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CENTER FOR NUCLEAR WASTE RECULATORY ANALYSES ,

Washington Office

MEETING / TRIP REPORT

November 5, 1993

SUBJECT: NRC Clobal Positioning System (GPS) activities in the Yucca
Mountain region under direction of G. Birchard (NRC) and B.
Wernicke (CalTech) - CNWRA participation in collection of
data from sites at and near Yucca Mountain and along the
Hunter Mountain and Northern Death Valley (right-lateral
strike-slip) fault zones

DATE and PLACE: October 1S-21, 1993 - Yucca Mountain and Region West of
Yucca Mount:ain, Nevada / California

AUTHOR: G. Stirewalt

PERSONS PRESENT: ,

NEQ Others

G. Birchard California Institute of Technology (CalTech) - B. Wernicke,
.

,

K. Snow & two graduate student assistants
'

Smithsonian Institution Astrophysical Observatory, Cambridge,
Massachusetts - J. Davis & two post-doctoral researchers

University NAVSTAR Consortium (UNAVCO), Boulder, Colorado -
B. Baker & one assistant

BACKGROUND AND PURPOSE:

As indicated by the favorable and potentially adverse conditions specified in 10
CFR Part 60 under 60,122(b)(1) and 60.122(c)(11) through (15), regulatory
concerns exist about Quaternary' deformation (faulting and seismotectonics) and
igneous (tectonovolcanic) activity at the potential high-level radioactive waste
site at Yucca Mountain. To analyze the contemporary strain history of the region
around Yucca Mountain and understand its importance for control of faulting,
seismotectonic, and tectonovolcanic activity, funding has been provided directly |'

to B. Vernicke from NRC Research under a project managed by C. Birchard.

This project is organized to conduct GPS surveys in a tectonically active region ,

of the Basin and Range which includes Yucca Mountain, the Northern Death Valley
fault zone, and the Hunter Mountain fault zone. The northwest-southeast-trending
Northern Death Valley fault zone lies northeast of Cottonwood Mountains in this
tectonically complex region,and the subparallel Hunter Mountain fault zone bounds
the Cottonwoods on the southwest (Snow and White,1991) . Both fault zones exhibit
right-lateral strike-slip displacement and occur within the Death Valley , region
- an area considered to be the most strongly extended region in U.S. Cordillera
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characterized by right-lateral shearing with accompanying vertical-axis rotation
of adjacent major blocks like the Black Mountains (Holm and Others, 1993) and
possibly Bare Mountain (Snow and Wernicke, 1988; Holm and Others, 1993).

The purpose of the NRC-funded GPS effort is to acquire data across the_ Hunter
Mountain and Northern Death Valley fault zones and in the vicinity of Yucca
Mountain to ascertain the contemporary strain history (patterns and rates) of
this region. The simplified sketch map of Figure 1 illustrates the position of
the survey stations relative to these two fault zones and to the Bare Mountain

.

fault. The GPS surveys are expected to provide reliable information on
contemporary strain in this region in less than a decade, with detection limits
for horizontal motion in the range of millimeters. The general procedure
involves periodic measurement of the survey stations to determine their exact
positions using satellite signals. Consequently, any contemporary tectonic'

movement can be detected and rates and patterns of the strain can be determined.4

This type of information will provide important input for alternative tectonic
models of the Yucca Mountain region to be constructed by CNVRA and NRC staff
members during prelicensing and license review for assessing information and
models provided by DOE in relation to tectonic, seismic, and volcanic activity.
Data acquired by continuation of this activity should prove important for evalu-
ating potential hazards due to fault rupture , earthquakes , and igneous activity.
Key technical uncertainties (KTUs) addressed by this effort are related to the
following potentially adverse conditions specified in 10 CFR Part 60:

60.122(c)(11) - KTU is " development and use of conceptual tectonic models.

for structural deformation" - License Application Review Plan (LARP) Review ;

Plan 3.2.1.5 (NRC, 1993).

60.122(c)(13) and (14) - KTU is " correlation of earthquakes with tectonic.
'

features" - LARP Review Plans 3.2.1.7 and 3.2.1.8 (NRC, 1993).

60.122(c)(15) - KTU is " development and use of conceptual models as related.

to igneous activity" - LARP Review Plan 3.2.1.9 (NRC, 1993).

CNWRA involvement in this on-going, NRC-funded GPS activity is part of the Task ,

4 FY94 field efforts outlined in the CNWRA Tectonics Research Project Plan (Young
and Stirewalt, 1993). Based on consideration of the three KTUs related to
tectonic features and models stated above, the CNWRA tectonics research project
is organized to specifically support assessment and development of alternative
regional tectonic models and structural models of faulting and associated
deformation at Yucca Mountain. Participation by CNVRA staff in the GPS data
collection effort provided direct knowledge of the method, immediate information
on exact station locations, and a better understanding of the goals of the CPS

activity - an effort at the forefront of contemporary strain analysis and
essential for understanding how strain is partitioned in the region of study.
Additional constraints for alternative tectonic models should be provided by the
GPS effort, such that the specified KTUs can be better addressed.

.

Survey stations were first selected and data collection begun by B. Wernicke and
, his team in October 1991 No data were collected in 1992 for reasons that were

not specified, although the current plan is to start annual collection of data
beginning with the present 1993 survey campaign. Stations for the campaign
utilized either previously-surveyed USGS benchmarks or newly-surveyed points .

. 3
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Figure 1. Sketch Map Showing Locat Aon of GPS Stations for October 15-19 Campaign
Relative to Select Major Faults in the Yucca Mountain Region. Traces of Hunter
Mountain and Northern Death Valley Fault Zones after Snow and White (1991).
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placed by CalTech staff in 1991 under the direction and supervision of B.
Wernicke. The stations occupied during this survey campaig;n, the same as those.

occupied in 1991, are listed below. Latitudes, longitudes, and particularly
elevations are closely approximated values read from the receiver in the field.
These values may be refined upon final processing of data by J. Davis at the
Smithsonian Astrophysical Observatory. J. Davis and his staff are currently
processing all survey data for the CPS project. >

(1) Stations along the Hunter Mountain fault zorte

" Lee Flats" - west side of fault
latitude 36* 29' N, longitude 117* 37' W, elevation 1700m.

" Flats" - west side of fault
latitude 36' 31' N, longitude 117' 34' W, elevation 1900m.

" Jackass" - east side of fault
latitude 36' 32' N, longitude 117' 33' W, elevation 1900m.

" Hunter" - east side of fault
latitude 36* 34' N, longitude 117* 29' W. elevation 2000m.

(2) Stations along the Northern Death Valley fault zone

" Tin Pass" - west side of fault
latitude 36* 52' N, longitude 117' 30' W, elevation 1500m.

!" Sandstone" - west side of fault
,

latitude 37' l' N, longitude 117* 27' W, elevation 700m.

" Grape" - near fault
latitude 37' 0' N, longitude 117* 22' W, elevation 700m.

" Nevada 1" - east side of fault
latitude 37' 4' N, longitude 117* 17' W, elevation 1200m.

" Dant.e" - east side of f ault along the Black Mountains front

latitude 36* 14' N, longitude 116' 44' W, elevation 1664m.

(3) Stations in the Yucca Mountain vicinity
i

"Glaim" - on Bare Mountain, west of Bare Mountain fault

latitude 36' 53' N, longitude 116' 41' W, elevation 1400m.

" Black" - near Black Cone, east of Bare Mountain fault
latitude 36' 49' N, longitude 116' 34' W, elevation 1000m.

" Mile" - crest of Yucca Mountain
latitude 36' 50' N, longitude 116* 28' W, elevation 1500m.

,

i

"67TJS" - near Fortymile Wash, east of Yucca Mountain
latitude 36' 49' N, longitude 116* 24' W, elevation 1000m. i

- 5-
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"Wahomie" - east of Yucca Mountain
latitude 36' 47' N, longitude 116' 22' W, elevation 1100m.

,

Station " Nevada 1" was measured daily as the tie-in station for this survey

campaign.

SUMMARY OF PERTINENT POINTS AND ACTIVITIES:

October 15 (Friday) - Training Day on Use of the GPS System in Beatty, Nevada ;

Survey teams were formed and thoroughly trained by B. Baker (UNAVCO) in use of;

the GPS system. Details of this training are too lengthy to be presented in this
;

! trip report. However, topics covered during the daylong training session
included all aspects needed to set up equipment (receiver, tripod-mounted
antenna, battery power supply), conduct the survey and assure data were being- ,

acquired, break down the equipment, charge the battery power supply (a necessary
task each evening), and download the daily records from the receiver computer to
floppy dise (also a necessary task each evening to assure that no data were
lost).

We were instructed to apply an elevation mask of 15 degrees, so that no
satellites below that " elevation" were used in this campaign. We were also
informed that daily surveys were to be conducted at each station during an 8-hour
period from 9:30am until 5:30pm to make optimal use of available satellites. The
measurement interval was to be set for 30 seconds for all surveys. Attachment
1 presents a complete list of equipment required for setting up a station and .

collecting GPS data. It specifies names of manufacturers and model numbers for .
the equipment used during this survey campaign. Attachment 2 is a sample daily
observation log which indicates information recorded during a survey. Attachment*

3 is a sample form for d'seription of the GPS stations.

October 16 (Saturday) - Deployment of Survey Teams to Stations along the Northern
Death Valley Fault Zone

.

Teams were deployed to the following stations along the Northern Death Valley -

fault aone: Tin Pass, Sandstone, Grape, Nevada 1,. and Dante. I worked at the

Dante station with P. Elosegi, a post-doctoral researcher from Spain currently
!working with J. Davis at the Smithsonian Astrophysical Observatory.

We departed from Beatty at dawn in order to reach the Dante station in time to
conduct a full 8-hour survey. However, due to driving time to the station from
Beatty (about 1-1/4 hours) and time involved in moving equipment from the vehicle
to the station across a rocky trail, we were set up and running about one hour
late (i.e., 10:30am rather than 9:30am as we had hoped) . The station was

positioned atop volcanic rocks capping Dante's View. Data were successfully
collected for a full 7 hours at this most spectacular location overlooking the

deepest part of Death Valley - Badwater at an elevation of about 282 feet below
sea level; roughly 6000 feet below the elevation of the' station where we were
located! (This setting certainly makes one believe in tectonism!) A total of ,

1005 records were obtained, using up to 8 satellites at a time (15 degree |

elevation screen and 30-second recording interval).'

|
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October 17'(Sunday) - Deployment of Survey Teams to Scacions along the Huncer
Mountain Fault Zone and to Station Nevada 1 for Tle-in

Teams were deployed to the following stations along the Hunter Mountain fault
zone: Lee Flats , Plats, Jackass, and Hunter. P. Elosegt and I worked at the

Jackass station.

All teams had a drive of about 2 hours from Beatty to reach the locations along
the Hunter Mountain fault zone, so everyone departed before dawn. We were set

up and running at this station by 9:24am and data were collected for an 8 hour
period. The station was positioned on an exposure of the Hunter Mountain Pluton.
The Saline Valley was visible to the north of the station and the Panamint Valley
to the south. Immediately west of the station was the trace of the Hunter
Mountain fault Zone. A total of 1160 records were obtained, using up to 6
satellites at a time (15-degree elevation screen and 30-second recording
interval).

October 18 (Honday) - Deployment of Teams to Stacions in the Yucca Mountain
Vicinicy and to Station Nevada 1 for Tie-in

Teams were deployed to the following stations in the vicinity of Yucca Mountain:
Claim, Black, Mile, 67TJS, and Wahomie. Because it is anticipated that
contemporary strain rates near Yucca Mountain are slower than for the Hunter *

Mountain or Northern Death Valley fault zones, it was decided to conduct 24-hour
surveys at stations Mile, 67TJS, and Wahomie in order to acquire more data.
After securing badges at Mercury gate, signing in at the DOE Field Operations
Center (FOC) and obtaining radios there, K. Snow and I drove to station Wahomie.
We set up the equipment, covered the receiver and batteries with a tarp to
protect them from any inclement weather, and left the station for breakdown of
equipment 24 hours later on October 19. A supplementary fully charged automobile
battery was substituted for one of the battery power supply sources to assure
that adequate power was available throughout the entire survey time period. The
equipment was up and running by 10:46am.

After equipment was deployed, quick side trips were made to the Exploratory
Studies Facility (ESP) and Trench 14 in the company of the NRC On-Site Licensing
Representative, P. Justus. The ESF had been excavated by drill and blast tech-
niques a total of 200 feet and was completely shot-creted except at the very end
of the drif t. An alcove was being excavated by drill and blast during our visit,
so it was not possible to get close to the rock face currently being worked.

