATERS W/
BOREHOLE PROJECTIONS



TYPICAL AOD CROSS SECTION INCLUDING WING HEATERS

~~~~~~~~~~~~~~~~~~~CROWN

SPRINGLINE

INVERT

ACCESS/
OBSERVA11ON

DRIFT
(DECLINING)

tNMkjt ts oniARES



TYPICAL HEATED DRIFT CROSS SECTION INCLUDING
WING HEATERS W/ BOREHOLE PROJECTIONS

, 138



Schedule for the Drift Scale Test

* Final Test Design and Forecast Report July 16, 1997
Initiate Heating

* Characterization of August 4,199
Thermal Test Area Report

* Initiate Heating December 8,

* DST Early Results Report February 2, 1

* DST Progress Report September 1,

* Terminate Heating (min.) December 8,

* Terminate Cooling December 8,

* Submit Final Report July 1, 2002

7

1997

998

1998

1999

2001

TTA3-97.17.125 NWTrll.PPT.3-13*97
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Why the Single Heater Test?

* Shakedown

* Simpler-Smaller-Shorter

TTA3-97.20.125tJWTnft.PPT.3-13*97



Layout of Single Heater Test

THERMOMECH4ANICAL
ALCOVE

EXTENSIONOBSERVATION
DRIFr
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,, 3X In 34 X 7
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LEGEND: Boreholes
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Themial
- Mechanical
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REFERENCE ONLY
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I Cross-Section of Single Heater Test
. He

CROSS-SECTION A-A

LEGEND: Boreholes
- Heater-

Thermal
- Mechanical
- Hydrological
- Chemical

REFERENCE ONLY
(NOT TO SCALE)
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C4

Results to Date
Single Heater Test

* Test Proceeding as Planned

TTA3-97.26.125 NWTRO.PPT,3-13-97



Configuration of the Single Heater Test
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PLAN VIEW
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1.

Permeability Values From Test Conducted in May 1996
Single Heater Test

A-A Collar Locations

Access
Observation

Drift

1.2x10-14 >1W~0* *4 94 9.2xlO'Ss
2.1X10 13---0N12& 7.722xI-14

1.8X10-13 ---- 0-3 * 1 *5.1Xi0-14

5.2X10-12 No 1. "'*-"'1.3x10-13

I
EIun.

q

Crown

SHT
Alcove

13 meters

Crown

SHT
Alcove

1.4xlO 14 8.3xlO Is .11 ~~- A • 31 '
5.1x1A- 56 1 3:;:2 7~.~: i2 e- 16.6x10-14

1 1x10-' 17.7x I10-12

Crown

1 2x10-14

5.0xIO15 -23 .24 A
1.6x10-13-0'i 0:*25 ..4-4.6x10-13

22 >-199x19 5

SHT
Alcove



Single Heater Test: Measurements
Perspective Isotherms

Input Sensor Locations

February 17, 1997 (Day 175)

Degrees

2
22
1
1
I

1

1
I

I-a

8

7
6
5
4

J

0-t p z-4-4� �� .. -ft I'O



,- t

Single Heater Test: Measurements
Perspective Isotherms

Vertical Slice at Heater Midlength

February 17, 1997 (Day 175)

Degrees C

22
21
20

78

16
is
14
13

-12
11

EICl
U3 '

.

k

01 - -
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Single Heater Test: Predictions
Perspective Isotherms

Vertical Slice at Heater Midlength

February 17, 1997 (Day 175)

920.0 1~

280.0

9600 1
1700

s740.0i1L'



Single Heater Test: Measurements
Perspective Isotherms

Cutaway Along Heater

February 17, 1997 (Day 175)

Degrees C

220.0

180.0

200.0
750.0
140.0
130.0

T670.0
100.0
7 90.0

1200

I=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

100.0~~~~~~~~~~~~~~~~.p

I



Single Heater Test: Predictions
Perspective Isotherms

Cutaway Alongr Heater

February 17, 1997 (Day 175)

Degrees C

18000

170.0
160.0
7500
14200
730.0

120.0!100.0
90.0

70.0
6010 ( eto

50.0~~~~~~~~~~~~~~~.

30.0 jw

.:A- *A,.

2. - %



Single Heater Test: Measurements
Perspective Isotherms

100 Degree C Isotherm

February 17, 1997 (Day 175)

Degrees C

22.0

200.0
790.03
780.0 20.7 rn
170.0

750.0
140.0
130.0

730.0
120.0

80.0

60.0~~~~~~~~~~~~~~~~.

S Moo ki

40.0X >



Single Heater Test: Predictions
Perspective Isotherms

100 Degree C Isotherm

February 17, 1997 (Day 175)

Degrees C

220.
X 210.

200.
190.

170.
1610.

i. 140.

130.
120.
110.
100.
90.0
00.0
70.0
60.0
50.0

30.0

e



TMA-TC-1 A-7
Single Heater Test
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160._
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E ~~~~~~Low Permeability Model
60 -7Hg.emabltoe ..................................... ...... ^.... ..
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20
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Single Heater Test:
Displacement Comparison

for MPBX-3 on November 30, 1996 (Day 96)

. Measured
2.0 - -i- Predicted (Hi K)

1.5
CD
E

1.0

CLO) 0.5

Now E -
0.0

2 3 4 5 6
) -0.5 -Distance From Collar (Meters)

-1.0

WGNRCHT.CDR. 125.NWTRD/l -22-97 '
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YUCCA MTN HEATER TEST (GPR RESULTS)

