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CENTER FOR NUCLEAR WASTE REGULATORY ANALYSES
Washington Office

MEETING/TRIP REPORT

November 5, 1993

SUBJECT: NRC GClobal Positioning System (GPS) activities in the Yucca
Mountain region under direction of G. Birchard (NRC) and B.
Weraicke (CalTech) — CNWRA participation in collection of
data from sites at and near Yucca Mountain and along the
Hun’er Mountain and Northern Death Valley (right-lateral
strike-=1ip) fault zones

DATE and PLACE: October 15-21, 1993 - Yuceca Mountain and Region West of
Yuececa Mounntain, Nevada/California

AUTHOR: G. Stirewalt
PERSCNS PRESENT:

NRC Qthers

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)(1l) through (13), regulatory
concerns exist about Quaternary deformation (faulting and seismotectonics) and
{gneous (tectonovelcanic) activity at the potential high-level radicactive 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, Wernicke from NRC Research under a project managed by G. 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 boundy
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 millimecers. The general procedure
involves periodic measurement of the survey stations to determine their exact
positions using satellite signals. Consequently, any contemporary tectonic
movement can bi detected and rates and patterns of the strain can be determined.
This type of i{uformation will provide important input for alternative tectonic
models of the Yucca Mountain region to be constructed by CNWRA 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 continuatior 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(e¢)(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(e3(13) and (l4) = KTU is "correletion of earthquakes with tectonic
features” - LARP Review Plans 3.2.1.7 and 3.2.1.8 (NRC, 1993).

. 60.122(¢)(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 sutlined in the CNWRA Tectonics Research Project Plan (Young
and Stirewalt, 1993). Based on consideration of the three KIUs 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 CNWRA 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 GPS
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 1992 survey campaign. Stations for the campaign
utilized either previously-surveyed USGS benchmarks or rewly-surveyed points
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Figure 1. Sketch Map Showing Locar.on 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 campaign, 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 GPS project.

(1) Stations along the Huntexr Mountain fault zone

(2)

(3)

"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° 24' W, elevation 1900m,

“Jackass" - east side of fault

latitude 36° 32' N, longitude 117° 32' W, elevation 1900m.

"Hunter" - east side of fault

latitude 36° 34' N, longitude 117° 29' W, elevation 2000m.

= a ‘1’ -

“Tin Pass" — west side of fault
latitude 36° 52’ N, longitude 117° 30' W, elevation 1500m,.

"Sandstone" — west side of fault
latitude 37° 1° N, longitude 117° 27' W, elevation 700m.

“"Crape" -~ near fault
latitude 37° 0’ N, longitude 117° 22’ W, elevation 700m.

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

"Dante” - east side of fault along the Black Mountains front

latitude 36° 14' N, longitude 116° 44’ W, elevation 1664m,
Stati in the Y : s ol

"Claim" = on Bare Mountain, west of Bare Mountain faulrc
latitude 36° $3’ 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,

"67TJS" = near Fortymile Wash, east of Yucca Mountain
latitude 36° 49' N, longitude 116° 24’ W, elevation 1000m.
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"Wahomie" -~ east of Yucca Mountain
latitude 36° 47' N, longitude 116° 22' W, elevation 11N0m,

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

SUMMAKY 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 disc (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 aiso
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
meagurement 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 i{s a sample form for dssiription of the GPS stations.

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

Teams were deploved to the following stations along the Northern Death Valley
fault zone: Tin Pass, Sandstone, Crape, 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 Stations aleng the Hunter
f Mountain Fault Zone and to Station Nevada 1 for Tie-in

Teams were deployed to the following stations along the Hunter Mountain fault
zone: Lee Flats, Flats, Jackass, and Hunter, ©P. Elosegi 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 Pluten.
y 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 tvace ol rhe Hunter
Mountain fault zone. A total of 1160 records were obtained, using up to 6
satellites at a time (l5-degree elevation screen and 30-second recording
interval).