October 19 (Tuesday) - Breakdown of Scacions Mile, 67TJS, and Wahomie and
Reaccupacion of Scacion Dance for Tle-in Survey

After obtaining my badge at Lathrop Wells gate, I drove to station Wahomie for
removal of the CPS equipment. In a total elapsed time of 23 hours and 50 minutes -

during which the receiver was automatically recording data, 3327 records were
recorded using up to 7 satellites at a time (15-degree elevation screen and 30-
second recording interval).

'

B. Baker, C. Birchard, and I reoccupied station Dante to conduct a 1-hour long
survey in order to tie-in two separate locations, separated by about 8m distance,
at this station. This was done because the 1991 survey at Dante had been run on

-7-
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a - USGS benchmark rather than on the reference marker (RM2) occupied in - the ,

'

current (1993) survey. This rapid reoccupation will make it possible to-directly
compare data from the 1991 and 1993 surveys once the more recent survey data are
processed. ,

October 20 (Wednesday) - Acquisition of Haps and Return to Las Vegas
!

This day was spent acquiring additional maps and information to enable me to

return to the region in late November and begin field reconnaissance
investigations for the tectonics research project in the Black and Panamint

_

Mountains. I also took a hasty driving tour of potential field reconnaissance
areas.

October 21 (Thursday) - Trip to Yucca Mountain Site Area with P, Justus and W.
Boyle

Status Meetinc at FOC: Af ter securing badges at Mercury gate and signing in'at
the FOC, P. Justus, W. Boyle and I attended the brief weekly DOE status meeting
for contractors during which on-going activities for the Yucca Mountain project
are discussed. Status reports on the following activities were provided:
borehole; excavation; job package closeouts; ESF; and miscellaneous ( Attachment
4). These weekly meetings are regularly attended by P. Justus in his capacity
as NRC On-Site Licensing Representative.

Ghost Dance Fault Zone: Af ter the status meeting, we drove to a new exposure of
the Ghost Dance fault zone which was being mechanically cleared and cleaned for
continued mapping by R. Spengler of the USGS. (R. Spengler was said to be on-
site monitoring the progress of clearing the fault zone, but we missed him.) ,

Across a width of artificially-exposed " road-cut" covering a total of about 71.5m
(234 feet as determined by pacing) and an estimated height of less than 10m, the
Tiva Canyon was seen to be strongly brecciated. (Tiva Canyon is the uppermost
member of the Tertiary age Paintbrush Tuff; Topopah Spring, the potential
repository horizon, is the lowermost member. ) _ Both matrix-supported and clast-
supported breccias occur, with calcite and siliceous vein fillings -(possibly
hydrothermal, but that remains to be determined) very common, Even though very
strongly brecciated, the zone appears to be well-cemented and indurated at this
location. Some mineral-lined vugs as large as 1015cm also occur. The presence
of extensive. fracture fillings and veins may raise again the " Trench 14" issue
of origin of such materials.

No units were exposed which would make it possible to determine if the zone
exhibits Quaternary slip since the entire exposure was comprised by faulted Tiva
Canyon of Tertiary age. Notwithstanding the apparent induration of the zone at
this location, if it is to be avoided at repository depth because Quaternary
displacement cannot be disproved, then the width of the zone may cause " avoidance
problems" if it is as wide at repository depth as it appears to be at this
exposure. There was not enough time to carefully examine the cleared exposure
and determine whether caliche-cemented alluvial materials may comprise part of I

4

the " breccia" as the writer has observed at other localities near the Yucca i

Mountain site (e.g., at the Fran Ridge block test site). Because the exposure l

is on a relatively steep face, but one near the existing ground surface, this
point needs to be considered in appraisal of fault related brecciation at this
location.

- 8-
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Fran Ridre Block Test: The next stop was the waste package environment thermal
testing location at Fran Ridge. Excavation of a 3m x 3m x 4.5m block for the
test is currently underway in this project, which is being managed by D. Wilder
of Lawrence Livermore National Laboratory (LLNL). The block is in early stages
of excavation at this time. A tentative schedule for completion of excavation
and start of testing is shown in Attachment 5, the handout D. Wilder distributed
during his presentation on the heater block test at the NWTRB meeting in Las
Vegas on October 20. This attachment was obtained from P. Justus.

,

It was noted that most fractures in the soon-to-be-excavated block appear to be

healed with calcite. J. Blink (LLNL).was present at the site and. informed us
that mesoscopic fractures were not observed to have. formed in the block as a
result of the controlled blasting being used for its excavation. Based on infor-
mation obtained from J. Blink in response to my question about the possibility
of blast induced microfractures, no thin sections of tuff were cut prior to and
after the controlled blasting being used to excavate the block to determine if
microfracturing may have been induced. This would seem an oversight on the part
of those planning the test since it is possible that interconnected microcracks
could form flow pathways in the rock. This would have been a simple and quick
test to conduct. "Breccias" occurring at this location appear to have formed by

pedogenic cementation of coarse alluvial materials rather than as fault breccias.'

Solitario Canyon Fault: A tentatively planned stop at new trenches excavated
along the Solitario Canyon fault did not occur because of time constraints.
These trenches are being mapped by A. Ramelli.

Useful Information Acouired: The ESF tunnel boring machine advance time line
illustration, presented by DOE during the NWTRB meeting in Las Vegas on October
20 and obtained from W. Boyle, is attached to this report (Attachment 6) . Also
attached is the October 1993 NWTRB report (obtained from P. Justus) entitled,
" Underground Exploration and Testing at Yucca Mountain - A Report to Congress and
the Secretary of Energy" (Attachment 7).

PROBLEMS ENCOUNTERED:

No problems were encountered during any part of this trip.

RECOMMENDATIONS:

CNWRA involvement in this NRC-funded GPS project is already part of the Task 4 ,

FY94 field efforts outlined in the CNWRA Tectonics Research Project Plan (Young
and Stirewalt, 1993). The GPS effort, at the forefront of contemporary strain
analysis, is essential for understanding how strain is partitioned in the region
of study. Additional constraints for alternative regional tectonic models and
structural models of faulting at Yucca Mountain should be provided by GPS data.

It is recommended that CNWRA become more actively involved in the GPS effort
beyond FY94 - at least by providing assistance for annual data collection and
possibly by placement of additional stations which would be linked to the
existing network of B. Wernicke. Location of any new stations would be done in
concert with NRC Recearch (G. Birchard) and B. Wernicke af ter additional planning
discussions. If involvement is to occur beyond FY94, a supplementary research
plan will be prepared for NRC review and approval as specified in the Tectonics

. 9
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Research Plar. (Young and Stirewalt,1993) . Continued involvement by CNWRA in the
GPS effort we,uld keep CNVRA and NRC in the forefront of tectonics investigations
in the Yucca dountain region and would assist with assessing tectonic models and
related information to be provided for NRC review by DOE during prelicensing and
licensing phases.
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8 FUSIS USA UNAVCO

1 AarWt t'AsLES USA .

1 nauLTadE/ER JAPAN SEDMIA4N Easts amassia .

1 OPERATORMANUAL JAPAN TCBMIRA T1tICEE -

1 PLUME 808 USA SCIDEA 15

3 4ANDRAGS USA
*

3 scrTWAmacups JAPAN

1 SURGEmm USA TRIPP tJft 18 4

1 SufWEYTAPE USA

1 TAPEkNAsult5 UaA STANLEY 33 218 3. Raft 2'

t TARPOULAN USA ',
I TN USA

1 Tookaus uaA UNAV00

1 TRAMEPORTCASE USA- MARDMB A12221CES
-

1 TRIERACH SWITZ WILD 8055B GDF22

1 TMignAcHAnAMwt uan saco NT
,

'

_ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ ._- _ _ . - , . . - . . . .
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~ fuCCA 10N1193 - .-
|

*

\*

,

|

!

.- -- an, ==,
1 DOWNLCAD CARLE SPIN USA TMedgLE isms 40088E

1 GPSRECENER USA TMBER 18 3 341 aggggg M Ansees

1 LOG DOCK USA DARUN3 313 RITEIN M

1 OPERATOR 14ANUAL USA TREMI REVA enBSE

1 TRAN8PCRfCASE USA 10MTICS 718

totalthe it

T4

at - ann - man samm unu
1 HB3HTSTICX USA TRAIELE tsie

1 TRtPCD SWITZ WE.D SOTE

1 TRIPC3 CASE USA TUPPPAK TPUT41

teesiths 3

1

4

i
e

f

i

r

|

|
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ATTACHMENT 2 Page1o(2.

GPS Daily Observation log Yucca Mountain 1993 ccu. s., ca. cs4
.

'

unvco a;.,,- ,nvsra c,.. ,

4-Char ID:Station Name:

Location: City: __ |

Monument Inscription: Country: USA |

Operatom Agencies:
System Number

TYPE MODEL SERIAL No.

Receiver Trimble 4000 SSE

Antenna Trimble SST .

Antenna Ht. Above Mark in MetersTribrach Wild Stant Height G Vertical Height O
Receiver Software & Version: Notch No. Before After
Cable Length: Collection Rate: Sec g

What is onentation of eye piece wuh respect to North? " 2
Examole Draw North arrow %

3Cirtle one:

TRUE MAGNETIC Avg.'

_

Write number of degrees C 111. in inches in = m'

1_yv (0.0254 m/in) or (39.37 inim)

Observamon times: UTc Time UTc nate UTc na, Ilt. put into receiver

Scheduled Start Time Crosshairs on target?

Scheduled End Time Plumb bob check?

Actual Start Time Magnetic declination
Actual End Time Compass reading CTrue
Daily Session Number [ Power Failuir C Mag.Compass type

Meteorowgxcca Dam;
T*tme(UTO Pressure (mb) Drv Bulb (C) Wet Bulb (O Comments

Receiver Solution. Source: Best 3D Posidan from .MESfile. Other

Best PDOP Latitude Longitude Height m

Download Informadon: Compare disks: | | Download software version

Disk Disk # Filename .DAT .EPH .10N .MES .DAT file size .MES file size

/
/
/
/

DID ANYTHING ABNORMAL OR UNUSUAL OCCUR? O YES NO
Time < UTO Comments and Signylcant Problems: O Check if additional sheets attached.

i
t

i
Station ID UTC Start Date UTC Start Day Session No.

.



,
_ ..

'

,.

Page2 of 2 '
Yucca Mountam, 1993 ccu. a. ca.vu. lvavco a a ,,mvm, c,. >

|
:

Antenna Setup & Height Measurement: Location Diagram:
(Sketch setup if diferentfrom figure. If measuring (indicate markyou set up on in relation to

a vertical height show exactly whatyou measured.) localsurroundings)

Mag. N.
14.5*

W E

S

Trimble 4000
STD. SDT & SSTg

sua ,,

' F |__'.

Meneers to TOP of antenas pinne
inmWe of notch.

Measurmg Height Stick-+

be,m.+ _.

Rubbing or Photo of Monument: Indicate the exact point that the instrument was centered
*

over and include a North arrow. (Ifrubbing is hard to read add a sketch of the monument).

.

Station ID UTC Start Date UTC Start Day Session No,

i
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ._ _ - . .__
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ATTACHMENT 3 SystIm Number:'
-

*

UNAvco GPS Station Description
~

Universrty Navstar Consortum UCAR, Boulder, CO., USA

I Station Name: 4-Char ID: Station ID #:

Location: Country:

Observing Monument Inscription: Project: Vincen Min.

Appronmate Geodetic Coordinates: ,

Latitude: Datum Magnetic Declination 14.5 E
Longitude: Source of Position Rate & Direction of Change

IIeight: Sourte of Declination USGS

Site Personnel: Access Notes:

Name Agency

Location Diagram:

Rubbing or Photo ofMonument: Indicate the exact
point that the instrument was centered over and include a
North arrow.

Station UTC Start Date UTC Start Day



. ,.

.

.

:

BOREHOLE ACTIVITIES

TEST JOB SCHEDULE COMMENTS ON STATUS
ACTIVITY PACKAGE / WORK INFORMATION

PROGRAM / TEST
PLANNING

NRG-2, 11RG- TPP 92-1 No current activity. Geophysical
2A, NRG-2B, logging partially (?) complete.
t1RG-3, NRG- Plans in progress to pull casing
4, llRG-5, and run video logs in flBG-2A and
tJRG-6 11RG-28.

11RG-7 JP TBD Pad accepted 10/01/93. Drilling equipment fully mobilized.
BOREilOLE WP TBD Waiting on work authorization

TPP 92-1 expected 10/21/93. Double shifts >
planned. y

>
ADDITIONAL Unknown Environmental surveys Environmental survey in progress. @,

DRILLIi1G & started 10/12/93. 3
TRENCHING ==
Ill VICIllITY M
OF NRG 9 #

.