DIFF
I

(1/15/97
2

- 8/22/9e)
3
I

0 4
I-

, . .

to
0-

o
0

ID

vi

no

10
Di -

to

ID.

'a

'a
id

to
li

in
p.Z

to

la

I.:

-02 0.3 0.8
SLOWNESS (S/M)



I

-

Borehole 16
4s

4 0

0%

0

4-

2 35)'

E
32

I

I

I

* !29/96 1 1/31/96 111896 1if13196 1118196 11/23/96 11/28/96 12/3/96

Time

Borehole 18

0

C)

L.

0~

E
C)

. .. ~~. .

*erios3.
- g!IeGS4

* * 29i9g 1 1/3196 11/8/9 11/13/96 1118/96 11123/96 11128/96 12/3190

Time



Borehole 16
120 1- - --

4" ' 00 t

*- !O

E 6
._.

.g
a) - 7

PNA F l
'-TU . .

- Sr ris s t! Suires2;- Serles2
Series3

'!29/96 11/3/96 1118196 11113/96 1/18196 11123/96 11128196 1213/96

Time

Borehole 18
.. .= _.

_-t :'.-0.

'E

Q4;

la

._

CCa

v .

-Series i

-Senes2s
| -Seules3'

!Serie41

j :.. . . , - - . . ._- - . . .- .-

29!96 1113196 11/819E 11/13196 11118196 11123/96 11/20/96 12/3/96

Time



Borehole 16 Observations

* The following volumes of water collected in zone 4:
- 5.5 Liters on November 25, 1996
- 5.5 Liters on February 4, 1997
- 1.5 Liters on February 27, 1997

* Zone 4 (before test)
- Relatively low air permeability
- Fracture at low angle lined with white mineral(s)

* Zone 4 (during test)
- Temperature and relative humidity dropped

significantly before water collection
- Air permeability was lower after water collection

TTA3*97.28 125 NWTRS PPT.3- 13.97



Geometry of the Air Injection Test
in Boreholes 16 and 18

16-1, 16-2... 18-4 - Sensor Locations

P- Packer
5.10m

ZoneG3 ,

Zone 3

16-4

P4

4.66 m



Borehole 16 Observations
(Continued)

* Comprehensive suite of chemical and isotopic
analyses are ongoing
- Preliminary data suggests water is not drilling fluid
- Preliminary data suggests water is condensate

exposed to fracture-lined minerals
- Confirms anticipated water mobilization

TTA3-97.30.125.Nrc.PPT.3-13-97



Chemistry: Single Heater Test

* Chemical sensors are faulty

* "SEAMIST" sampling pads and water samples are
primary sources

TTA3-97.35. 125.NWTRB.PPT.3- 13-97
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Chemical Analysis of 16-4 water
SHT SHT EQ3/6 Rainer Mesa

Parameter Hole 16 Hole 16 2nd J-13 G4 FractureParameter LLNL Data LANL Data Attempt (mg/L) (mgIL) Water
(mg/L) (mg/L) (mg/L) (mg/L)

Na 16 n.e. 45.8 57 35
Si 16.8 18.8 28.5 21 25
Ca 13 12.3 13 13 8.4
K 2.5 n.e. 5 2.1 4.7
Mg 1.63 n.e. 20.1 0.2 1.5
pH 6.2 6.44 7.4 7.7 7.5
HCO3 84.4 - 129 139 98
F 0.44 2.18 2.5 0.25
Cl 2.54 2.1 7.1 5.9 8.5
S 0.71
S041 1.83 1.5 18.4 19 15
P04 <0.03 <10
Nitrate <0.01
NO, 1.1 8.8
Li <0.03 0.048 0.067 __
B 0.37 0.134
Al <0.06 0.02
Fe 0.74 _

Sr 0.2 0.04
Br <0.02 0.008

-del D -98.2 .98 -103
-del O -13 -13 -13.8

TTA3.97.36.125 NWTnB.PPT.3.13.97



Schedule for the Single Heater Test

* Initiate Heating (on time)

* SHT Interim Report

* Terminate Heating (min.)

* Final Test Design and Forecast Report

* Characterization of
Thermal Test Area Report

* Heating Phase Results Status Report

* Terminate Cooling

* Submit Final Report

* SHT Final Report

August 26, 1996

February, 1997

May 26, 1997

July, 1997

August, 1997

September, 1997

February 26, 1998

June 30, 1998

August, 1998
TTA3-97.22.125.Nrc.PPT.3*13-97
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YUCCA
MOUNTAIN

PROJECT

Overview of Testing Activities

Presented to:

NRC-DOE ESF Technical Meeting, Video Conference

Presented by:

Mark C. Tynan
DOE Staff, Assistant Manager for Licensing
Yucca Mountain Site Characterization Office

U.S. Department of Energy
Office of Civilian Radioactive

March 13, 1997 WasteManagement
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Tunnel Boring Machine Progress
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Weekly TBM Advance Rate FY96/7 I
plus the running average

275

250

225

.8

4:

-
v

2

coa)

Eo
a)

E

200

175

150

125

100

75

50

25 111111;2124196 m. . , Ell II 13I 11 1 1 1 31 1 u It El 1 1 I I tIL" M 111 I 111 El 11 L 11 11 1 11 1 it H 11 11 is 11111 HA LU
11/04/95 12/30/95 02/24/96 04120/96 06/15/96 08

Week Ending

| Weekly TBM Advance FY96 -Running Average FY96

if II

V1I0/96 10/05/96 11/30/96 01/25197

- Ortly Avg. FY95



8500

7500

6500

*U 5500

4500

3500

2500

I I

-m
thptrlvMA OM fln* 4" -, 4..



-~~~~~~~~I

-------

.'T~~~~hermal Test Facility
~~ft ............... ~~~~~Planned vs Actua

2w ........I I ,

1. . , I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.........

.2 W ....... ~ ~~~~ ..............LfT

STATION § 0800 "IRS 2412-96

240 ~~~~~~~ ~~~~~~~~~METERS GainlLoss.............
meters days .....

ACTUAL 235.2 - 0 - 0 ......

TCO Taget Plan 235.2 -0- +62

-0 ......._......;