October 18 (Monday) — Deplovment of Teams to Stations in the Yucca Mountain
Vicinity and to Station Nevada 1 for Tlie-in

Teams were deployed to the following stations in the vicinity of Yucca Mountain:
Claim, Black, Mile, 67TJS, and Wahomie. Because it 1is 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 Gctober 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 1l0:46am. :

After equipment was deployed, quick side trips were made to the Exploratory :
Studies Facility (ESF) 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 drift. 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 Stations Mile, 67TJ5, and Wahomie and
Reoccupation of Station Dante for Tie-in Survey

After obtaining my badge at Lathrop Wells gate. 1 drove to station Wahomie for 7
removal of the GPS 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 (l5-degree elevation screen and 30-

second recording interval). A

B. Baker, G. Birchard, and 1 reoccupied station Dante to conduct a l-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

-4



a USCS benchmark rather than on the reference marker (RM2) occupied in the
current (1993) survey. This rapid reoccupation will make it possible to directly
compare Gata from the 1991 and 1993 surveys once the more recent survey data are

processed.

October 20 (Wednesday) — Acquisition of Maps 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. 1 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 Meeting at FOC: After 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.

‘ After 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. Yome mineral-lined vugs as large as 10-15cm 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
the "breccia" as the writer has observed at other localities near the Yucca
Mountain site (e.g., at the Fran Ridge block test site). Because the exposure
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.
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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 scon-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,

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 Acquired: 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 (cobtained 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 ty CPS data.

It is recommended that CNWRA become more actively involved in the CPS 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 after additional planning
discussions., If involvement is to occur beyond FY9% K a supplementary research
plan will be prepared for NRC review and approval as specified in the Tectonics

P ———



Research Plar. (Young and Stirewalt, 1993). Continued involvement by CNWRA in the
GPS effort weuld keep CNWRA and NRC in the forefront of tectonics investigations
{n the Yucca dountain region and would assist with assessing tectonic models and
related infoimation to be provided for NRC review by DOE during prelicensing and

licensing phases.
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ATTACHMENT 2
GPS Daily Observation Log

UNAVCO (1 nsverwary NAVSTAR Comsortocm

Station Name:

Yucca Mountain 1993

Page 1 of 2

UCAR. Bowsder, CO., L'SA

4-Char 1D:

Location: City: _
Monument Inscription: Country: USA
System Number Operators: Agencies:
TYPE MODEL SERIAL No.
Receiver 1rumble 4000 SSE
Antenna Trimble ~ SST .
Tribrach Wild Antenna Ht. Above
iy 7 e Slant Height [_] Ve mcal Helght D
Receiver Software & Version: ‘ Notch No. Before After
Cable Length: Coliection Rate: i
What s onentation of eye piece with respect to North? 2
Draw North arrow
' T
N a7 Circle one: 3
= TRUE  MAGNETIC Avg.
Write number of degrees Ht. in inches in= m
(0.0254 mv/in) or (39.37 invm)
[OFservagon limes: LI Luns UIC Date. "[1CDay| Ht. put into receiver
Scheduled Start Time Crosshairs on target?
Scheduled End Time Plumb bob check?
Actual Start Time Magnetic declination
SCT” oy T':" - e Compass reading True
aily Session Num . ower Failure
' O Compass tvpe Mag,
ncorotoglcu_ﬁau:
Time (U TC) Pressure (mb) Dry Bulb (C) Wet Bulb (C) Comments
§
Receiver Soluton. Source: Best 3D Posizion from MES file. Other
Best PDOP Latitude Longitude Height m
Downioad Informanon: (Compare disks: i Download software version I
Disk Disk#  Filename .DAT EPH MES DAT file size MES file size

S

DID ANYTHING ABNORMAL OR UNUSUAL OCCUR?

CIYES CINO

[Time (UTC) Commenss and Significant Problems:

[“TCheck if additional sheets attached.

Station 1D UTC Start Date

UTC Start Day

Session No.




UNAVCO (1 nmavests NAVSTAR Comrortiicm)

Page2of2

Yucca Mountain 1993 UCAR. Bouider, CO., USA -

Antenna Setup & Height Measurement:

(Sketch setup if different from figure. If measuring
a vertical height show exactly what you measured.)