! UZ-14 JP 92-17 Additional grouting Core depth 1422.1, ream depth
WP 93-9 scheduled for 10/21/93. 1421.6. Currently initiating^

TPP T92-16 sealing of second water-bearing
zone.

UZ-16 JP 92-3 Drilling completed Removal of lodged packer still in'*

WP 92-03 03/10/93. progress using CME 850. Camera run
TPP T92-02 needs to be scheduled after removal'

of packer.

SD-12 JP 93-13 Site preparation started Pad excavation in progress. Rock,

DRILL PAD WP N/A 10/01/93. cropping out on the southwest
& ACCESS TPP T93-9 corner is difficult to rip; FCR for
ROAD blasting expected to be issued

10/21/93.

t

Page 1 of 7
Revised: October 21, 1993

_ - _ - _ _ - _ _ - _ _ _ _ - _ - -- - - _ _ - _ _ _ _ _ _ _



BOREHOLE ACTIVITIES

TEST JOB SCHEDULE COMMENTS ON STATUS
ACTIVITY PACKAGE / WORK INFORMATION

PROGRAM / TEST
PLANNING

WT-2 JP N/A New logging by USGS Standard geophysical logs were run*
WP 93-17 scheduled for 10/21/93. 10/18/93.
TPP N/A Road improvement for

seismic survey to start
10/21/93.

C-WELL JP 93-11 Resumed soil remediation (Environmental Field Coordinator to
e TESTING WP 93-10 on 10/05/93. Soil status.)

TPP 92-09 remediation in progress
for unknown duration.
Plan to backfill all
excavations about the
end of October.

,

'

Page 2 of 7
,

Revised: October 21, 1993 .
1

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ . u --- - - - - - - - _ - - * - - ' ' - ' '' -
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.

*

.

EXCAVATION ACTIVITIES

TEST JOB SCHEDULE COMMENTS ON STATUS
ACTIVITY PACKAGE / WORK INFORMATION

PROGRAM

QUATERNARY TPP T92-17 (0) Completed excavation of Waiting on mapping to start.,

FAULTING BMTP-8, BMTP-9 and BMT-1
W/IN 100 on 09/29/93.
KM:
BARE MTN.
TRENCllES

GHOST DANCE TPP T93-06 Excavation completed BEECo installed gauges on water h . gev
FAULT 09/22/93. Cleaning hoses to monitor usage during g . s t" )sek :

*
,

EXCAVATION started 09/27/93. cleaning. Cleaning of east d~ yaq|ga
pavement underway. 91

TRENCliES A- JP 92-05 FY94 - TBD. (SAIC status).

1 & MWV-T3
(ALICE
RIDGE)

Page 3 of 7
Revised: October 21, 1993

i

_ _ _ _ _ - _ _ - - _ - _ - - _ _ _ - _ - _ _ _ _ .
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*

JOB PACKAGE CLOSEOUTS

TEST JOB SCHEDULE COMMENTS ON STATUS
ACTIVITY PACKAGE / WORK INFORMATION

PROGRAM
,

SOIL & ROCK JP 92-8 Record submittals past No change since last week. Field
PROPERTIES due. Due date 09/27/93. Verification Plan, water use
PHASE II records, and as-built drawings
TEST P]TS still required to complete records

y
package.

SOIL & ROCK JP 92-02 All record submittals No change since last week. Need
PROPERTIES due by 10/04/93. remaining RSN and REECo records
NORTH listed in 08/16/93 ltr. from Winn
PORTAL Wilson to complete.

NEUTRON- JP-91 All recors sittals No change since last week. Need
ACCESS due by 1C;_a/93. remaining REECo, RSN, and Drilling
BOREHOLES Support records listed in 09/09/93

ltr. from Winn Wilson to complete. !

NRG-6 ROAD JP 92-10 Record submittals past Need some water use records to
& PAD due. Due date 01/17/93. complete records package. Records

Due date extended to package table of contents being
04/30/93 (Kopatich to prepared.
Wilson ltr. dated
04/01/93.)

UZ-16 ROAD JP 92-04 Record submittals pas'. Records package table of contents
& PAD due. Due date 05/18/,93. Seing prepared.

NRG-4 ROAD JP 93-02 Record submittals past Reminder memo sent 06/18/93.
& PAD due. Due date 08/15/93. Records are being submitted.

NRG-5 ROAD JP 93-03 Record submittals past Some items received. Still need
& PAD due. Due date 06/14/93. balance of RSN records listed in

07/20/93 ltr. from Winn Wilson to
Kopatich.

'

.

Page 4 of 7 .

Revised: October 21, 1993 -

.

%
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JOB PACKAGE CLOSEOUTS

TEST JOB SCHEDULE COMMENTS ON STATUS
ACTIVITY PACKAGE / WORK INFORMATION

PROGRAM

rFi-7 ROAD JP 93-14 All records submittals Road and pad completed and accepted
& PAD due by 11/30/93. on 10/01/93. Reminder memo sent out

10/12/93.

,

Page S. of 7
Revised: October 21, 1993

_ _ _ _ _ - _ _ - - _ - - - - _ ..- - - . - - .-
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_

MISCELLANEOUS ACTIVITIES

TEST JOB SCHEDULE COMMENTS ON STATUS
ACTIVITY PACKAGE / WORK INFORMATION

PROGRAM / TEST
PLANNING-

ENGINEERED TPP T-93-3 Start date: 08/25/93. (LANL to status) - [ A M " g,
BARRIER: JP 93-10 A" 1

LARGE BLOCK
TEST

|

|
|

1

*
.

Page 6 of 7 .

Revised: October 21, 1993 -

.

__.u- _-
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ESF ACTIVITIES.

TEST HAME JOB SCHEDULE COMMENTS ON STATUS
PACKAGE / WORK INFORMATION
PROGRAM / TEST

PLANNING

UNDERGBOUND JP 92-20A 04/08/93 (start) (LANL to status),

GEOLOGIC TPP 92-10 Started alcove
MAPPIt1G 10/04/93. Mapped

alcove from 0+15 to
0+27 on 10/12/93.

CONSTRUCTION JP 92-20D 04/08/93 (start) Ongoing. (LANL will status)
* mot 1ITORING Ill TPP T-92-2

Tile STARTER
TUN 11EL

CONSOLIDATED JP 92-20C 05/27/93 (start) Ongoing'

( SAMPLING IN TPP 92-14*
,

l Tile STARTER
TUNt1EL

PERCHED WATER JP 92-208 04/08/93 (start) This is a contingency test to be,

TEST Ill ESF TPP 92-11 performed only if perched water is
encountered.

IlYDRO TPP 92-12 Prototype testing LANL status
* CHEMISTRY performed 09/23/93.

TESTING ,

c:\ reports \boreplus

i

|

|
!

i

|

Page 7 of 7
Revised: October 21, 1993
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U.S. DEPARTMENT OF ENERGY
OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

NUCLEAR WASTETECHNICAL REVIEW BOARD
FULL BOARD MEETING

1

i

'

SUBJECT: WASTE PACKAGE4 a
ENVIRONMENT THERMAL TESTING R

'

UPDATE $
m
m :

PRESENTER: DALE G. WILDER

PRESENTER *S TITLE
AND ORGANIZATION: TECHNICAL AREA LEADER

LAWRENCE LIVERMORE NATIONAL LABORATORY
LIVERMORE, CALIFORNIA

PRESENTER *S
TELEPHONE NUMBER: (510) 422-6908

LAS VEG AS, NEVADA
'] { *OCTOBER 19-20,1993

I i
,

,, . ,
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'Test Strategy

Scale Purpose
Lab Scale ,

Core - 1 f t. Property Measurements
hours to days Matrix Processes
(some long-term) Single-Fracture Processes

Limited Model Testing

Block Scale
1 ft. to 3-5 m. Multiple-Fracture Processes

Fracture Interconnectivity Phenomena
Coupled Processes

in Situ Heater Tests

ESF Tests (up to few 100 ft.) Site characterization
in Situ Hydrothermal / Geochemical /
Geomechanical Responses

Large Scale Scaling Effects, Natural Heterogeneity impacts

Repository Scale
Monitoring Performance

DCLLf4LDW3125 t4WTRa 1019'20 93

___



.

In situ Heater Tests Can Test
Fundamental Hypotheses

(1) Conditions where heat conduction dominates. heat flow
| (2) Whether above-boiling temperatures remove all mobile

liquid water -

(3) Whether fracture density and connectivity are sufficient ;

for rock dry-out

(4) Whether re-wetting significantly lags the end of boiling ,

(5) Conditions where large-scale, buoyant, gas-phase
convection may dominate

.

.

The large block test will provide valuable information pertaining to all
five hypotheses tests, particularly to hypotheses 2,3,and 4

|.
;

.

DCLLNLDW23125.NWTRB/1019/20 93 .

*
l

. .
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5

Criteria for Design of |

Waste Package Environment Tests
.

Volume of the dry-out zone*

- G-Tunnel ~0.75 m
- Small percentage of fractures responsible for majority of flow

'

Peak rock temperatures*

"

- Above 200 degrees can have phase transition
.

Velocity of dry-out front*

Lab tests of up to one-year duration required-

Size and duration of condensate zone*

Time rate of change of temperature.
-

t-

DCLLf4 LOW 11.125 t4WTHU/1019/20 93
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Strategy with Off-Block Prototype Testing l

(2000) (2001)
1/94 1/95 1/96 1/97 1/98 1/99 1/00 1/01

a l 1 i i i I

LAD. I LA PA
tz , w',y Planning

.,
,

m
.s Equip. Order

& & Calibrate
b Test Abbreviated Cool- Core- Analysis -S- set-up test heating down ing ;.O

$ / Compare
.

Long duration (4 yr heating) test -

prototype
with ESF

, , ' , ' , ' ' ,' Analysis
-

* * ''

dos ing ;

Iyy j.C ~!
, [.h.[% [[.. g ' g -i%N4kkI ik hbfi['

t --

Long duration ESF (5-7 yr) Tests ,7 ls\}. '[3;,j:
'

i

,q: -'

|
.. use oft~ : l' . 7

. 4 g g .jp< p 4. .
W1!9 'V f T. Yes.; 2 ..

Ji ~ t abbrev,ated - LAi! s- .
.

_ . ;iq }.:j 'O; |d ( Q y.}s t d. J;l , k Sm y . j
. di. justified [

q,A ,n.
f ESFi [ ? l b !' ~ : p

,

o , q p .4 - ' + -| .o : - . o. . ee7 .

> > -

?- '

.n. =
'

.+ .

.

t, .' f . f ! ; , . h. i
'

e t : .~ *

- . >;
. tho
'

*

.

' J.: .?E)' Decision.
,

d
f. ~r ." L |} "p i;]ji.p proceeg

,k -@ (' how to
. . 1 14[ _ j ; f j,j - () .d'. . ; - ;

~

5 i -- ! i 1i' '- "- 4 :q;. ;
I

'

'' '-
.| |? _?,t . y

,

: . :- ) { j- ' ' ' -,

.

?.Q R - i . V | ? q u .l / ' ' 1 j {t [ W W L, q; q . contirmation testing
.

,

"DCL t tit OW 19125 taw T R B-7 13:14 93
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Strategy Using Large Block Test
(2000) (2001)1/94 1/95 1/96 1/97 1/98 1/99 1/00 1/01

| 1 I I I I

LAD LA PA
Large g gggg Coo @owp:Block
Test

Abbreviated LA TestESF Tests "
c ccReview ? gdi13alJ jg*,W e g e y,,D,s*f_

#Study plan /
_ ESF plans in _

base- Fgp ag .g g
.y n gy34

Activity plan light of early E

LBT Data line cown et J gg
data C99 :- oS i1nr Ee1

Order & Core- 8
"

Calibrate - YlO ]
Equip. jllaly -

LA Data
SIS < cceEtable?

base-
line

Cooldown Testdata "

h. . ft [. ; , p h[
r

Long duration test
.

(Performance Confirmation) _e. . _t . .. t lineat ning

(6 yrs. heating,6-12 yrs cooldown) .
.