~~~~OMPWTED .-..- , . -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.. .....[~~~~.....
o%~ ~ ~ ~ ~~- .............

18'Jur,.6 ~~~*~~Feb~~e *~-Apr46:.: 23-~~~~y-0O.~~4S 15-At~~g.~~e 2e.&~~~98 07.N~~~w*6 1g~~fl~~6 30&Ja.........-...r....
21~~Mm46 ~ 13Juw-96 2~4uI46 .t7-OaI-96. :28*Iov4. O0-Jan47 20.Fe........

al Progress - CMO Project~~~on (30 Days) - Integrated Baseline Plan(Pto.........

T.123.3-13-975N~RC1NAN.PF



Target~~~~~~~~~ched~~~~~~ievs ~ ~ ~ .. ..ua..l ...j ..i .. .. ...

(EAC) (EAC) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..-.. . .... .

...... AP~~~~~~~~~~~~~~~~~~~~~ cta rort

E~~~~~~~~~byA4N~~~~~~~~~~~~~~~~~~~~~~~kIW I~~~~~~~~~~~~~~~~~

60~~~~~~~~~~~~~~~~~~~~~~~~~~~0 d

I I - I~~~~~~~~~~~~~~~~~~~~~...........
ci khI~~1IJ~iI J2ILII~~ METERS Galrdlos

~6Ap'46 ~~y48 6Augor. d2ysep9 1.ttQ 7N4 6O-00Ja?~-~i7 7 7A4 2.*~O~a~4 ~6~Jua-90 0-Jui4Q ~ B.Au~M 260qi4~. ~4~OcI-90.l44o~46. 1O~O~..9 lO~ait-O? 13-F.6 13.............
(EAC) (EAC)~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~...... .....
ACT AL19.2 -0 0............

.......... ...... V ~'~l~ v



Southern Ghost Dance.........Fault. Alcove............* 1 ~~~~~~~ .1 ~~~~~~~~~.~~~~~ - I ... .. . .. . .. . .. . ............ .. . .

200 .. ; ~ ~ ~~~~ ~~~~~~~........ .... .... ..... ........
I . .. . . . . .. . . .. . . . . . . . . .. ..L. . . . . .. . . . . . . . . .. . . . . . ..].. . . .. t . ..

. .. 8 0 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

t~ ~ ~ ~ ~ ~ ~~~~: :: O I ...............-

........................ ........................ .. .......................t40 ~ ~ ~ ~ ~ . . . . . . . . .. . . . . . ... ... .. ... .. ... ... .. ... ............ .. *.-

ReieTarget 135.0t -1.0Actua

.. . . . . . . ....



ALCOVE EXCAVATION SEQUENCING
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ELEVATIONS
(Above Sea Level)

North Portal 3,684 ft.
South Portal 3,790 ft.
Top of Mountain 5,000 ft. at Crest
Repository

North End 3,494 ft.
South End * 3,634 ft.

Water rable 2,400 ft.

i

Ground Level

Integrated
Science
Engineering
Drift N

Upper Emplacement
Block

I
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ESF - Mapping Status
As of 3/3/97 with TBM at 75-29

* Full -periphery geologic mapping completed to station 75+26
* Detailed line survey at the heading completed to station 75+32
* Stereophotography completed at the heading to station 75+46
* Completed Q & RMR to station 72+75

Completed RQD to station 75+14

PmeIlmaey Draft

NRCTYNM.PPr.123.3.134971 1



STATUS OF WORK IN ALCOVES 5, 6, AND 7*

Alcove 5 Heading FPGM DLS Photo RQD Q/RMR
Station

AOD 1+30 1+30 1+30 1+30 1+30 1+30

Connecting drift 0+40 NS 0+15 NS NS NS

Heated drift 0+60 0+39-0+60 0+22-0+60 0+60 0+40-0+60 0+40-0+60

Alcove 6 1+34 0+90 1+34 1+34 1+34 1+34

Alcove 7 1+34 NS NS NS NS NS

* As of 3-3-97

NS Not Started
Heading Station

Detailed Line Survey = DLS
Full-Periphery Geologic = FPGM

Photography = Ph
RQD Assessment = RQD

AOD = Access Observation Drift
Q & RMR Assessment - Q/RMR

NAC1YNAN.PPT.l23.3:13-i2
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Fault at Station 70+58

* Consists of a narrow, discrete zone of uncemented
fault breccia composed primarily of clayey gouge up
to 20 cm thick

* Oriented 1700/600 to 2090/81 0

* Hanging wall composed of bedded tuff unit 2 (Tpb2)

* Footwall composed Topopah Spring, crystal-poor,
middle non-lithophysal zone (Tptpmn)

Preflmary Draft

NRCMYNAN.PPT'.123.3-13-9713



Fault at Station 71+31
* Fault zone is completed obscured by tunnel and

shotcrete

* Consists of a 2-m wide zone of uncemented fault
breccia composed primarily of gravelly sand and silt

* Oriented roughly due North, dipping near vertical

* Hanging wall composed of Topopah Spring, crystal-
poor, middle non-lithophysal zone (Tptpmn), and
Topopah Spring, crystal-poor, upper lithophysal
(Tptpul)

* Footwall composed of intensely fractured Topopah
Spring, crystal-poor, middle non-lithophysal zone
(Tptpmn)

PrelIkary Draft

NRCTYNAN.PPT.123.3 13-9714



S

Generalized Cross-Section
from Station 69+50 to 72+20 (approx.)

Class I

Class 3a

Class 4 PTn - Paintbrush Tuff, nonwelded
TSwI - Topopah Spring, welded, lithophysal-rich
TSw2 - Topopah Spring, welded, lithophysal-poor

Blocky Ground
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Calculated Ground Support Class
Station 00+60 to 74+40
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Installed Ground Support Class
Station 00+60 to 74+40
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YM 13814 2111197 Examples of Ground Support
NRCIYNAN.PPT.123.3-t3.9721
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YM 13876 2/26/97 Views of the "Dip" Area in ESF Main at Station
71+30 to 71+40M after Reconstruction

NRCTYNAN.PPT.123.3-13-9722
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YM 13849 2/18/97 Views of the TBM Ahead of the Misalignment
Area at 71+36.2M

NRMtNAN.PPT.123.3-13-g723
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YM 13809 2/11197 Examples of Ground Support
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Cross Section From New Bedrock Geologic Map

WEST
Foot
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Fault

Abandoned Wash
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t
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m'
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Tiva Canyon TufO
P'rn
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Calico Hills
Prow Pass
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YM 13884 2/26197 Construction Activities at the ESF South Portal
NRC1YNAN.PPT.123.3.13.9726

0,



XW

frig Ad a,~3>v~i>,v.