Mag. N.

/‘ 14.5°

o

B

Memsure to TOP of antenns plase

{nmide of notefi.

Measuring Height Stick ~——g=

Trimbie 4000
STD. SDT & SST

‘e Benchmark ..

Location Diagram:
(indicate mark you set up on in relation to
local surroundings)

Station 1D _

UTC Start Date

Y Rubbing or Photo of Monument: Indicate the exact point that the instrument was centered
over and include a North arrow. (If rubbing is hard to read add a sketch of the monument).

UTC Start Day __ Session No. -



ATTACHMENT 3 System Number:

UNAVCO GPS Station Description
University Navstar Consortium UCAR, Boulder, CO., USA
r Station Name: 4-Char1D: _______ Station 1D #:

Location: Country:

Observing Monument Inscription: Project: _Yucca Mto.
Approximate Geodetic Coordinates: X
Latitude: Datum Magnetic Declination 145 E
Longitude: Source of Position Rate & Direction of Change
Height: Source of Declination___ USGS

Site Personnel: Access Notes:
Name Agency

Location Diagram:

Rubbing or Photo of Monument: Indicate the exact

point that the instrument was centered over and inciude a
North arrow.

Station UTC Start Date UTC Start Day




BOREHOLE ACTIVITIES

TEST JOB SCEEDULE COMMENTS ON STATUS
ACTIVITY PACKAGE /WORK INFORMATION
PROGRAM/TEST
PLANNING
NRG-2, NRG- | TPP 92-1 No current activity. Geophysical
2R, NRG-2B, logging partially (?) complete.
NRG-3, NRG- Plans 1n progress to pull casing
4, NRG-5, and run video logs in NRG-2A and
NEG-6 NRG-2B.
NRG-7 JP TBD Pad accepted 10/01/93. Drilling equipment fully mobilized.
BOREHO'.E WP TBD Waiting on work authorization
TPP 92-1] expected 10/21/93. Double shifts =
planned. j
b=
ADDITIONAL Unknown Environmentil surveys Environmental survey in progress. 22
DRILLIJG & started 10/12/93. -
TRENCHING =
IN VICINITY .
OF NRG-2 &=
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 52-3 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.
sDh-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 TP T53-95 corner is difficult to rip; FCR for
ROAD blasting expected to be issued
10/21/93.
Page 1 of 7
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TEST JoB

ACTIVITY PACKAGE /WORK

PROGRAM/TEST
PLANNING

BOREHOLE ACTIVITIES

SCHEDULE
INFORMATION

COMMENTS ON STATUS

WT-2 JP N/A
WP 93-17
TPP N/A

New logging by USGS
scheduled for 10/21/93.
Road improvement for

seismic survey tc start
10/21/93.

Standard geophysical logs were run
10/18/93.

C-WELL JP 93-11
TESTING WP 93-10

TPP 92-09

Resumed soi1l remediation
on 10/05/93. Soil
remediation in progress
for unknown duration
Plan to backfill all
excavaticns about the
end of October.

{Environmental Field Coordinator to
status.)

Page 2 of 7
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EXCAVATION ACTIVITIES

TEST JoB SCHEDULE COMMENTS ON STATUS
ACTIVITY PACKAGE /WORK INFORMATION
PROGRAM
QUATERNARY TPP TG2-17(0) | Completed excavation of Waiting on mapping to start.
FAULTING BMTP-8, BMTP-9 and BMT-1
W/IN 1060 on 09/29/93.
KM:
BARE MTN.
TRENCHES

GHOST DANCE | TPP T93-06 Excavation completed REECc installed gauges on water

FAULT 09/22/93. Cleaning hoses to monitor usage during g %

EXCRVATION started 09/27/93. cleaning. Cleaning of east o=
- pavement underway.

TRERCHES A- JB 92-05 FY94 - TBD.