(BEST AVAILABLE COPY)
DCLLNLDW20125 NWTRB/713/14 93 *

.
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.

| Issues Requiring Testing Before ESF Testing
~

| Validation test independent of those used for characterization*

j (property values, etc.) data, and developing or testing models

Developing and testing require " tweaking knobs" in the models to
| understand physics. Validation test design relies on scoping
| calculations; therefore, the physics must be appropriate prior to

testing
:

Early decisions based on model predictions (e.g., thermal*

loading, MPC, emplacement strategy) require that processes
important to the outcomes be incorporated into models. The
models have not been demonstrated adequately

ESF test planning*

- Confidence in models used for planning of ESF tests
- Instrument and technique evaluation prior to ESF test
- Evaluation of scaling effects

DCLLNLDW24.125 f4WTRB/10-19/20 93
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,

FY93| FY94 | FY95 |
S O N D J FM A M J J A S O N D J F M A M J J A S O
I I I I I I I I I I I I I I I I I I I I I I I I I I

9/B)_eveling

11/1 Fracture Mapping
10/25 ;bf 2 V #0 - Frame Procurement11/3 11/17 Vertical Drilling LBT-01

V #1 - Block LocationPrel. 8/30 11/1B| Sawing 7 #3 V #2 - Sawing Procedure ReviewSawing 1/10 Excavatlod 3/7 , V #3 - Excavation Tech. Review
Block Support LBT-03 | V #4 - Horizontal Borehole Location

V #5 -Instrumental Final Check
Characterization LBT-03 | V #6 - Readyness Review

v #4 V #7 - Cool-down schedule
| LBT-03 | Horizontal Drilling V #8 - Activity closeout

| Instrument Procurement & Calibration LBT44Vss 1. All Vertical holes will be pre-drilled (6" deep) through
LBT-04| Installation a template.

2. Air injection test will be conducted atter the first hole
| Frame Fabrication LBT-02 | (that will be a NX hole)is drilled and fractures mapped

using a borehole camera.
| Procurement of Frame accessories LBT-04 V#6

LBT-b4 Assembly V #7 V88
Preheat Tests | | Heating Tests LBT-04 | Cool-down | |

| Laboratory Tests on Small Blocks LBT-04 |

| Model Calculations LBT-05 |

DCtLNLDW CDR4125 NWIRBn D 19/20 93
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Large Block Test Status '

Planning offsite*

Excavation started !*
.

Drilling and testing mid-October*

Cutting planned for mid-November*

! Planning documents progressing*

| Test-frame contract awarded*

,

*
.

,

- DCLLNLDW27.125 NWTRB/10-19/20-93 e

'
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Benching for Large Block Test ,

I

Block

Sump

DCLLtJLDW CDR4.s25!4WIRutto gyrgo 93
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Executive Summary

Underground exploration and testing are major components of the DOE's site-
characterization efforts at Yucca Mountain, Nevada. During the past four years,
the DOE's plans for exploration and testing in an underground facility have .

evolved substantially, and many improvements have been made. The DOE's
current program involves extensive tunneling throughout the geologic block at
Yucca Mountain with the goal of gaining visual access to the complex geology at
the. site. It is especially important to thoroughly understand the character and extent

of the faults that cross the site, as well as the site's hydrogeology and geochemistry.
Once tunnels have been excavated, scientists also will be able to initiate important
tests, which are necessary to assess how the natural and engineered barriers will
perform under conditions similar to those in a potential repository for hot spent
fuel and high-level waste. Data gathered during these tests will be used to evaluate
site suitability, to predict long-term performance of the entire repository system,
and to support a license application - should the site prove suitable.

In this report. the Board reviews the status of the underground exploration and
testing program. In addition to a number of detailed recommendations, the Board
makes three general recommendations, which are reviewed below. The Board
would like to emphasize that all recommendations can and should be implemented
without slowing the momentum ofimportant site-characterization activities now
under way at Yucca Mountain.

The Board concurs with the overall objectives established by the DOE for
underground exploration and testing at Yucca Mountain and supports many of the
changes that have been made to the design of the facility. However, the Board
remains concerned that, because of past delays in inidating underground explora-
tion and attempts to comply with overly optimistic schedules, the DOE is making
important technical decisions about the design and approach to excavation of the
exploratory facility without sufficient analysis. Schedules have been compressed,
and until recently the DOE had planned for multiple excavation operations from
a single portal and simultaneous testing activities, which the Board believes would
have extended. rather than shortened, program schedules and increased costs. The
Board supports the DOE's recent decision to modify this approach by eliminating
competing activities during excavation of the initial underground loop. Once this
portal-to-portal loop has been completed. tunneling off the loop to fault zones, in
the core test area, and in the Calico Hills can begin, and important testing initiated.

The Board believes, however, that the Yucca Mountain project lacks an overall
strategy for exploration and testing. To better achieve the objectives of the
underground exploration and testing program. the Board recommends that the
DOE develop a comprehensive strategy that integrates exploration and testing
priorities with the design and excavation approachfor the exploratoryfacility.

M
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This strategy should be based on specific intermediate goals and be consistent
with the scientific priorities of site characterization, realistic funding expectations,
and the efficient development of the underground exploratory facility. With such
a strategy, the DOE could simplify what is still an overdesigned facility, which
includes excessive test support facilities and utilities.

Thermal testing should be an important component in any comprehensive
strategy for explcration and testing at Yucca Mountain. The Board recommendr
the rerumption ofunderground thermal testing as soon as possible. Since testing
in the core test area is not scheduled to begin until early 1998, the DOE should
consider reinitiating underground thermal testing outside the repository area. This
will allow the DOE to establish a continuous testing program for the development
of instrumentation and procedures and to gain as much testing experience as
possible prior to initiating testing in the core test area.

The Board believes that the excavation of the exploratory facility could be
accomplished more quickly and at less cost if the tunnels and support facilities
were designed only to meet the needs of exploration and testing. For example,
after the portal-to-portal loop has been cen.p!eted, excavation of tunnels off the
loop and in the core test area can begin using a 16- to 18-ft-diameter tunnel boting
machine. The design of the core test area, where critical thermal testing will be
conducted should be simplified to allow excavation using a full-face tunnel boring
machine. Although extensive tunneling is required, the DOE should continue to

reduce the extent of surface and subsurface facilities and utilities to reflect the
revised sequential excavation plan and the specific needs of the exploration and
testing program.

If the Yucca Mountain site proves suitable and is licensed for construction,
the exploratory facility is to be integrated into the repository design. Therefore,
the design of the exploratory facility should remain as compatible as possible with
potential repository designs. The DOE's recent proposal to reduce tunnel gradi- ;
ents in the exploratory facility makes it tnore compatible with existing repository ;
designs.

!

i
The Board recognizes the complex regulatory and oversight constraints facing

the U.S. high-level waste program and the challenges inherent in managing such !
i a large, first-of-a4:ind scientific and engineering project. However. the Board ii believes that a wealth ofindustry expertise and experience exists from which the

iDOE could draw more effectively. To assist program managers and to take ,

maximum advantage of existing experience in the underground constmetion |
industry, the Board recommends that - as is common practice on large constmc- ;
tion projects - the DOE establish a geoengineering board with expertise in the

;

I'
:
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engineering, construction. andmanagement oflarge undergroundprojects. Mem-
bers should be nationally known and their selection based on past experience
serving on similar boards for projects of commensurate complexity. This geoen-
gineering board would meet with Yucca Mountain management. staff, and con-
tractors on a regular basis to review detailed decisions early on - when they are
first being made - and to provide guidance on improving the management of the
design and excavation of the exploratory facility.

As it stated in its March 1993 Special Report, the overall civilian waste
management program is large and diffuse, and specific respont.bilities are unclear.
The Board finds this to be true as well at the Yucca Mountain project level. Even
though site characterization at Yucca Mountain is not a routine construction
project, the DOE should place greater emphasis on developing a more efficient
system for managing the exploratory facility design and construction. In general.
decisions do not reflect typical industry practice: its contracts do not include
incentives for minimizing costs and meeting schedules; and the DOE has con-
tracted for its own tunnel boring machine, rather than holding the contractor
responsible for selecting and purchasing its own equipment.

Fmally, many institutions, including Congress, have expressed the concern
that a disproportionate share of the funding available for the nation's nuclear waste
management program is being directed to overhead and infrastructure. The Board
is concemed that this is leaving limited funds for important scientific work,
including underground exploration and testing. For example, recently the DOE
cited funding, rather than technical grounds, as a possible reason to forgo exca-
varion of the Calico Hills unit. And funding choices may affect when important
underground thermal testing will be reinitiated. or when the contractor will begin
acquisition of another tunnel boring machine. The Board strongly supports the
Secretary of Energy's decision to review the financial aspects of the civilian
radioactive waste management program and hopes that this review will lead to a
more efficient and cost-effective exploration and testing program.

M
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Introduction'

The Nuclear Waste Technical Review Board (the Board) was created in the i

Nuclear Waste Policy Amendments Act of 1987. As an independent agency witliin
the executive branch. the Board is charged with evaluating the scientific and
technical aspects of the Department of Energy's (DOE) program to manage the
disposal of the nation's spent nuclear fuel and high-level defense waste. The Board
reports its findings and recommendations to Congress and the Secretary of Energy
at least twice each year.

Since its inception in 1989, the Board has followed closely the efforts of the
DOE Office of Civilian Radioactive Waste Management (OCRWM) to design
and implement this program. Characterization and assessment of the site at Yucca
Mountain. Nevada. for its suitability for developing a permanent repository for
this waste is a major component of the DOE's program. If the site at Yucca
Mountain is found suitable and is licensed by the Nuclear Regulatory Commission
for repository development, a complex of tunnels would be excavated in the
mountain.

To determine the suitability of the site and gather the data necessary to design
the proposed repository, the DOE must undertake an extensive program of
surface-based and underground exploration and testing. Surface-based activities
have been under way at the site for some time. Preparations for underground
exploration and testing havejust begun. These underground activities are the main
focus of this report.
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Background

In March 1993, the Board published a SpecialReport (NWTRB March 1993) to
the Congress and the Secretary of Energy. That report outlined three critical
concems that have affected the technical components of the DOE's civilian
radioactive waste management program: (1) the program's overly optimistic
schedules: (2) the need for a well-integrated overall waste management plan that
includes transportation, storage, and disposal of radioactive wastes; and (3) the
effectiveness of program management. These issues have affected the program
overall: but the schedule and management issues raised in that report also have
affected site-characterization efforts - especially the DOE's approach to under-
ground exploration and testing at Yucca Mountain.

Underground exploration and testing will require extensive tunneling! hrought
the mountain at various levels and across all geologic units to allow scientists to
visually examine the complex geology at the site. It is especially important to
determine the character and extent of the faults that cross the site and to gain an2

understanding of the site's complex hydrogeology and geochemistry. Once the
tunnels have been excavated, they will host an underground exploratory facility
from which further testing will take place.

Excavating the underground exploratory facility, designated the exploratory
studies facility, is an important milestone in the DOE's waste management
program because it is key to achieving a number of other intermediate program
goals. For example, if there are any " fatal flaws." or major disqualifying features
that might lead to abandoning the site they will most likely be revealed through
the excavation of exploratory tunnels. In addition, once the exploratory facility
has been excavated. scientists will be able to initiate important in-situ tests. such
as thermal tests which are necessary to evaluate how the natural geologic and
engineered bamers actually will perform under conditions similar to those in a
potential repository once waste has been emplaced. Data gathered during these
tests will be used to determine site suitability, to predict long-term performance
of the entire repository system, and to support application for the construction
license - should the site prove suitable.

The exploratory facility also has the potential to become more than just a
location for underground testing. If the site is judged suitable and is licensed for
repository construction, major pans of the exploratory facility could be integrated
into the repository. Therefore, the design of the exploratory facility should be
compatible with any potential repository designs.3

i Tunnesmg is referred to as an underground constnicnon acuvtry that results m a permanent fac:lity.
This contrasts witn mming. which ts me process of extracung nuneral deposits from the cann.

2 The faults and fracture zones in the pmspeenve repository honzon at Yucca Mountus tend to be near l
verucat making their detecnon and charactenzauon more feasible by tunneling.
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The design and approach to excavating the exploratory facility have evolved
substantially during the past four years, and much progress has been made. During
the last several months, the DOE and its contractors have proposed a number of
additional changes for further improvements. However, the Board is concemed
that, because of past delays in initiating underground exploration and the overly
optimistic schedules, important technical decisions about the design and excava-
tion of the exploratory facility are being made without sufficient technical and
scientific analysis of site-characterization issues.

This report reviews the status of the DOE's underground exploration and
testing project at Yucca Mountain, Nevada:it suggests strategies to improve both
the exploration and testing program and the approach to designing and excavating
the exploratorv facility. The Board makes several recommendations it believes
will speed progress and improve cost-effectiveness. The Board believes the
changes it is recommending can and should be made without sfowing the momen-
tum of important site-characterization activities currently under way at Yucca
Mountain.