.,,__q J.. --- ^__

& a

. X-J'



DOE/NRC Technical Meeting
March 13, 1997

Alcove 1 - Upper Tiva Canyon Alcove

I

NRCYNAm.PPT.123.3-13 9727



DOE/NRC Technical Meeting
March 13, 1997

Alcove 2
No additional significant testing results to report
since last update

NRC1YNAN.PPT.123.3-i3-728
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ESF Alcove 2
Bow Ridge Fault Test; two radial boreholes ~30m deep
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DOE/NRC Technical Meeting
March 13,1997

Alcove 3 = Upper PTn Contact Alcove
No additional significant testing results to report
since last update

NRCTYNAN.PPT.123.3-13a-730



ESF Alcove 3:
Upper Paintbrush Tuff Non-Welded Contact

Test of Lower Tiva hydrostratigraphic unit; two radial
boreholes 30m deep each
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DOE/NRC Technical Meeting
March 13, 1997

Alcove 4
No additional significant testing results to report
since last update

NRCTYNAN.PPT.123.3-13-g732
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ESF Alcove 4
Lower Paintbrush Non-welded Contact

Test of PTn hydrostratigraphic unit; one radial
borehole ~ 30m deep
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DOE/NRC Technical Meeting
March 13, 1997

Alcove 5
Bill Boyle is presenting status and results testing in
thermal alcove

NRCTYNAN.PPT.123.3-13-9734
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ESF Alcove 5
Thermal Test Facility
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ESF THERMAL TESTING FACILITY - GAGE INSTALLATION
ACTUAL vW TARGET GAGE INSTALLATION PROGRESS - DRIFT SCALE TEST
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YM 13823 212/97 Face of Heater Test Drift at Completion of
Excavation Alcove 5

NRC1YNAN.PPT.123.3.13-9738
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DOE/NRC Technical Meeting
March 13, 1997

Alcove 6 = North Ghost Dance Alcove Testing:

* Core Water Sampling
- No statistically significant tritium concentrations were

found

- PreMlmary Draft

NRCTYNAN.PPT.123.3-13-9747



DOE/NRC Technical Meeting
March 13, 1997

Alcove 6 = North Ghost Dance Alcove Testing:

Air Injection Testing
- Permeabilities measured in fault range 1.3 to 1 1.1

darcies
- Permeabilities outside fault measured range 0.06 to

0.63 darcies
- Fault zone permeabilities one order of magnitude >

-rock
- Rock is dryer near main trace

- Prellmary Draft

NRCMYNAN.PPT.123.3-13-9748



DOE/NRC Technical Meeting
March 13, 1997

Alcove 6 = North Ghost Dance Alcove Testing:

* Future Testing Plans
- Excavate through fault to construct testing chamber
- Geothermal logging
- Pneumatic monitoring and gas sampling
- New drill hole series
- Perform 3-d air injection and tracer tests

- PreIlmary Draft

NRCTYNAN.PPT.123.3-i349749



ESF Alcove 6
Northern Ghost Dance Fault Alcove:.
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DOE/NRC Technical Meeting
March 13, 1997

Alcove 7
- Phase I Construction completed to 1+34m
- Thermal probe hole drilling (60m deep); planned

to cross Ghost Dance Fault;
- To initiate gas pressure and temperature data

acquisition in early March
- Core to be sampled for saturation and water

potential determination
- Alcove mapping and structural assessment

progressing

- Prellmary Draft

NRC1YNAN.PPT.123.3-13-9751



ESF Alcove 7
Southern Ghost Dance Fault
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ESF Moisture Monitoring/Testing (USGS)

Purpose = Monitor water use, rock dryout, wetting effects
of exposure and ventilation

Objective = Determine net changes in moisture to use
for modeling

Instrumentation = Temperature, humidity, wind velocity, heat
dissipation, evaporation pans,
tensiometers

Calculate = Net moisture flux using water balance equation,
rock water potential, water content (in situ),
water sorption / desorption curves;
unsaturated hydraulic conductivities

- Preflimary Draft

NRCTYNAN.PPT.123.313-9753
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ESF Moisture Monitoring/Testing (USGS)
* '97/98 Program Enhancements

- Lateral diversion of water in the PTn, Phase 1
- South Ramp hydrology characteristics of rock prior to

dryout
- Percolation flux and niche studies: characterize

conditions leading to fracture flow via transient
infiltration experiments

- Prellmary Draft

NRCTYNAN.PPT.123.3i3-o9754
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ESF Moisture Monitoring/Testing (USGS):
Results:

Estimated water loss, 0.5mm/day due to ventilation
effects

30% porosity rock would dry at 2m/yr
Water balance studies in progress
Wetting in Alcove 3: moisture increased after alcove
enclosed, but neither total saturation nor drips have
been observed during testing period; basal Tiva
No dripping or running water observed to date to Sta
65+00;
South ramp wet spot likely not fully saturated. Niche
studies are to characterize conditions required to
induce dripping from fractures

- Prellmary Draft

NRCYNA.PPTr123.3-13-g755
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C-Wells Reactive Tracer Tests (LANL):
* Multiple paths observed
* Matrix diffusion observed in all paths
* All pathways with matrix sorption of Li+
* Li sorption field and lab studies in agreement
* SZ transport conceptual model validated for

Bullfrog (dual porosity, matrix diffusion, sorption in
matrix and fractures)

* Diffusion and sorption are effective retardation and
dilution mechanisms

- Prelmary Draft
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YM 13775 1124197 Tracer Injection System at C-wells
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C-Wells Hydrologic Testing (USGS):
- Hydraulic testing conducted 95 to present, short

and long term pump testing in Bullfrog - Tram units
- Tracer testing in 96 to present; Bullfrog - Tram

testing progresses, Prow Pass test planned for 1997/98

Results
Fracture porosity 8.6% to 0.6%
Matrix porosity -3% to 19%
Longitudinal dispersivity 8.68' to 20.75'

('10:1 to 20:1 longitudinal to latitudinal
dispersion, i.e.., a 5 km plume down gradient
would have dispersed only 500m laterally, but based on
30m separation of test wells)

Drawdown observed in farfield wells
Pre!imary D1ft

NRCTYNAN.PPT.123.3-13.9758
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Breathing Fracture:
- Station 74+37; right spring line
- Located statigraphically at very top of Topopah
- Aperture of 10cm
- Breeze strong enough to blow out a match during

onset of atmospheric high pressure
- Tunnel cover/overburden lIOOm

* Testing Program
- UZ hydrology team has instrumented fracture and

surface; monitoring (PT, humidity) both locals

- Preilmary Draft

NRMNAN.PPT.123.3-13.9759



Three South Ramp "Breathing" Fractures

X | T

Station

74+20.78

74+36.60

74+36.86

Strike

206

200

170

Dip

82

78

64

Trace
Length
1.69m'

2.18m

0.52m

. "

i Infilling

none

Calcite-2mm

Calcite-2mm

Aperture

25mm

30mm

25mm
. . .

- - I

All are in the top of the densely welded Topopah Spring, Specifically the crystal-rich,, vitric
zone (Tptrv), just below the PTn.