1 & MWVY-T3
(ALICE
RIDGE)

{SAIC status])

Page 3
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JOB PACKAGE CLOSEOUTS

TEST JOB SCHEDULE COMMENTS ON STATUS
ACTIVITY PACKAGE /WORK INFORMATION
PROGRAM r
SOIL & ROCK [ JpP 92-8 Record submittals past No change since last week. Field
PROPERTIES due. Due date 09/27/93. ! Verification Plan, water use
PHASE 11 records, and as-built drawings
TEST PITS still required to complete records
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 1tr. from Winn
PORTAL Wilson to complete.
NEUTRON- JP-91 All recor nittals No change since last week. Need
ACCESS due by ! /93, remaining REECo, RSN, and Drilling
BOREHOLES Support records listed in 09/09/93
ltr. from Winn Wilson to complete.
NRG-6 IOAD JP 82-10 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. | being 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 b2ing submitted.
NRG-5 ROAD JP 93-03 Record submittals past Some items received. Stiil need
& PAD due. Due date 06/14/93. |balance of RSN records list-d in
07/20/93 1ltr. from Winn Wilson to
Kopatich.
Page 4 of 7
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TEST JOB SCHEDULE COMMENTS ON STATUS
ACTIVITY PACKAGE /WORK INFORMATION
PROGRAM
4% 53=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 5. of 7
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ESF ACTIVITIES

TEST NAME JOB SCHEDULE
PACKAGE /WORK INFORMATION
PROGRAM/TEST
PLANNING
UNDER_ROUND JP 92-20A 04/08/93 (start) (LANL to status)
GEOLOGIC TPP 92-10 Started alcove
MAPP INC 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)
MONITORING IN PP T-92-2
THE STARTER
TUNNEL
CONSOLIDATED JP 92-20C 05/27/93 (start) Ongoing
SAMPLING IN TPP 92-14
THE STARTER
TUNNEL
PERCHED WATER | JP 92-20B G4/08/93 (start) This is a contingency test to be
TEST IN ESF T™e 52-11 performed only if perched water is
encountered.

HYDRO TPP 92-12 Prototype testing LANL status
CHEMISTRY performed 09/23/93.
TESTING

c:\reports\boreplus
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Test Strateqy

Scale Purpose

Lab Scale
Core- 11t Property Measurements
hours to days Matrix Processes
(some long-term) Single-Fracture Processes

Limited Model Testing

Block Scale

1ft.te 3-5m. 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

DCLLNLDW3 125 NWTRB 16 1920 33



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

DCLINLDWZ3 125 NWTRB/10-19/20 92



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
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Strategy with Off-Block Prototype Testing

(2000 2001
1/94 1/95 1/96 1/97 1/98 1/99 100 101
i LAD | LA PA
o |
€| Planning |
@ T = W
o :
- {EquapO:dezr‘
4 | &Calibratef] =~~~ =
oy | Test | Abbreviated | Cool- | Core- | Arsial '15‘.5
? % alysis
g ‘Sel‘upi test heating [down | ing ! i 5
o A — B o Compare
t Long duration {4 yr heating) test ! ~ protolype
e i’i!t,l * \‘i

Equip.Order
Cahbr;@t

e —

Test | Abbreviated | Cool %Eore—‘ Analvsis E 4
iset-up| test heating |down l AysIS g
e R TIPS ¥lwmmsr '

BT

i )
% v b R
b e i iR X T A i Ra iF: 1 Ao
Equip.Order Long duration ESF (5-7 yr) Tests I
& Calibrate .
) ik b e 2 use of "
abbreviated =
ESF

justified?