.

t
I

i

I

3 According to 10 CFR 60.15. "the numoer of exploratory boreholes and shafts shall be lirnited to the
extent practical consistent with obtaining the intormation needed for site charactenzation" and * j

g
exploratory boreholes and shafts in the (potenuali geologic repositorv operations area shall be k)cated
where shatts are planned for undereTound facility construcuan and operauon.''
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Exploration and Testing Designing and
Excavating the Exploratory Facility

According to a DOE presentation to the Board on April 22.1993, the underground
exploration and testing program has a number of key objectives including gath-
ering otherwise unobtainable data on the major geologic features (units, faults,
and contacts) throughout the mountain: gaining access to the underground so that
various in-situ large-scale themial, hydrologic, and mechanical tests can be
initiated: and allowing a continuous, early look at the natural system to assess site
suitability and provide critical data for repository design.

The Board concurs with these general objectives. And, in the following
discussion offers suggestions for developing an improved strategy for under-
ground exploration and testing at the Yucca Mountain site that is carefully linkedd

to the design and approach to excavating the underground exploratory facility.
.

Strategiesfor Exploration and Testing

The DOE's plans for exploration and testing have changed during the past
four years, and much progress has been made. Recently, several changes have
been proposed to further improve the program. Because the DOE's current plans
and sequence for exploration and testing are still evolving, the Board would like
to use this report to outline what it believes would be key elements in a compre-
hensive strategy for exploration and testing.

Explore across the geologic block

Since its nrst meetings in 1989, the Board has emphasized the importance of
gaining early access to the underground at Yucca Mountain by excavating tunnels
across major geologic features at the site. The geology of the site should be
explored and tests conducted not only in the welded tuff 5 at the repository level |
but also in the nonwelded tuff above and below the repository level. i

i

I

|
\
l
|

|
|

4 As used here, exploranon of a site means excavaung tunnels to allow human access ror relauvely
short term ceservanons of geologic condicons. Tesnne means conducung longer term scienutic
expenments m the excavated tunnels.

5 Tur7is a rock composed of compacted volcaruc ash. It is either welded - consolidated by heat. |

pressure. and possibly the introducuon of cemenung truneraf s - or nonwelded. Welded tuff tends to |
be hard and highly tractured. Nonweided turf is usually porous and often reiauvely sott.

i
!

5
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Many of the geologic features in the block, such as faults and fractures, are
near vertical (see Figure 1). As a result, surface-based drilling and mapping will '

provide only limited information on these structv:es. Excavating access ramps
(inclined tunnels) and horizontal tunnels (drifts) r. cross these features is the only
way to gain an accurate picture of their character and extent.

The exploratory facility design that resulted from the Exploratory Studies
Facility Alternatives Study (SNL 1991) reflects this approach to exploration and
testing. Tunneling at and above the repository level and in the Calico Hills unit
below the repository will allow program personnel to visually examine and map
fault zones, fractures, and joint sets in the mountain. Accordingly, any strategy
for exploring and testing should include the following goals.

Figure 1 - Schematic rendering of major geologic units and vertical fault
zones at the Yucca Mountain site (nor to scale)
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1. The DOE should first explore the major geologic features (above and at'

the repository level) by excavating the portal-to-portal loop re Figure 2). Plans
for the first phase of underground exploration call for excavating a ramp from the
nonh ponal down through the nonweided tuff above the repository, and through
the Imbricate Fault zone before reaching the repository level in the Topopah
Spring welded tuff. The tunnel will then proceed across the Topopah Spring unit,
crossing the Ghost Dance Fault at two places, in the central portion of the geologic
block and again at the south end of the block. where the fault has a greater vertical
offset. From there excavation proceeds up the south ramp to the south portal. This
first excavation sequence, which does not include excavation of any other tunnels,
is referred to in this report as the portal-to-portalloop.

During excavation of the portal-to-portal loop. perched water and seepage may
be' observed and sampled. However, the only tests that should be undenaken
during the excavation of the ponal-to-portal loop would be to gather initial data
on hydrologic properties across fault zones. To do this, near-horizontal boreholes
will be drilled. They should be planned so that drilling can be conducted without
interrupting the advance of the tunnel boring machine.6 No other delays to
machine operation should be allowed unless they are to gather critical, repository-
relevant scientific data that would later be unrecoverable. After the portal-to-portal
loop has been excavated, tunnels can be excavated east and west to penetrate the
Imbricate Fault and Solitario Canyon Fault zones.

'

Accordng to the DOE, limited core will be taken from the underground borings.
Core will be drilled as soon as possible after the fault zone is excavated. The intent is
to gain access to the borehole as soon as possible to reduce the effect of air exchange
with the surrounding air mass. Sensitive temperature measurements made in the
boreholes will be used to indicate water movement in the fault zone.

.

The ESF Altei;iatives Study (SNL 1991) calls for the tunnel bonng machine
to cross the Ghost Dance Fault zone at an oblique angle. Often. faults are not
present as single surfaces but occurin zones comprising a series ofindividual fault
planes as well as regions of fractured. crushed, and altered rock. Recent surface
mapping has indicated, for example, that the Ghost Dance Fault zone at Yucca
Mountain may be as wide as 1.000 ft. Intersecting it at a small angle during-
excavation of the portal-to-portal loop could mean tunneling through extensive
lengths of the zone, which could cause serious support problems and slow machine
advance.

6 One approacn might be to mount the dnll ng and support causpment on a platform that bndges the
travel-way behmd the tunnet bonng macntne so that suppnes can contmue to the macnme wnile
dnlling is under way. This should be easy to do. especially if rail transport, w t1 its smaller envelope.
is used rather than rubber tired vehicles.
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Figure 2 - Cutaway schematic rendering of Yucca Mountain geologic block showing currently proposed
exploratory tunneling and possible location of repository (notto scales,

North Portal Soutn Portal

p - --

9' M 'f- &.&=. =~ ~ Qn --

I |

, x _
".gm~=.'-

.

-
yff-, . . . -

~
~'/ ~ %-- ::.- _~ -

%.
__ -

N-- 9,/
~

i

A ', . . ". . m- : :; .. xN/- 'M. ; . . :.. - -. u u u
--

. ...

j ,; '
*

m. -g'"V2.LM*nTX';e~* %: Q~'' Q .g w-v.----
rs. vtwwn

@' ~ .;> o. -

#"3.- &M ~..%isir g @ A*g g g
TL E' - --y . . . 3=-a .% Weided and

,

-:, 5Wav e - ,'
- d. g ,_nonweided '

.f .* *4.re'' Imbocate Fault Zone ' " -;.w kg[ tuff |"

, - f' *Qg :[~--- , ~ ~ " * *

~,- =.w
,

** S
'

'
Repository Unit of Topopan,-

'
i 's Horizon spnng welded'

=- - turf dessenated' j for poten'ttal
Re , #~ ~ p,,ositorv repository locauon I

. .

. . nygd,ary_ _ _ _ _ _ ,, ,, , * '
~ ~ ' * *

, , , , ,
_

tMo Canyon FauYZone -y M} j

S

gg ,g- .' "E /c * g_pey ,..d'( ed_- Q
--

_ .y; , _ nonwerded I

Imbncare Fault Zonc ~'"E- ' .p e (F.ca .e M i turf and otner. r . .r.scu

. ?t"J. . ~ ~ ~ ^ - - - ''
{* 1.,

dj.g- units

.
po Ghost Dance Fault Zone Cal co H~ ~ ^ Exploratory,

Honzon

i
"

- - G"E*1s

ite: Configurauon of fault 2cnes at depth is inferred.

urce: Presentation to the NW"IT4B. September 18-19.1991. REPGBV5 P.125. NWTRB/9-18/19-91 (RSN 1991).

M
_. .__ _ _ _ . _ _ _ _ _ .



', ' . i - nderground Explornuon and Tesung-

.

.:

.

At the Board's July 1993 meeting, the DOE proposed several changes to the
design of the exploratory facility; one calls for realigning the main tunnel so that
it parallels the Ghost Dance Fault. Short. smaller diameter tunnels would later be
excavated off the main tunnel to allow penetration and exploration of the Ghost
Dance Fault at several points. This realignment could provide additional flexibility
to the exploration and testing program and reduce the risks normally associated
with excavating large tunnels through fault zones. However, since there may be
secondary faults adjacent to the primary Ghost Dance Fault zone, flexibility in
locating the main drift will be necessary so that it does not run along a secondary
fault (it may not be possible to avoid more closely spaced fractures that parallel
the faults).

2. The DOE should continue to thoroughly analyze the advantages and
disadvantages of exploring in the Calico Hills. The Calico Hills consists of
nonwelded tuff located below the repository level. Because the Calico Hills unit
is a potential barner to the transport of radionuclides from the repository down to
the regional ground-water table,it is necessary to understand thoroughly the nature
of jointing and faulting at this level.7

Based on the results of the Exploratory Studies Facility Alternatives Study
and the Calico Hills Risk / Bene 6t Analysis (YMPO 1991), the DOE concluded in
1991 that early access to the Calico Hills would provide a net benefit when
considering (1) possible postclosure risks, (2) the degree of scientific confidence

-

in testing, (3) the potential for regulatory delay, (4) variations in program cost.
and (5) the potential for phasing the tests. Examining the characteristics of the
same fault zones directly below the repository level in the Calico Hills will provide
valuable information on the flow of ground water through the unsaturated zone
of Yucca Mountain 8 As at the repository level, additional east-west drifts would
be excavated off the main tunnel through the Calico Hills to allow a full east-west
traverse of the major north-south trending features.

Recently, the DOE has mentioned budget constraints as a possible reason to
forgo exploration across the block below the repository horizon in the Calico Hills.
The Board strongly believes that any decision to forgo exploration of the Calico
Hills using tunneling should be based on a thorough scientific and technical
analysis of site-characterization issues.

7
Faulting and fractunng in the Calico Hills unit is likely to be much different from that in the welded
tutfs of the Topopan Spnng O.e.. the repository leveh because the welded tuf fs are narder and possibly
highly fractured in the fault zones. whereas sort nonweided tuffs are not as highly fractured and may
of fer reduced fracture permeabiliry along faults.

8
To be able to evaluate the nature of faults at different levels it would be desirable to excavate poruons
of the tunnet m ine Calico Hills unit directly below the portal-to-portal loop.

0
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Initiate testing

The DOE's exploratory facility design currently calls for the excavation of
extensive testing areas so that multiple, simultaneous testing can be conducted.
Testing facilities include: 23 test alcoves in the north ramp,21 test alcoves in the
south ramp,44 test alcoves in the Calico Hills ramps and loop, an " alternative
shaft" that extends from the repository level to the surface, and a core test area
consisting of 8.400 feet of tunnel containing numerous alcoves and support
facilities.9

A recent DOE test planning package (YMPO, September 1992) defines 42
testing activities. which will be conducted within the exploratory facility. The 42
testing activities can be grouped into four categories: exploration (16 tests);
thermal (5 tests); hydrogeology/ geochemistry (12 tests); and, geomechanical/en-
gineering (9 tests). Although the Board believes the plan is a good one, it feels
that the facility design and test support are more complex than required for a
well-prioritized and sequential testing program. Many of these testing activities
could be combined or carried out sequentially. This might allow a simplification
of the core test area and, perhaps, of the exploratory facility (see discussion
beginning page 17). In the following discussion, some approaches are suggested
that could make the testing program more efficient.

1. Exploration - test during excavation. A number of testing activities could
be conducted while excavating the tunnels and drifts. These include mapping the
geology; collecting samples of perched water if encountered: collecting rock
samples: evaluating excavation methods; monitoring ground support systems:
monitoring drift stability; and determining the hydrologic properties of major
faults. As noted previously, however, testing during excavation of the portal-to-
portal loop should be limited to avoid intermpting the advance of the tunnel boring
machine.

2. Thermal testing - reinitiate underground testing as soon as possible. A
significant issue curmntly facing the Yucca Mountain project is determining the
most appropriate thermal loading for a repository. Since 1991, a strong rationale
has evolved for the argument that thermal effects will be the main cause of vapor
and water flow in a repository, no matter what therTnal loading ultimately is
chosen. The rationale is based on models that are backed by limited data obtained
from G-Tunnel thermal testing. The G-Tunnel thermal tests were conducted over

9
Based on the 1992 construcuon cost estimate for the expioratory facility (RsN 1992t

10 Thermat loadmg refers to the amount of high. level waste emplaced per acre of tepository area. Higher
loadings cause higher repositorv temperatures. which may help drive motsture away from waste
packages out wrucn may also make projections of long-term repository performance more difficult.
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a nine-month period in welded tuff at Rainier Mesa. Nevada Test Site. Tests
consisted of a single heatersimulating horizontalborehole emplacement of a small
waste package (an alternative to the vertical borehole concept then favored).
Because no additional testing has been conducted since the G-Tunnel effort was
terminated in 1989, these data, which are very limited in scope, provide the only
underground thermal test data available to the program.