I
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Ranges of Cover Over the Upper Repository Block
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Ranges of Cover Over The ESF

'p;~4

q1~

C 5!0m 1000m 1500m 2000m 2500m 9

ESF NORTH RAMP a

05

X 3000m 3500m 4000m 4500m 5000m 5500m >.
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a ILEGEND I M
Cover Ranges:

250 to 300 m
200 to 250 m
150 to 200 m
100 to 150 m
50 to 100 m
0 to 50 m
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6000m 6500m 7000m

ESF SOUTH RAMP
7500m AD

CZ;

X tOVMCD.1StMA-23-9 62



DOE/NRC Technical Meeting
March 13, 1997

* SD6 Borehole
- Located on crest of Yucca Mountain at previously

proposed site for SD6IH7 borehole
- Drill to total depth taking only cuttings and sidewall

samples; no core
- Geophysical loging suite, UZ and SZ runs
See prognosis and location map

* Purposes/Objectives
- Obtain stratigraphic, hydrologic, rock properties data
- Permits model validation

- PreFlmury Daft

NRCTyNAN.PPT.123.3-13-9763



Availability of
Site Characterization Boreholes

NOTE:
*G-5 BOREHOLES DISPLAYED

OWT-6 ARE >200', UZN BOREHOLES
NOT INCLUDED

G-2

A WT-24

*WT-16

I
N

*WT-23

AUZ-14
*G-1 H-1
_m __

*WT-18
WT-9a

:NRG-2abcd
ANRG-1

*H-6
WT-5
* a WT-14

* WT-21

OWT-7
SRG-1

* WT-1 a STC-3
STC-1,2

*G-3, G-U3
* UZ-13

* WT-10
* WT-17

* WT-13

G-6

* Pre - 1992

A 1992- 1995

* 1996 - 1997

* 1998-2000
YEARGRP.123.CDRF2-6-96

* WT-12
a WT-11
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Prognosis: USW - SD6
GL=TBD spud 1997 TBD

T.D. 1997 TBDPTD _ 2500' + TBD

:feet I Weling I rField (informal)
Uthostratigraphic Units

TP
Depthi

C

0
0

cm

co

i

R
02

Alluvium . o
crystal rich units
upper lithoPYsal
middle non lithopysal
lower lith/lower non lith
vitric units/tuffs 485'

Yucca Mountain
Pah Canyon TufO (absent)

547.
Uppervitr. 667'
Tptpul

847'
Tptpmn

1009'
TptpII

- 1299'
Tptpln

1474'
Tptpv3

- 1523' -

Tptpv2
1570' -

Calico Hills Fm.
1751' -

Prow Pass Tuff
-2150'

Bullfrog Tuft
-2424'

Tram Tuff
99150' &

Paleozoic 9869

I

Fractures/1 O'
25 &O 10D 5

I I I
100

200

300

400

500

600

S",,
700

800

N 900

1000

1100

1200

1300

q

1400

1500

_LIL
1600

1700
-

Paleozoic Predictions: LEL, ISMIZ0\

Paleozoic will not be
penetrated by borehole
Static Water Level . 2410'

A2157
| Bullfrog

S. sWLu
2410'
2430

Tram

PTD 2500'
in Tram

P.

P.

Alluvium KEY
Partially Welded

3 9 Moderately Welded
-~ _ Densely Welded

Vitrophyre
Bedded TufF
Nonwelded

GWT GroundwaterTable

I

(For Information Purpoees Only)

65



DOE/NRC Technical Meeting
March 13, 1997

Natural Resource Update
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I

Resources report title author current status publication
Issue of review plans

Geothermal Geothermal Thomas Flynn, Paul 1995. Nevada Bureau of
Resource Buchanan, Dennis Accepted by DOE Mines and Geology,
Assessment of the Treader, Usa review. Open-file Report 97-
Yucca Mountain Shevenell, and Larry ?, chap. 2.
Area, Nye County, Garside
Nevada

Industrial Assessment of Stephen B. Castor, 1995. Nevada Bureau of
Industrial Minerals and David E. Lock Accepted by DOE Mines and Geology,

Rocks and and Rocks In the review. Open-file Report 97-
Minerals Controlled Area, ?, chap. 3.

Yucca Mountain Site
Characterization
Project

Metallic Assessment of Stephen B. Castor, due 3128197 as Level Nevada Bureau of
Metallic and Mined Larry J. Garside, 4 deliverable. Mines and Geology,
Energy Resources In Joseph V. Tingley, Open-ffie Report 97-
the Yucca Mountain Daphne D. La ?, chap. 4.
Controlled Area, Pointe, Mario 0.
YuccaMountain, Nye Desilets, Uang-Chi
County, Nevada Hsu, Patrick M.

Goldstrand, Thomas
P. Lugaski, and
Howard P. Ross

Mined Energy as above as above as above as above

Hydrocarbon Hydrocarbon Don E. French due 4/ 1/97 as Level Nevada Bureau of
Assessment of the 4 deliverable Mines and Geology,
Yucca Mountain Open-fie Report 97-
Vicinity, Nye County, ?, chap. 5.
Nevada

Water Assessment of the Chuan Mian Zhang, due 312817 as Level Nevada Bureau of
Water Resources of Robert Young, 4 deliverable Mines and Geology,
Yucca Mountain, James Booker, Open-fle Report 97-
Nye County, Nevada Garth Taylor, and chap. 6.

Keith Little

Synthesis Natural Resources Jan C. Rasmussen due 6/2/97 as Level Nevada Bureau of
Final Report 3 deliverable Mines and Geology,

Open-file Report 97-
?, chap. 7.