No
Decision
how to
proceeg

/

Confirmation testing

perapp—




Strategy Using Large Block Test

(2000)
/94 1/95 1/96 1/97 1/98 1/99 1/00
| ! i ! 1 { o
FaAD (A PA
Large ating | Cooldown
L. Heating. |Cooldown |
Test
ESF Tests Rovi Y Ap?r;vas;;iu;A i o
P S ARl e
Study plan/ | |[ESF plans in| Bl B ?hgat : o2
Activity plan| flight of early bl?r?:. :mn %
LBT Data ot Cool- S
t ‘ing co
Order & Core- 31
Calibrate ting| S
|_Equip. naly
base-
line

o
/1Aoma\

—~’%cepiable?>

(2001)
1/01

License
Seapplication

7

submission

s

is

\
N
\,

7

/

Long duration test
(Performance Confirmation)

(BEST AVAILABLE COPY)

(6 yrs. heating, 6-12 yrs ooldown)
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Issues Requiring Testing Before ESF Testing

* Validation test independent of those used for characterization
(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.qg., 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

DCLINLDW24 125 NWTHB/10-19/20 9
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FY93| FY94 FY95 |

SONDJFMAMJJASANDJFMAMJJASO
S N T I O O

V #0 - Frame Procurement
- ¥ #1 - Block Location
V #2 - Sawing Procedure Review
V #3 - Excavation Tech. Review
V #4 - Horizontal Borehole Location
V #5 - Instrumental Final Check

- V #6 - Readyness Review

Characterization L BT-03

e 3 ¥ #7 - Cool-down scheduie
Horizontal Drilling V #8 - Activity closeout
LBT-04] instatlation a template.
2. Air injection test will be conducted after 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 L BT-04 46
LBT04 Assembly "7 7 %8
Preheat Tests | Heating Tests LBT-04 Cool-down ]
{ Laboratory Tests on Small Blocks LBT-04 ]
[ Model Calculations _ LBT-05 B

DCLINLOW CDR4 125 NWTRB/1¢ 1920 93



Large Block Test Status

Planning offsite

Excavation started

Drilling and testing mid-October
Cutting planned for miid-November

Planning documents progressing

Test-frame contract awarded



Benching for Large Block Test
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1" subdrili -

Drill holes

1 ft. below
finished grade
except where
noted

typ. / Presplit this surface
= . 4 o /

Cross Section of Excavation Plan

Presplit this
surf
/ — ~ Drill holes above block
; 6.5 / 1 fi. short of finished grade
burden

1/4-1 ~ - /85 25 in dia. holes (typ)
,’ F\ sl //" burden / all holes
) —= / typ. /
...... ) H S /
AT b LN s
/‘ " 24 §§7’£/ g e TRy el gy S
/ in| ! pre-split area ‘"‘53/ “a
-t ‘ it
Block — |, 1 ( l Talos
L_ -_!_-{v _________________ e > .
1’ subdrill .
gg S ?9 ).k ‘q ¢ . e 76??'9!-?97 N 8,
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Layout of ESF Tests

47 ft
N S N I { Ginenae
66 ft|!
_f__
! Eamad
- — -4 $- o
— e =R r~
| { o™
. | i
1
66 ft
— .! . : , ~ . .
& | | |
le—240 ft-——-~--->:< Emameanan ft-~~~—~-~-->;<~ —240 t— »i
Plan
—— ’ , 661t
66 ﬂT
‘*—f"

Cross Section
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Executive Summary

Underground exploration and testing are major components of the DOE's site-
charactenzaton 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. [t1s especially important to thoroughly understand the character and extent
of the faults that cross the site, as well as the site’s hydrogeology and geochemustry.
Once tunneis have been excavated. scienusts also will be able to initiate important
tests, which are necessary to assess how the natural and engineered barners will
pertorm under conditions similar to those in a potential repository tor hot spent
fuel and high-level waste. Data gathered during these tests wiil be used to evaiuate
site suntability, to predict long-term performance of the entire repository system,
and to support a license application — should the site prove suitable.

[n this report. the Board reviews the status of the underground exploration and
testing program. [n 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 of important 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 faciiity. However, the Board
remains concerned that. because of past delays in imi'ating underground expiora-
fron and attempts to comply with overly opumuistic 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 unul recently the DOE had planned for muitiple 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 eliminaung
competing actuivities during excavauon 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 overail
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 excavanon approach for the exploratory faciliry.