Because of this four-year hiatus in underground thermal testing, the program
currently lacks sufficient field testing experience, proven instrumentation for
underground testing, and a well-developed testing strategy. The present DOE
plans call for thermal testing to be conducted in the core test area off the main
tunnel of the portal-to-portal loop. Unfortunately, a recent DOE schedule shows
the reinitiation of thermal testing in the core test area has continued to slip during
thelast 16 months. from November 1996 to early 1998 (DOE 1993). Underground
thermal testing should be reinitiated as soon as possible. The Board believes that
it is critical to develop instrumentation and procedures and gain as much testing
experience as possible pnor to initiating tesung in the com test area. He Board places
high priority on understanding the effects of thermal loading on a potential repository
through a continuing program of thermal testing."

An overall testing strategy presented to the Board by the DOE in July as an
" ideal" approach calls for at least three years of prototype underground thermal
testing (outside of the repository block). This would be followed by testing in the
core test area consisting of two or mom years of test planning, ten years of testing,
and one-and-a-half years of analysis and data reduction.12 All underground test
configurations would be designed to simulate the anticipated repository configu-
ration?

Several proposals for reinitiating prototype underground thermal testing have
been presented to the Board At a Board meeting on the exploratory facility in
November 1992, the DOE reviewed the advantages of developing an in-situ
prototype thermal test facility at Busted Butte (several miles south-east of Yucca
Mountain in an outcropping of Topopah Spring welded tuff). At the July 1993
Board meeting in Denver, the DOE made a strong case for initiating a large
heated-block test, which was referred to as an "off block prototype in-situ thermal

!! In-situ heater tests of sufficient size to melude scaling and heterogeneiry effects are needed to test
fundamental hypotheses. It was proposed that in-situ testing be defined to meet two necas. shon to
medium duration ite.. I to 7 years) to suppon and defend license applicauon. and long duration i1.e..
50 to 200 years to provide performance contirmation t Wilder 1993).

12 ! bid.

13 tbid. One contiguration would make use or 215.5 Kw heaters m three parallel dnfts. simuisting
repository waste emplacement dnits.

N
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test."" This plan involves cutting a 10-ft by 10-ft by 15-ft block out of welded
tuff, installing heaters and instrumentation and initiating testing that would
continue for five to seven years. One disadvantage of this option is the data
obtained would be of limited value because a large block is a poor representation
of a potential repository.'5

Given the potential for continuing delays in the construction of the exploratory
facility - and access to the core test area - development of a prototype
underground testing facility (outside the core test area) may prove to be a very
timely and cost-effective investment. and could reduce the urgency of early
excavation of the core test area.

3. Hydrogeologic/ geochemistry testing - begin as soon as possible. Seven
of the twelve planned hydrology / geochemistry tests are part of the unsaturated-
zone percolation test plan. In its test prioritization studies, the DOE has referred
to these tests as having high priority (YMPO, November 1992). The DOE plans
to conduct these tests in alcoves throughout the exploratory facility to evaluate
fluid and gas flow in geologic units, between units, and across major and minor
stmetures (faults, joints, bedding plane partings). These tests should be started as '

soon as possible but should not interfere with the advance of the tunnel boring
machine during the excavation of the portal-to-portal loop. Here again, perhaps
tests could be camed out from drill platforms that bridge the travel-way behind
the tunnel boring machine so as not to delay excavation.

4. Geomechanical/ engineering testing - perform during excavation. Much
of the needed data on ambient rock characteristics and geomechanical properties
can be gathered through well-planned mapping and construction monitoring
activities conducted during excavation. Tne movements and mechanical stability
of openings can be monitored during excavation using multiposition extensome-
ters. How thermal loadings will affect the mechanical properties of the rock can
be determined as an add-on to the thermal testing needed to evaluate the hydro-
logic properties of the host rock.

14 ! bid.

15 The Board also is aware of a proposal to set up a testing facility at Fran RV.p. This proposal had been
studied pnor to tne Board's inception in 1989. The Board has not been bneieo en the status of this
proposat

M
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Establish exploration and testing strategies, priorities, and goals

The DOE should develop a comprehensive strategy for exploration and
testing. The current revised plans for conducting sequential exploration and
testing, although much improved, are still evolving. Die plans appear to reflect
some degree of general prioritization: however, no detailed documentation has
been made available to the Board that identifies either specific priorities or a basis
for any prioritization. This lack of a comprehensive testing strategy is reflected in
the current complex design of the underground facility, which contains excessive
test support facilities and utilities. Specific milestones for excavation and testing
should be established. The sequence for exploration and testing in the exploratory
facility should be organized around specific intermediate goals and should be
consistent with scientific needs. realistic funding expectations, and the efficient
management of the excavation of the underground exploratory facility.

Continuous reevaluation of the exploration and testing program as the final
design of the exploratory facility progresses will provide the opportunity to fine
tune the program. For example, the DOE should consider relocating some tests
presently planned for the surface-based drilling program to drill sites within the
exploratory facility. Tunneling provides the opportunity to locate the near-venical
faults, which have a strong and local effect on the hydrology and geochemical
properties of the rock. When a fault is crossed. sampling can be undertaken across
the fault and at known distances from it. The resulting data can be better related
to the existing features. In some cases. this could offer an advantage over drilling
long drillholes from the surface. In addition, given the slow drilling rate of the
LM-300 deep dry coring drill and the long drill lengths required when drilling
from the surface, shifting appropriate tests to the underground could speed
program progress and reduce costs.'6

Conclusions

1. Exploring across the geologic block to gather the data necessary for an
early determination of the site's suitability for repository development is of highest
priority. Exploration should be conducted across the site above, at, and below the
repository level. Tunnels should intersect anticipated major faults and any major
unknown stmetures passing through the repository block so that typical in-situ
conditions in the key geologic units (including frequency of fractures) can be
evaluated.

16 'Ihe DOE's sunace based dnlling program foresees dnlling approumately 40 holes to depths of 1.500
to 3,000 ft. The first hole. UZ-16. whicn is I.686 ft deep, took ten months to dnll.

|
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2. Underground thermal testing should be reinitiated as soon as possible. The
DOE needs to understand the effects of heat on a potential repository through the
establishment of a continuous testing program. Because of the four-year hiatus in
underground thermal testing and the possibility for continuing delays in the
excavation of the exploratory facility, the development of an off-site underground
test facility has merit. Such a facility also could reduce the urgency of early
excavation of the core test area.

3. Some drilling and testing presently planned for the surface-based program
could be accomplished better (or more economically) from drill sites within the
exploratory facility.

4. He program lacks a comprehensive strategy for exploration and testing
that is based on established intermediate goals and is consistent with the scientific
needs of site characterization, realistic funding expectations, and the efficient
management of the excavation of the underground facility. Although greatly
improved, the current exploration and testing program should contain specific
milestones and priorities for exploration and testing in the exploratory facility.

Strategiesfor Design and Excavation of the Exploratory Facility *

The design of the underground facility and the DOE's excavation approach
have evolved substantially during the past four years. At the Board's July 1993
meeting, the DOE presented the most recent proposed changes to its current
exploratory facility design. The Board believes that several of tl. proposed design
changes (e.g., reducing tunnel gradients) offer improvements over the previous
design. Some of the changes being considered require further evaluation (e.g.,
realigning the portal-to-ponal loop: for example, at what distance should the
portal-to-portal loop parallel the Ghost Dance Fault?).

The Board would like to take this opportunity to briefly review strategies it
believes will funher improve the DOE's current exploratory facility design and
speed the underground excavation and testing program. Although the following
discussion addresses the original baseline plan, recently proposed changes to the
current design also are addressed where appropriate. The Board suggests that the
DOE consider the following options during excavation of the underground
exploratory facility.

5
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Delay compering excavation activities until completion of the portal-to-portal.

loop

The fastest. most economical excavation of the 26,000-ft-long portal-to-portal
loop from the north portal through the main tunnel to the south ponal would be
to proceed without competing simultaneous excavation activities from the same
portal. Multiple excavation activities from a single portal will interfere with the
advance rate of the tunnel boring machine. Interruptions to machine operation
should only be allowed if the need arises to gather critical. repository-relevant
scientific data that would later be unrecoverable. After the machine has transited
from the nonh to south ponals (an operation that should take about 12 months),
access would be available from the south ponal for excavating alcoves and
turnouts and to begin early testing activities. At the same time. activities support-
ing excavation of the exploratory facility, such as mucking 17 could be continued
from the north ponal. The Board strongly suppons the DOE's recent proposal to
dnve the portal-to-portal loop without interrupting the advance of the tunnel
boring machine.

After completing the ponal-to-portal loop, excavation of additional east-west
tunnels. as well as the core test area. can begin using a smaller tunnel boring
machine. Driving a tunnel west to the Solitario Canyon Fault zone is high priority
because it would complete a full east-west traverse of the major nonh-south
trending features. Also high priority is excavation through the Calico Hills unit
directly below the proposed repository horizon. To be able to evaluate the nature
of faults at different levels it would be desirable to excavate ponions of the tunnel
in the Calico Hills unit directly below the portal-to-portal loop. Access to the
Calico Hills could be obtained from the nonh-south ramps (see Figure 2) or from
a separate surface portal. Creating a separate portal offers the advantage of
reducing the number of activities taking place off the portal-to-ponal loop and
reducing the possibility of adversely affecting the repository operational area. A
separate ponal also might allow excavation of the Calico Hills unit to be carried
out as early as funding will allow.

Use rail to support tunnel boring machine operation

The Board recommends the use of rail. rather than rubber tired vehicles. to
support tunnel boring machine operations. The use of rail to transport people and
materials in and out of the tunnel is more efficient and cost-effective. Rail will

17 The removal of all excavated rock (muck) will be undertaken using a conveyer. which will transport
the excavated rock nut thrmgn the north portal. Conveyer operations should be devoted entirely to the
support of the tunnel bonng machine until compleuon of the portal-to-portal loop.

14
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greatly reduce the potential for introducing petroleum products into the under-
ground. Rail lines can be laid quickly on excavated tunnel floors without further
Door preparation. and rail will allow a wider ventilation area and make it easier
to back up the tunnel boring machine during excavation of alcoves. Finally, rail
transport offers the safest means of controlling the movement of people into and
within an underground facility. In addition. the use of rail generally requires a
smaller operational area (7-by-7-ft rather the 12-by-12-ft required by rubber tired
vehicles [Sperry 1993 D, which will allow a more efficient use of the tunnel space.
This space could be used, for example, to install platforms that bridge the rail from
which testing and drilling operations could be carned out during excavation of
the ponal-to-portal loop without interrupting the advance of the runnel boring
machine. This could allow early initiation of imponant hydrogeologic testing
activities while reducing the number of alcoves that will be needed.

The use of conventional rail support for tunnel boring machine operation
requires relatively Hat gradients along the lengths of the tunnel.'8 During the July
1993 Board meeting, the DOE presented proposals to reduce the relatively steep
gradients in the baseline plan. The Board supports the DOE's decision to lower
the gradients along the ramps and main tunnel to 2.6 percent or less, which allows
the use of conventional rail transport during exploratory facility construction.

Keeping the gradients along the tunnels relatively flat offers an additional
advantage. Dunng recent months. interest has increased in emplacing large.
self-shielding waste packages in repository tunnels (in-drift emplacement). An
exploratory facility with steep gradients couldforeclose the use of conventional
rail in a repository. If in-drift emplacement proves to be the preferred strategy,
repository gradients should be Oat, and the option of rail transport to haul the large
waste packages should be maintained.

Excavate smaller diameter tunnels outside the portal-to-ponalloop

The portal-to-ponal loop, which will be advanced without competing excava-
tion activities, will be excavated with a 25-ft-diameter tunnel boring machine. The
DOE plans to excavate all other tunnels (including those excavated off the
portal-to-portal loop) using smaller tunnel boring machines.19 There are sound

18 The basetine plan (DOE 1988L as revised in 1991 as a result of the EsF Alternatnes Study (sNL
1991). shows steep gradients t'or the mam nortn-to-south loop: a slope of 6.9 percent tram the nonn
ramp to the Topopar. 5pnng level. then a slope or 4.7 percent across the block, and a 1.6 percent chmb
to the soutn portal. Tnese gradients are too steep t'or the use of conventional rail.

19 This includes the tunnels in the underiving Calico Hills formauon. m the east-west exploratory tunnets,
in the core test area, and in any prototype testing facility.

M
_ _ _ _ _ _ _ _ _ - - - _ _ _ - - _ _ - - - - _ - - - _ _ _ - - - _ _ _ _ _- _ _ __



|
.NWTRP -Undergrotand Exploratton and Tesitng -

,

*
.