Surface Markers Feasibility Gregory Fehr, finished 9/30/96, none
Assessment for Thomas Flynn, 59 pages
Permanent and William accepted by
Surface Marker Andrews DOE review
Systems at
Yucca Mountain
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Deliverables
(2nd & 3rd Quarter)

..,
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LEVEL 3 DELIVERABLES DUE 12/1198 - 311W97
WBS Elements 1.2.1 thru 1.2.5 j
Sorted by Basline Due Date

Was Del U Deliverable Descript_ o Baseline TPM Rcvd
122.3.3 WP233735 EBSWP Parts List 12113196 1212196

1.2.4.2 RP120MG1 VA Design & Review Plan 12/31196 12120M96

1.2A.6 RP242CM Operatiorn Stalm Letter Report 129 12031M

1.2.5.2.4 PRISM3 Submit Semi Annual Progress Rpt 15 for Review _ 1/8197

1.22.5.1 WP61607 Int of Rel Humidt Chamber Corr Tests 1M13197 1116W

12.5.2.1 SL21M3B 2nd Querterly Regulstory Interaction Summary Rpt 1__ 1/14/97

12.5.2.1 S3121M3C Semi-Annrul S/C Activities Open Item Sttus Rpt 11M5/97 1114197

1.2.2.5.1 WP280 hilt of Ablofic & Bloti MIC Tests 1/1697 11M/97

1.2.25.1 WP"0703A Intiion of Crack Growt Rat Testing 1M16/97 12181"9

1.23.14.1 SP9901C3 Lb to Recomm initiation of HeUp Cycle of LBT 1/27/97 1/24/97

1.2.4.6 RP243AMA Wast Handling Systems Confg 1130/97 1/30/97

1.2.2.5.1 WP26402 hilt of LT Controlld Electrochem Pot Tests 2M1097 211197

1.65.4A SLX03DI Submit SZ Flow Model Wkshop Documentaton 21119197 NA

12.4.2 SL208DM Submit WP Dered AbstTest Wkshop Results 2/24/97 NA

1.2.54.4 SLXO1DM Submit VA UZ Flow Model AbstrfTest Wkshop Doe. 2/27/97 NA

1.322.1.2 SPG42AM3 Rpt Geo North/South Main Drf Stt 28+00 toSS.00 2/2897 NA

12.3.2.2.1.2 SPG42BM3 Ltr Rpt Goeo S.R. Sta 55+.00 to STA 63+47 2/28/97 NA

1±.3.9.5 SP238M3 Updated integratd Ste 3-D Geo Framewo Model 2/29 NA

1±2.5.1 WPO.5A3 Engr. Math. Char. Rpt Rev 1 2/28 NA

1.2±5.10 BMAOSA New version of MANICURE wsoc doc and demo of totl systm 3/1M97 NA

3/3/g7 Pa0p t Excerpted fEr m Janumary PACS dale



LEVEL 3 DELiVERABLES DUE 3/119 - 6/i/97
WBS Elements 1.2.1 thu 1.2.5
Softd by Basline Due Date

WBS Dal S Deliverable Description Baseline TPM Rcvd
1.2.L10 BMAOA New version of MANICURE wassoc doe and deno of total systen 3/i/97 NA

12.1.2 SE422M3 GODS Requirements Document 313197 MA

1±.3.3.12.4 SP360SM3 Initiate South GDF Testing Geotemnal Borehole 33197 NA

12.3.3.12.3 SPH223M3 Main Drift Hydrology Report 3114197 NA

1±.10.2 5M141M3 Identify Records Reprocessing Location 3114197 NA

156.4.3 SLXOM Submit Themohydiolog Md AbstiTfest Wkshop Doc. 3118l9T MA

1.L3.3.1.2.4 SP3600M3 initiate North GDF Alcove Teting 3/19197 MA

12.3.9.5 SPT22M3 (YAR) Updated 3-D Integrated Site Model (iSU2.0) 328197 A

125.3.6 SLTDM3 Submit Geographic Information CD to YMSCO 3131197 NA

12.1.6 SE200M3 Complete Throughput Study 3/3197 NA

1.24.T RP120M3E Subsurface EBS Design 3/31197 NA

1±.1.5 SE440M3 Waste Isolation Req'mt Study Report 411/97 NA

1±4.7 RP120M3F Perforrawc Confirmation Design 411197 NA

1.2±4A1 WP003SA3 Waste Form Char. Rpt. Rev.i 48/97 NA

1±.5.1 SL21M3D 3rd Quarterly Regulatory Interaction Summary Rpt 4/16/97 NA

1±.1.5 SE46M3 Ral Corrid Evaluation Report 4197 NA

12.1.6 SES02M3 Retrievability Study - VA Rpt. 413097 A

1.2A6 RP247M3 Engineering File for NEPA 413019T NA

1254 SLX05DIA Submit Transp. Model Wkshop Documentation 4/3097 NA

1.2.3.2±1.2 SPG32M3 Rpt: ULiotratl d Frac Data, UZ Hydro Flow Mdl 4130/97 NA

1.2.1.10 PD121D7303 Approach to Incorp.Plut.Waste Ifto FWMS 43097 NA

1.6.10.2 BA065B Develop semiautomatic tools or Increasing percentage of pages in the greater than 99 5/1/97 NA

15.L4.2 SL2iCDO Submit Wi Mobil. AbtriTesting Workshop Doc. 65/197 NA

3/397 Page 1 Excerpted from January PACR data
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LEVEL 3 DELVERABLES DUE 311197 - 611197
WBS Elements 1.2.1 thmu 1.2.5
Sorted by Baseline Due Date N

Was DelU Delverable Descrptio Beseno TPU Rcvd
1.2.3.14.2 SP9200M3 Ur Rpt: Recornm Ending Daft of Single Kbe Test M3w NA

1±..5 SE506M3 Seas St Report NA

1.4.6 RP243AMB Wast Handintg a Cosk Malnt 630197 NA

1.2.5.7 SL5X4B1M Submit UZ Flux Uncertainty Chit.. to Rpt 5130197 NA

wifur Page 2 Excerpted from January PACS data
-71 I -
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ESF TUNNEL STRATIGRAPHY*

STATION

0+00 to 0+99.5m

0+99.5 to 1+90m

1+90 to 1+99.5m

1+99.5 to 2+02m

2+02 to 2+63.5m

2+20

2+63.5 to 3+33m

3+33to 3+49.5m

3+49.5 to3+59.5m

3+59.5 to 4+34m

4+30m

4+34 to 4+39m

4+39 to 5+53m

5+50m

5+53to 5+87m

Tiva Canyon crystal poor upper
lithophysal zone.

Alcove #1 (centerline station intersection):0+42.5

Tiva Canyon crystal poor middle
nonlithophysal zone

Alcove #2 (centerline station intersection): 1+68.2

Tiva Canyon crystal poor lower
lithophysal zone.