NWITRB —Underground Exploration and Testing

This strategy should be based on specific intermediate goals and be consistent
with the scientific priorities of site characterization, realistic funding expectations,
and the erficient 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 expicration and testing at Yucca Mountain. The Board recommends
the resumption of underground thermai lesning as soon as possible. Since testing
in the core test area is not scheduled to begin until early 1998, the DOE should
consider re:nitiating 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 testng expenence as
possible prior to initiating testng 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 expioration and tesung. For exampie,
after the portal-to-portal loop has been cen.pieted, excavation of tunnels off the
loop and in the core test area can begin using a 16- to | 8-ft-diameter tunnel bonng
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 di:sign of the exploratory facility should remain as compatble as possible with
potent.al repository designs. The DOE's recent proposal to reduce tunnel gradi-
ents in the exploratory facility makes it more compauble with existing repository

designs.

The Board recognizes the complex regulatory and oversight constraints facing
the U.S. high-levei waste program and the challenges inherent in managing such
a large, first-of-a-kind scientfic and engineering project. However, the Board
believes that a wealth of industry expertise and eéxpenence exists from which the
DOE could draw more effectively. To assist program managers and to take
maximum advantage of existing experience in the underground construction
industry, the Board recommends that — as is cornmon practice on large construc-
tion projects — rhe DOE establish a geoengineerning board with expertise in the



engineenng, construction. and management of large underground projects. Mem-
bers should be nauonally known and their selection based on past expenience
serving on simular boards for projects of commensurate complexity. This geoen-
gineering board wouid meet with Yucca Mountain management. staff, and con-
tractors on a regular basis to review detailed decisions earfy 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 1t stated in its March 1993 Special Report, the overall civilian waste
manazement program is large and diffuse, and specific respon: .oilities are unciear.
The Roard finds this to be true as well at the Yucca Mountain project level. Even
though site charactenzanon at Yucca Mountain is not a routine construction
project. the DCE should place greater emphasis on developing a more efficient
system for managing the exploratory facility design and construction. In general,
decisions do not retlect typical industry practice: its contracts do not include
incenuves for minimuzing costs and meeung schedules; and the DOE has con-
tracted for its own tunnel boning machine. rather than holding the contractor
responsible for selecting and purchasing its own equipment.

Finally, many institutions, including Congress, have expressed the concern
that a disproporuonate share of the funding available for the nation s nuciear waste
management program is being directed to overhead and infrastructure. The Board
is concemned that this is leaving limited funds for important scientific work.,
including underground expioration and tesung. For example, recently the DOE
cited funding, rather than technical grounds. as a possible reason to forgo exca-
vation of the Calico Hills urut. And funding choices may affect when important
underground thermal testing wiil be rerniuated. or when the contractor will begin
acquisiuon of another tunnei 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 expioration and testing program
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Background

In March 1993, the Board published a Special Report (NWTRB, March 1993) to
the Congress and the Secretary of Energy. That report outlined three critical
concerns 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 pian 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-charactenization efforts — especially the DOE's approach to under-
ground exploration and testing at Yucca Mountain.

Underground exploration and testing wiil require extensive tunnefing ' through
the mountain at varous levels and across all geologic unuts to ailow scientists to
visually examune the compiex geology at the site. It is especially important to
determune the character and extent of the fauits that cross the site* and to gain an
understanding of the site's compiex hydrogeology and geochemistry. Once the
tunneis have been excavated. they will host an underground exploratory facility

from which further testing will take place.

Excavating the underground exploratory facility, designated the expioratory
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 exampie, if there are any “fatal flaws,” or major disqualifying features
that mught lead to abandoning the site. they wiil most likely be reveaied through
the excavation of expioratory tunnels. In addition. once the exploratory facility
has been excavated. scienusts will be able to initiate important in-situ tests, such
as thermal tests. which are necessary to evaluate how the naturai geclogic and
engineered bamers actually wiil perform under conditions similar to those in a
potential repository once waste has been empiaced. Data gathered durning these
tests will be used to determine site suitability, to predict long-term performance
ot 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 parts of the expioratory facility couid be integrated
into the repository. Therefore, the design of the exploratory facility should be
compatible with any potential repository designs.’