, technical. cost. and schedule reasons why excavating smaller tunnels outside the
ponal-to-portal loop is preferable. Smaller diameter tunnels are more stable
structurally, panicularly when excavating in fault zones. Using a smaller machine
outside the portal-to-portal loop will be more efficient and more cost-effective
because smaller diameter tunnel boring machines advance faster through rock.2
can be moved more rapidly from point to point and can be used more efficiently
to excavate intersections. Finally, the smaller the tunnels, the easier they are to
backfill if they cannot be integrated into a potential repository.

The Board supports the DOE's decision to use a smaller machine outside the
portal-to-portal loop. However, the DOE must plan now for the start of additional
tunnels with at least one, perhaps two. smaller tunnel boring machines. According
to the DOE schedule (DOE 1993), the new 25-ft machine should begin excavation
of the portal-to-portal loop in July 1994. Based on industry standards and the DOE
decision to excavate portal to portal without interruption. excavation of the
portal-to-portal loop should take no more than approximately 12 months. If this
schedule is met. the contractor should have the smaller tunnel boring machine on
site ready to begin excavation by July 1995.

The Board is concemed that possible delays in acquiring a smaller machine
could further delay the site-characterization program. Because of these potential
delays and because of budget constraints in the program, the Board suggests that
the DOE let the contractor acquire all future machines (equipment should be
owned by the contractor). A number of options are available for obtaining a
machine at much lower costs in much less time than was required for the DOE to
purchase the new 25-ft machine. For example, the contractor could rent. or
possibly purchase. a used machine for use on the project.

20 Industry expenence dunng the last few years indicates that mmimum overall advance rates dunng
tunneling should run about 100 ft per working day for a 25-ft maciune and 125 ft per workmg day for
.m 18 ft machme m the welded tuff of the Topopah Spring fonnauon. Rates m the softer nonwelded
tuff of the Calico Hills formauon for a 16- to I8-ft machine should average 175 ft per day.
Construcuon nsks and delays increase with mcreased tunnel size and include deisys to mstall
additional rock support in fault zones or other zones of low rock quality; for increased mactune |
maintenance due to larger, less reliable components: for more frequent cutter enanges (especially in .,

* 1hard rock t and slower production rates. Costs also increase with increasing size. Expenence shows
that a 25-foot tunnel costs about 1.5 times as much as an 18-foot tunnet. ISee also Gertsch and
Ozdemar 1991.)

21 in a recent memorandum (NWTRB August 1993L the Board recommended to DOE management that
consideration be given to acquinng a govemment-owned tunnel bonng machme currently parked in ,

N. Tunnel at Ramier Mesa. Nevada. for use at nearby Yucca Mounuun. |

M
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Use a tunnel boring machine to excavate the core test area (
l

The core test area will be the location of critical intermediate and long-term
thermal testing. To maximize the ability to extrapolate test results to repository
scale. this testing should be carried out under conditions that approximate as
uactly aspossible the conditions in a potential repository, which will be excavated ,

using a tunnel boring machine.22 Under the present design, the core test area is |

very complex (see Figure 3). It contains many rooms and alcoves, a number of
which have been designated for use as offices, store rooms, shops. and ware-
houses. Its current configuration contains many right-angle intersections making
excavation with a tunnel boring machine impossible. The Board recommends that
the core test area be simplified to allow excavation using a full-face tunnel boring
machine that is capable of a small turning radius. Alcoves planned for activities
other than thermal testing should be minimized. Use of drill and blast technology

or other equipment. such as a mobile miner or other high-risk technologies, should
be avoided.2

Reduce and simphfy surface and subsurfacefacilities and utilities i
|

Plans for surface and subsurface facilities and utilities have not been modified (

sufficiently to reflect the revised excavation plan: they still reflect to a large degree |

the extensive support necessary for multiple operations from the same portal and
simultaneous testing.24 At the recent north ramp 90 percent design review. the i

Board leamed that the muck conveyor system is still being designed to support I

multiple excavation operations from the same portal as well as drill and blast [.
operations during the excavation of the portal-to-portai loop. Now that the DOE
has decided to delay competing excavation activities until after completing the
portal-to-portal loop and to use smaller tunnel boring machines for all other

,

I
i

22 A recent LLNt. pmpublication report (Buscheck. Wilder. Nitao 1993) argues that heater tests are f
Arequired withm the proposed repository block at thermal loading conditions that are representauve of

proposed repository conditions. j
23 Two significant concerns are the roughness of tunnel walls and the extent of fractunng of rock i

surroundmg the tunnels that would be created usmg dnll and blast methods. Roughness may affect er

radiauve near transrer from waste packages to tunnel walls. Mechamcal stability and stress conditions !
m the wall rock would also be sigmilcantly altered by dnlling and blasting.

24 For examole. sueport facilities at the Topopan springs level consist of a power substation, waste water ,

'facility. and 18J00 ft of unliues including dual 15kv power feeds mecharucal unliues is 6"
compressed air line. an 8" water hne, and a 6" drain imes, and an integrated data system i fiber opuest.
The core test area conuuns a power substanon. and 10.500 feet of utilities. The Calico Hills contams a ,

w aste water racility, shop facility. two power substations, and 13.300 feet of unlines iRsN 1992).

i
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Figure 3 - currently proposed core test area fgzon view,
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excavation. the underground utility requirements are no longer needed. They 6
should be reduced to reflect the revised sequential exploration and testing pro- h
gram. ;g

n

Portal development and surface facilities also should be simplified to reflect f
the requirements of the revised program. The Board strongly suppons the DOE's p
recent decision to eliminate the steel arch portal extension in the north portal and y
suggests other simplifications, such as the use of temporary surface support lj
facilities, to save money and speed program progress. y,

Ib

Developpossible reposimry designs in conjunction with the evolving exploratory p;
facility design

As mentioned above. if the site at Yucca Mountain proves suitable and is j|
licensed by the Nuclear Regulatory Commission for repository construction, the f
exploratory facility would probably become an integral part of the repository. f'

i

Although extensive tunneling will be required. the exploratory facility should be i,;

no larger than necessary for exploration and testing. At the same time. potential iy

repository preliminary designs must be developed in conjunction with the final p
design of the exploratory facility.

E(.
a

Possible options for a repository design were presented to the Board by the y
DOE in 1990 and again recently. One design included a multilevel repository with L
flat gradient (near horizontal) tunnels at each level. This design would allow the [
use of conventional rail during the construction of the proposed repository as well ,

as during repository operation. As already mentioned this option is becoming
more attractive as interest grows in the use oflarge, self-shielding drift-emplaced ,

waste packages. The current change in the exploratory facility from steep to flat |

gradients is compatible with a multilevel repository design.
.

Conclusions

1. The DOE's current plan to advance the tunnel boring machine through the
portal-to-portal loop at the repository level from the north to the south portal
without interruption from competing excavation or testing operations is strongly
supported by the Board. This is not only the most efficient and cost-effective
construction approach, but it also will allow earliest access to major geologic
features and provide access to the exploratory facility from both the north and
south portals. Assuming only minimal delays. this transit can be accomplished in
approximately 12 months.

M
-



r

, NWTEFL-Underground Explorsuon and Tesung'

*
.

.

4

1

2. The use of rail, rather than rubber tired vehicles, is the most efficient and '

.

cost-effective way to support tunnel boring machine operations. Rail will allow :

more efficient use of tunnel space. )

3. Plans are not yet under way to acquire additional smaller diameter tunnel
boring machines for excavating tunnels off the portal-to-portal loop and in the
core test area. Possible delays in acquiring smaller machines could further delay
the site-characterization program.

4. The surface and subsurface facilities and utilities still have not been
sufficiently reduced to reflect recent project changes. Once that has been accom.
plished the site-characterization program can proceed more quickly and at
reduced costs.

5. Conditions in the core test area, the site of critical intermediate- and
long-term thermal testing, should approximate as precisely as possible conditions
that will be present in a potential repository. Excavating the core test area using
a full-face tunnel boring machine rather than using drill-and-blast techniques or
other high risk excavation technologies, will create the necessary conditions.

Recommendations

The Board makes the following recommendations.

Recommendationsfor exploration and testing

1. Explore across the block to access the major geologic features, many of
which are near vertical and north-south trending. These features should be
explored above, at, and below the repository level. Any changes to this plan should
result from sound analysis of site-characterization issues.

2. The DOE should reinitiate its underground thermal testing program as soon
as possible to allow the development of instrumentation and procedures and to -

gain as much testing experience as possible prior to initiating testing in the core
test area. Given the potential for continuing program dehys - including delays
in excavating the core test area-development of an underground testing facility

'

(outside the core test area) may prove very timely and cost-effective.

M
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3. Existing plans should be expanded to produce a compreitensive strategy
for exploration and testing. Priorities and goals should be based on specific
intermediate goals and be consistent with the scientific needs of site charac-
terization and with realistic funding expectations. The strategy should reflect an
integration of exploration and testing priorities with efficient excavation of the
underground facility based more on current practices in the underground construc-
tion industry.

Recommendationsfor design and excavation

1. The DOE's plan to excavate all tunnels other than the portal-to-portal loop
using smaller tunnel boring machines is a good one. However, considering the
schedule for the portal-to-portal loop, plans must be made now to acquire at least
one smaller tunnel boring machine so that excavation of other tunnels can begin
as soon as the portal-to-portal loop has been completed. The construction contrac-
tor. rather than the DOE, should write the specifications for and purchase its own
machines based on the needs of the project.

2. Surface and subsurface facilities and utilities should continue to be simpli-
fled to retlect the new excavation sequence: as part of this effort, the core test area
also should be simplified so that it can be excavated using a full-face tunnel boring
machine.

|

' !

!
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Management at the Project Level

The Board recognizes the complex regulatory and oversight cons: mints facing the
* U.S. high-level waste management program in general and the challenges inherent

in managing this large scientific and engineering project in particular. Howevel,
most of the construction activities required to develop the exploratory facility are
well within the experience of the underground construction industry? Tunnel
support and excavation conditions are not particularly extreme as compared to
other underground projects, and technology for rapid and safe excavation and
tunnel support are well developed. The Board believes a wealth of expertise and
experience exists from which the DOE could draw -even for this first-of-a-kind
facility.

Project Decisions

The Board has found that important project decisions often do not reflect what
would be considered standard practice in the underground construction industry.
Three areas where improvements would make the project more efficient are
discussed briefly below.

1. Contracting practices for the project are not typical of the industry and do
not encourage competition or innovation. According to the DOE. a cost-plus
award-fee contract was chosen for the exploratory facility because construction
goals are subject to being overridden by scientific and technical needs. However,
the Board remains unconvinced that a cost-plus award-fee contract is the best type
of contract to be used for the design and construction of the exploratory facility?
The standard industry contract is the firm fixed-price contract, which is open to
competition and awarded to the lowest bidder. It is the most common type of
contract used because it provides the greatest performance incentives to the
contractor.

To help control the cost and time required for exploratory facility construction.
the DOE should develop cost and schedule incentives for current contracts. The

,

Board also suggests that the DOE consider using conventional fixed-price or |;
cost-plus incentive-fee contracts on future portions of the exploratory facility?

t

25 Underground construcnon industrv refers to those who pamcipate in the construenon of permanent
underground facilities (e.g. hydroefectnc. public transportauon. public water systems L -

26 Quesuons also have been raised by DOE Assistant Secretary Thomas P. Grumbly about the efficiency
of the DOE's award fee contracts (Energy Dady, Monday. July 19.1993). t

27 This type of contract could be used. for example, for the excavauon of accesses and the traverse of the
Calico Hills. especially if exploranon is conducted from a separate portal or dunng the construccon of
a prototype thermal test facility.

E
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The Board also believes that, to avoid the potential litigation associated with
contractual relationships, a disputes review board should be included in all
construction contracts. These boards have been used successfully for 20 years in,

the construction industry to reduce the adversarial relationships between owner
and contractor that often result from differing contract interpretations. Standard
contract language exists for establishing a disputes review board.:s

!

2. The DOE departed from the standard practice in the underground construc-
tion industry when it developed speci6 cations for and purchased a new 25-ft
tunnel boring machine. There is little precedent in the industry for the owner of a i

'project purchasing the tunnel boring machine that will be used by a contractor on
a cost-plus basis. The typical approach is to obtain the services of a contractor
who then writes the specifications for and purchases (equipment is owned by the ,

contractori all of the equipment necessary to do the job, including the tunnel L

boring machine, its trailing gear, and any other elements necessary to support '

excavation.29 When the job is over, the contractor has the option of selling the o

machine and equipment or using it on anotherjob. !