Bow Ridge Fault Zone (placing Pre-Ranier Mesa Tuff against
Tiva Canyon Tuff)

Pre-Ranier Mesa bedded tuffs

Fault (4.3m offset)***

Tuff "X"

Pre-Tuff "X"

Tiva Canyon crystal rich vitric zone

Tiva Canyon crystal rich nonlithopysal zone

Fault (-lOm offset)***

Tiva Canyon crystal rich lithopysal zone

Tiva Canyon crystal poor upper lithophysal zone

Fault (-5m offset)***

Tiva Canyon crystal poor middle nonlithophysal zone
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ESE TUNNL STRATGRAPHY CNTINTIE

STATION

5+87 to 6+17m

6+17 to 7+77m

7+00m

7+77 to 8+69m

8+69 to 8+72.5m

8+72.5 to 8+73.5m

8+73.5 to 9+12m

9+12 to 10+20m

10+20 to 10+51.5m

10+51.5 to 12+00m

12+00 to 17+17m

17+17 to 17+97m

17+97 to 27+20m

27+20 to 63+08m

35+93m

Tiva Canyon crystal poor lower lithophysal zone

Tiva Canyon crystal poor lower nonlithophysal zone

Fault (-20m? offset)***

Alcove #3 (centerline station intersection):7+54.

Tiva Canyon crystal poor vitric zone

Pre-Tiva Canyon bedded tuffs

Yucca Mountain Tuff

Pre-Yucca Mountain bedded tuffs

Pah Canyon Tuff

Pre-Pah Canyon bedded tuffs

Alcove #4 (centerline station intersection): 10+27.8

Topopah Spring crystal rich vitric zone

Topopah Spring crystal rich nonlithophysal zone

Topopah Spring crystal rich lithophysal zone

Topopah Spring crystal poor upper lithophysal zone

Topopah Spring crystal poor middle nonlithophysal zone

Alcove #5 (centerline station intersection):28+i27

Sundance fault (most prominent fault plane, minor fracturing
reported between Stations 35+85 and 36-40)

Alcove #6 (centerline intersection): 37+37

Alcove #7 (centerline intersection): 50+64
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RSF TUNNELSTPATIGRAPY CONTINUE*

STATION

57+30

63+08 to 64+53

63+25

64+53 to 65+13

65+13 to 65+23

65+23

65+23 to 65+35

65+35 to 66+35

66+35 to 66+40

66+40 to 66+98

66+98 to 67+26

67+26 to 67+62

67+62 to 67+70

67+70 to 67+88

67+88 to 67+91

67+91 to 68+47

68+47 to 68+85

68+85 to 69+84

Splay of the Ghost Dance Fault - Offset is approximately 2 meters

Topopah Spring crystal poor upper lithophysal zone

Fault with the offset estimated as 3.8 meters

Topopah Spring crystal rich lithophysal zone

Topopah Spring crystal rich nonlithophysal zone

Fault

Topopah Spring crystal rich lithophysal zone

Topopah crystal rich nonlithophysal zone

Topopah Spring vitric zone

Pre-Pah Canyon bedded tuffs

Tiva Canyon crystal poor vitric zone

Tiva Canyon crystal poor lower nonlithophysal zone

Tiva Canyon crystal poor vitric zone

Tiva Canyon crystal poor lower nonlithophysal zone

Dune Wash fault (offset is greater than lOrn)

Topopah Spring crystal poor upper lithophysal zone

Topopah Spring crystal rich lithophysal zone

Topopah Spring crystal rich nonlithophysal zone
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ESEATUNNELdSTRATOGRAPHY CONTINTJED-*

STATION

69+84 to 69+96 Topopah Spring crystal rich vitric zone

69+96 to 70+58 Bedded tuffs

70+58 Fault (Offset greater than 10 meters)

70+58 to 71+68? Topopah Spring crystal poor middle nonlithophysal zone

71+31 ? Fault

71+68 to 73+46? Topopah Spring crystal poor upper lithophysal zone

73+46 to ? Topopah Spring crystal rich lithophysal zone

? to ? Topopah spring crystal rich nonlithophysal zone

? to 74+30? Topopah Spring vitric zone

74+30 to face bedded tuffs

Note: Starting at station 57+02 and ending at 59+80, the crystal poor lower lithophysal zone is
exposed in the lower portion of the tunnel (below springline).

* All stations given are referenced to the right springline unless otherwise noted. Station
0+00 is located at coordinates N765352.7, E569814.4.

? Indicates that contact is preliminary and has not been verified by USGS geologists.

*** Only significant faults are noted on the table.
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36CI Studies

No bomb pulse chlorine has been detected in any
of the 53 samples collected and analyzed beyond
ESF station 45+00. The Study seems to document
that fast paths exist; they are associated spacially
with fault features, but not coincident with faults in
all cases.

N NAN.PPT.123.3-i-9776,
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Retrieval

Presented to:
DOE-NRC ESF Technical Meeting

Presented by:
Paul Harrington
DOE Team Lead for License Application

March 13, 1997
U.S. Department ofEnergy

* Office of Civilian Radioactive
Waste Management



Regulatory Requirement

I OCFR 60.11 1 (b)

* GROA Design must preserve option for waste
retrieval during waste emplacement period and
completion of performance confirmation program

- Any or all waste could be retrieved on a reasonable
schedule starting at any time up to 50 years after
waste emplacement begins,

2 ,,'
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Retrievability Design Impacts

* Subsurface Layout
* Emplacement Mode
* Emplacement & Retrieval Equipment
* Remote Systems Design
* Ground Support Systems

3



Retrieval Issue Description

* Development of a retrievability strategy to
IOCFR60.1lIb

* Credible off-normal scenarios are currently being
considered as part of waste package movement )
design

* The proof-of-principle aspects of retrievability must
be addressed

* The emplacement drift environment of high heat and
radiation, and the size and weight of the waste
packages and the long retrievability period add to
the complexity of the retrievability issue.

4 ,
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Current Status

* The FY97 scope of work includes an engineering
study to develop a retrieval strategy.

* As part of the VA design, equipment concepts are
being developed to meet various waste package
movement off-normal scenarios. The DBE study will
provide further input in this area of design.

* The remote system control and communications
systems for retrieval equipment are also being
analyzed.

5



Current Status (continued)

VA design changes to the ACD repository layout and
emplacement method that make retrievability more
credible include:

* retrieval from both ends of the emplacement drifts,
enhanced ventilation system with a central exhaust
air main

* gantry emplacement of the waste packages onto
pedestals.

6 ,'I?
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Current Status (continued)

! The current VA design for gantry emplacement
supports retrieval on a when and as needed basis.

* The need for monitoring requires periodic access
into the emplacement drift and to maintain a
continuous retrieval option requires an intact access
system (such as gantry rail, power, control systems,
and gantry) and a stable drift ground support.