L

3. In general, the Board believes that the excavation of the exploratory facility y
could be accomplished more quicidy and at less cost if the tunnels and support p
facilities were designed only to meet the needs of exploration and testing. Instead, s

h,f
the DOE appears to have overdesigned the exploratory facility. For example, the
number of alcoves in the facility in general and in the core test area specifically
are excessive (see discussion, page 17). The portal-to-portal loop is being exca-
vated with larger diameter tunnels than necessary for an exploratory facility,30and y
it appears that many special, and probably unnecessary, features are included in g
the DOE's specifications for the new 25-ft tunnel boring machine. Finally, utilities g
and support facilities are in excess of what is required for this exploration program. 1
Reducing the complexity of the facility and of the surface and subsurface facilities j
and utilities will speed program progress and reduce costs. ;

The U.S. underground engineering and construction industry is a world leader .

in designing, managing, and constructing major underground projects. If the DOE
were to adopt applicable technology and aspects of the design, management, and

,

28 See Nauonal Research Council.1974 and Amencan Society of Civil Engtneers.1991.

29 The contractor is completely accountacle for the performance and daily operation of the machme. As a
result. the contractor will be motivated to design, acquire. operate, and mamtain all equipment
(including tunnel bonng machinesi m a umely and cost-effective manner.

30 in a March 1993 letter to the Secretary of EnerFy iNWTRB. March 25.1993). the Board expressed its
j view that "the tecnnical basis for the DOE's choice of larger diameter tunnels for assessmg site

suitability was not a compelling one."

M
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engineering practices used in the industry, time and cost savings could be realized.

that could help minimize potential delays and free money for important scientific
and technical activities.

To take advantage of this existing experience, the DOE should establish as
soon as possible a geoengineering board, which would work with the technical
and management staff and report to Yucca Mountain project management. Large
underground construction projects, such as subway systems, the superconducting
super collider, and hydroelectric facilities, use such geoengineering boards.These
boards are typically composed of four-to-seven members with expertise in engi-
neering, constmetion, and management of large underground projects. Such a
geoengineering board could meet regularly with Yucca Mountain Project man-
agement. staff, and contractors to review detailed decisions early on - when they
arefirst being made. Potential members should be nationally recognized and be
selected based on experience serving on similar boards for projects of commen-
surate complexity 3

The DOE does at times use technical review panels. However, these :echnical
reviewers traditionally are employed by the DOE or firms that are under contract
to the DOE, and they often lack adequate experience on tunneling projects of
similar complexity. For example, at the recent 90 percent design review, of 41
review team members, all were employees of the DOE or under contract to the
DOE on this program,32 and few had experience on projects using tunnel boring-
machines. As a result, issues such as those mentioned above, which could easily
have been resolved early in the design stage by a geoengineering board, were still
being evduated during the 90 percent design review.

Organizational Structure and Management at the Project Level

As the Board stated in its SpecialReport, the overall civilian radioactive waste
management program (OCRWM) is large and diffuse, and specific responsibili-
ties are unclear. This also is true at the Yucca Mountain project level where
numerous contractor groups have been hired to perform engineering and constme-
tion tasks. As of November 30,1992, employees from 24 organizations were
working on the project.33 Multiple levels of management are involved in decision
making, and responsibilities are unclear.

31 Because of the breadth of its mission and reportmg mandare. the NWTRB is not equipped to carry out
the detailed review diat would be asked of such a geoengmeenng board.

32 Presentauon at the DOE's 90 Percent Design Review, July 19.1993 (TRW 1993).

33 More than 1236.7 full-time eqtuvalent contract employees I DOE 1992).

M :
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The OCRWM hoped to be able to place a repository in operation by 2010
through very large increases in annual funding. However, these increases have not
been requested by the DOE, nor appropriated by Congress. When increased
funding seemed likely, or at least plausible, maintaining a large project overhead
and infrastructure may have appeared reasonable. However, concem has been
expressed during the past year by a number of organizations. including Con-
gress.34 about the high proportion of funding going to program overhead and
infrastructure. The Board is concerned that relatively small amounts of funding
remain for important scientific and technical activities.

The problem of funding allocation has had an ongoing effect on the program's
technical activities. For example, citing lack of funding, the DOE tenninated
thermal testing in G-Tunnel in 1989 and delayed initiation of underground
exploration and testing in 1992. These delays, together with the DOE's attempt
to meet overly optimistic program deadlines, resulted in an excavation approach
that called for multiple excavation activities from a single portal and a compressed
schedule for conducting important tests, including tests related to thermal loading.
Although the DOE recently has proposed (and the Board supports) changing its
excavation approach, funding choices will likely continue to affect site-charac-
terization efforts. For example, recently the DOE cited potential lack of funding,
rather than sound technical analysis, as a possible reason to forgo excavation of
the Calico Hills unit. And funding choices may affect when important under-
ground thermal testing will be reinitiated, or when the contractor will begin
acquisition of another tunnel boring machine.

The Secretary of Energy has recently committed to undertaking a review of
the financial aspects of the civilian radioactive waste management program. The
Board recommends that such a review include an evaluation of the effects that
funding allocation decisions could have on progress in the site-characterization
program. To improve financial accountability and free additional money for site
work and testing, the Board believes that the DOE should develop a more efficient
system for managing the exploratory facility design and construction. Emphasis
should be place on improving accountability and on establishing incentives for
cost-effective and timely performance of the contractors. A more efficient man-
agement structure should allow the DOE to allocate a portion of funding currently
going to the project's overhead and infrastructure to the exploration and testing
pmgram. Funding allocation decisions should be made in such a way as to ensure
that the momentum of the exploration and testing program currently under way
at Yucca Mountain is maintained.

|
34 U.S. Congress. House 1992: U.s. Congress. Senate.1993: GAO 1993.
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Conclusions

1. As many have noted, a high percentage of funds have been allocated to
maintain a large overhead and infrastructure. This has left relatively limited
amounts for site-exploration and testing activities. The DOE cited insufficient
funds as the reason for terminating underground thermal testing in 1989 and for
the delay of the design and construction activities for the exploratory facility in
'1992. Although underground work has begun,if the DOE does not allocate more
funding to the exploration and testing program, the delays will likely continue.

2. Contracting and purchasing practices established by the DOE do not
contain incentives for cost-effective and timely performance of contractors.

3. Project management is diffuse, and the decision making process involves
many different contractor organizations, multiple levels of management, and
unclear accountability.

Recommendations

1. Consistent with practices in the underground construction industry, the
DOE should establish a geoengineering board with four-to-seven memben who
have expertise in the engineering, construction, and management of large under-
ground projects. Members should be nationally recognized and be selected based
on their previous experience serving on similar boards. Such a geoengineering
board would meet regularly with Yucca Mountain project management, staff, and
contractors to review detailed decisions early on - as they are being made and
to provide guidance on improving the management of the design and excavation
of the exploratory facility.

2. The DOE should develop a more efficient system for managing the
exploratory facility design and construction that contains greater accountability
and incentives for cost-effective and timely performance of the contractors.

3. The Secretary of Energy's review of the financial aspects of the civilian
radioactive waste management program should include an evaluation of the
program's funding allocation decisions. This review should help find ways to
maximize the funds that are being made available for scientific studies and to
ensure that the momentum of the exploration and testing program under way at
Yucca Mountain is maintained.

2r.



[ l
i

'

t .
Reiciene-

i

,

.

References
I

American Society of Civil Engineers 'lechnical Committee on Contracting Practices of
the Underground Technology Research Council.1991. Avoiding and Resolving
Disputes During Construction: Successful Practices and Guidelines.1991. New
York.

Buscheck. T., D. Wilder and J. Nitao.1993. Pre. publication report. Large. Scale In Situ
Heater Testsfor Hydrothermal Characterization at Yucca Afountain. January I993.
Prepared for the American Nuclear Society International High Level Radioactive
Waste Management Conference, April 26-30,1993. Lawrence Livermore National
Laboratory.

DOE.1988. Site Characteri:ation Plan. Vol.111, Pan A. (hfodifiedfrom SNL 1987).
| December 1988. Washington, D.C.

DOE.1991. Yucca Mountain Site Charactentation Project. Title I, Design Summary
Repon. Vol. 3. Design Drawings. September 3,1991. Washington, D.C.

DOE.1992. OCRWM Contractor FTE by Program Area and Location, n1ndout from
joint OCRWM/M&O Program Management Review meeting, December 3,1992.
Las Vegas, Nevada.

DOE.1993. Critical Path Network NEWESF. May 20,1993. Las Vegas, Nevada.

Energy Daily. "Giumbly Takes Stock. Sees Need For Changes." Monday, July 19,1993.
Vol. 21, Nr.136; p l. .

GAO (General Accounting Office).1993. Nuclear Waste: Yucca Mountain Project
Behind Schedule and Facing Major Scientific Uncenainties. Report to the Chamnan.
Subcommittee on Clean Air And Nuclear Regulation, Senate Committee on Envi-
ronment and Public Works. GAO/RCED-93-124. May 1993. p30.

Gensch. R. and L Ozdemir. I991. Performance Prediction ofMechanical Ercavators in
Yucca Mountain Welded Tuffsfrom linear Cutter Tests. Draft report, submitted to
Frank Hansen. Sandia National Laboratories. SAND 91-7038. Eanh Mechanics In-
stitute. Colorado School of Mines, Golden, Colorado.

National Research Council (National Academy of Sciences).1974. Better Contracting
for Underground Construction. Repon of the Committee on Tunneling Technology.
1974. Washington, D.C.

NWTRB. March 1993. NWTRB SpecialRepon to Congress and the Secretary ofEnergy.
March 1993. Washington, D.C.: U.S. Government Printing Office.

NWTRB. March 25,1993. Letter to Secretary of Energy Hazel R. O' Leary from Nuclear
Waste Technical Review Board Cha2rman John E. Cantion. March 25,1993.

NWTRB. August 1993. Memorandum to Lake Barrett, Acting Director of OCRWM from
Nuclear Waste Technical Review Board Executive Director William Barnard. August
17,1993.

OCRWM.1993. ESF Changes Under Consideration. Presentation before the NWTRB
by Roben Sandifer, MGDS Development Manager, July 13-14,1993.

27



I
' % wiR8 -Underground Exploranon and Tesung

*
,

.

REECO (Reynolds Electrical and Engineering Company). 1992.123 Yucca Afountain
Project,1.2.3 Drilling Schedule. May 16,1992. Las Vegas, Nevada.

RSN (Raytheon Services Nevada).1991. ESF Ramp Gradient. Presentation before the
NWTRB by Bruce Stanley, Lead Mining Engineer, September 18,1991. Las Vegas,
Nevada.

RSN.1992. Erploratory Studies facility: Revised Title I Construction Cost Estimate.
Report prepared for the Yucca Mountain Site Characterization Project Office. July
1992. Las Vegas, Nevada.

SNL (Sandia National Laboratories).1991. Exploratory Studies Facility Alternatives
Studyt Final Report. SAND 91-0025. September 1991. Albuquerque, N.M.

Sperry, P.1993. Letter report to the NWTRB on DOE 50% Design Review ofESF Design
Package 2, April 23,1993.

TRW Environmental Safety Systems, Inc. (OCRWM Management and Operating Con-
tractor). 1993,90% Design Review - Design Package 2A. July 19,1993. Las Vegas,
Nevada.

U.S. Congress House.1992. Conference Report on Afaking Appropriationsfor Energy
and Water Developmentfor the Fiscal Year Ending September 30.1993. andfor
Other Purposes.102d Cong.,2d Sess., September 15,1992. H. Rept.102-866: p80.

U.S. Congress Senate.1993. Committee Report on the Energy and Water Development
Appropriation Bill. 1994.103d Cong.,1st Sess.. September 1993. S. Rept.103-000;
p128.

Wilder D.1993. Waste Package Environment Thermal Tests. Presentation to the Nuclear
Waste Technical Review Board, full Board meeting on Thermal Loading: The
Integration of Science and Engineering, July 14,1993. Official transcripts.

DiPO (Yucca Mountain Site Characterization Project Office).1991. Record Afemoran-
dum: Risk / Benefit Analysis ofAlternative Strategiesfor Characterizing the Calico
Hills Unit at Yucca Aiountain. Rev. O. Ianuary I991. Las Vegas, Nevada. .

n1PO. September 1992. Preliminary Test Planning Packagefor Support ofPre Title 11 |
Design Studies: Planned Exploratory Studies Facility Tests 91-5 Rev. O. September i

1992. Las Vegas, Nevada.

YMPO. November i992. Draft FinalReporr: Integrated Test Evaluation Frameworkfor
Prioritizing Testsfor the Yucca Afountain Site Characterization Project - Reference

,

Notebook. November 12,1992. Las Vegas, Nevada.

10 CFR 60 (Code of Federal Regulations) 1993. Title 10, Energy, Part 60, " Disposal of '
High-Level Radioactive Wastes in Geologic Repositories."

|
r

.

D

qus&

I

- - - _ _ _ _ - - _ _ .