* The same equipment can be used for both
emplacement and retrieval, for normal conditions
retrieval is essentially the reverse process of
emplacement.

7
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Conceptual Repository Layout
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LIFTING HEAD TROLLEY

STRUCTURAL FRAME

HOIST DRIVE
(TYP FOR 4)

4 .

I

i.

I.

i:

W.

I ,

I

HOIST FRAME

LENGTH ADJUSTMENT SCREW

STRUCTURAL FRAME (CUT AWAY)

PERSPECTIVE VIEW
NO SCALE

HOIST FRAME SHOWN IN HALF
RAISED POSITION



Gantry Transporting Waste Package

Waste Package On Waste Package On Emplacement Gantry
Support Pedestal Support Pedestal With Waste Package

.X 4 .
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Current Assumptions

* The repository will be designed for a retrievability
period up to 100 years after initiation of
emplacement.. (Note: This is twice as long as
1 OCFR60.1 11 (b))

* Retrieval of emplaced waste may be performed for
the following reasons

Failure in site, waste package, or some
other system causing an unreasonable risk
to public health and safety

8



Current Assumptions (continued)

The determination that recovery of valuable
resources from the spent nuclear fuel is
necessary

* Proof of principle demonstration if necessary for
waste package retrieval will be conducted following
license application.

* Specific design and procedures for retrieval will be
performed when, and if, retrieval of the waste
package is directed.

9



Design Events To Be Evaluated

* Ground support failure resulting in damaged waste.
packages, and damage to the gantry rail, invert, and
waste package support structure.

* Minor ground support failure resulting in debris on
waste packages and gantry track and power supply
system would impede retrieval.

* Failure of control systems would impede retrieval
although backup systems and equipment will be
available to handle such situations.

* Leaking waste packages contaminating the
underground facilities would impede recovery,

I 0(/
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Off Normal Scenarios That May
Necessitate Retrieval:

* WP Transporter Derailment

* Rock and Ground Support Collapse on WP

* Non Mechanistic Flooding

- Loaded Gantry Failure

11
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Remaining Resolution Items

* DBE Study to identify events with a potential to
disrupt normal retrieval operations. FY97 & 98

* Design analyses to develop methodologies and
equipment for handling off-normal situations. FY97
& 98

12
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Plan To Close Issue

The systems engineering study will describe the
strategy for retrieval and analyses will provide a
preliminary design of waste package transportation
system, the mechanism for loading and unloading
waste packages, the emplacement gantry - also used
for retrieval, and the subsurface layout and facilities
design. Other analyses will address ventilation and
retrieval scenarios.

13



Plan To Close Issue (continued)

* VA design during FY97 and FY98, will develop the
strategy for retrieval, and retrieval equipment and
remote handling systems.

* VA design will also address retrieval under off-
normal conditions, in such cases special recovery
equipment may be required. The following table lists
the tasks, including analyses and studies, that will
be performed to develop a viable retrieval approach.

14 ,'
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Title Description ECD

A Systems Engineering study to examine retrieval issues and 4/9
Retrievability develop a retrievability strategy with sufficient detail to support
Strategy Report development of the License Application Plan. The study will

provide input to the FY 97 repository retrieval design for Viability
Assessment.

Waste Package Develops system for transporting waste packages from surface to 8/97
Transport and the subsurface emplacement horizon and emplacing in the
Emplacement emplacement drifts. Normal retrieval is considered a reversal of
Equipment the emplacement process.
Analysis

Repository Develops subsurface layout configuration for the emplacement
Subsurface drifts, access ramps and mains, and ventilation openings. Layout 3/97
Layout development addresses constructability, waste package
Configuration transportation and emplacement, and retrieval.
Analysis

Equipment for Develops preliminary equipment description for recovery of waste
Waste Package package, waste package transporter, and retrieval gantry involved 7/97
Retrieval in off-normal situations.

* 15



Title Description ECD
Perform analysis that establishes normal ventilation conditions 5/97

Sub Surface and system capacities as they apply to normal operations and
HVAC Analysis retrieval processes.

Airflow Control Determine the quantity and type of airflow control devices to be 3/97
Analysis used under normal and retrieval conditions to allow for altered

airflow scenarios.

Near Field Develop a description of the near field conditions that could be
Design Analysis expected during the retrieval process. This provides input for 8/97

equipment evaluation and performances.

DBEIScenario Develops the scenarios under which retrieval would be performed.
Analysis This includes evaluation of package spacing, waste type, 3/97

temporary redistribution of waste packages, and logistics for the
retrieval process.
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N
Title Description ECD

Retrieval Develop the scenarios under which retrieval would be performed. 3/98
Scenario This includes evaluation of package spacing, waste type,
Senalsis temporary redistribution of waste packages, and logistics of the
Analysis retrieval process.

RH&C Prepare a description of the Remote Handling and Controls
Description equipment that is envisioned for the emplacement equipment.

These same controls will be utilized in the retrieval equipment, and 10197
Document will serve as input to the retrieval equipment design.

Develop drawings and outline specifications that depict and
Retrieval describe the equipment to be utilized under the expected retrieval 10/97
Specifications conditions and scenarios. These products are preliminary in

nature, not to be used for procurement of fabrication, and will
serve as input to detailed design for the following design phase.

Enhance the design of the major retrieval equipment items to
Refinement of address remote handling and control, and special handling 6/98
Equipment scenarios developed under RP47500.
Description

17
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FUTURE FOCUS OF QUARTERLY TECHNICAL MEETING

OBJECTIVE: Timely, clear information exchange with NRC

CURRENT STATUS:

PURPOSE: Status construction and testing work in ESF and surface-based testing

SCHEDULE: Quarterly

FORMAT: Videoconference

TITLE: ESF Technical Meeting

PROPOSED ENHANCEMENTS:

PURPOSE:
Provide status and progress made since last update for construction,

design, and testing (including surface, subsurface, and laboratory)

Include repository related activities and update of design status

Involve other technical disciplines as necessary (e.g. performance
assessment)

SCHEDULE:
Remain quarterly

Flexible agenda to include other areas of design or related topics
(e.g. waste package issues, links to and feeds from performance
assessment)

Flexible meeting length to allow discussion

FORMAT:
Continue to use videoconferencing, but consider scheduling periodic

face-to-face interactions -

TITLE:
Change title of meeting to reflect broader technical agenda and

change in focus of current work

Rename "Quarterly Technical Meeting"
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