Tunneiing 15 referred 10 as an underground cONSrUCHON activity that TEeSUlts in a permanent taciity
This contrasts with muning, which is the process of extracung nuneral deposits trom the sarth

2 The fauits and fracture zones in the Prospective repository honzon at Yucca Mounua® end to be near
vertucal. making their detection and charactenzauon more feasible by unneling



U’-

he design and approach to excay aung rhe expioratory facility have evoived
ubstantially duning the past four years. and much progress has been made. Duning
the last several months, the DOE and its contractors have proposed a number of
additional changes for further improvements. However., the Board is concerned
that, because of past delays in iniuaung underground exploration and the overly
optimistuc schedules. important technical decisions about the design and excava-
tion of the exploratory facility are being made without sufficient technical and
scienufic 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 (o improve both
the exploration and testing program and the approach to designing and excavaung
the exploratory facility. The Board makes several recommendations it believes
will speed progress and improve cost-effectiveness. The Board believes the
cnanges itis recommending can and shouid be made without slow ing the momen-
wm of imporant site-charactenzauon acuvities currently under w ay at Yucca
Mountain

0 CFR 60.15, “the number of exploratory bore.oles and sharts shail be limited to the
z L consisient with obtaimng the information needed for Site characternization and
sxpioratory borehoies and shafis in the {potentiali geoiogic FEpoOsHory operations area shall be located

where Shafs are pianned for ungderground faciinty asruCHoOn and operaton
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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 objecuves including gath-
enng otherwise unobtainable data on the major geologic features (units. faults.
and contacts) throughout the mountain; gaining access to the underground so that
vanous in-situ large-scale thermal, hydrologic, and mechanicai tests can be
tninated: and allowing a continuous, early look at the natural system to assess site
suitability and provide cnitical 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 1s caretully linked
to the design and approach to excavating the underground exploratory facility.

Strategies for Exploration and Testing

The DOE'’s plans for exploration and testing have changed during the past
tour years. and much progress has been made. Recently, severai 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 eiements in a compre-

hensive strategy for exploration and testing.

Explore across the geologic block

Since 1ts first meetings in 1989, the Board has emphasized the importance of
ganming 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 ° at the repository level
but also in the nonweided tuff above and below the repository level

4 As used here. exploranion of a site means excavating runneis to allow numan access for relauvely
hort-term observatons of geologic condiuons. Tesiing means conducung longer-term scienufic

CXPENMEnts in the excavated unneis.

§ Tuffis a rock composed of compacted volcanic ash. It is either welded — consobidated by heat.
PreEssure. and possibly the introduction of cementing munerals — or nonweided. W elded tutf tends w
be hard and highiy fractured. Nonwelded tuff 1s usuaily porous and often relatively soft
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Many of the geologic features in the block. such as faults and fractures, are
near verucal (see kigure [). As a result. surface-based drilling and mapping will
provide oniy limited information on these structvies. Excavating access ramps
Inciined tunneis) and honzontal tunneis (drifts) across these teatures is the oniy
wvay to gain an accurate picture of their character and extent

[he exploratory facility desigr: that resuited from the Exploratory Studies

A

Facility Alternauves Study (SNL 1991) reflects this approach to exploration and
testing. Tunneling ar 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

or expionng and testing snouid includge the tolliowing goais
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[. The DOE shouid first explore the major geologic features (above and at
the repositery level) by e€xcavaung the portal-to-portal loop (see Figure 2). Plans
for the first phase ot underground exploration call for €xcavaung a ramp from the
north portal down through the nonwelded tuff above the repository, and through
the Imbncate Fault zone before reaching the repository level in the Topopah
Spring weided 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 geoiogic
block and again at the south end of the block. where the fauit has a greater vertical
offset. From there. excavation proceeds up the south ramp to the south portal. This
first excavation sequence. which does not inciude excavation of any other tunneis,
IS referred to n this report as the portai-to-portal loop.

Dunng excavation of the portal-to-portal loop, perched water and seepage may
be ‘observed and sampled. However, the only tests that should be undertaken
during the excavation of the portal-to-portal loop would be to gather initial data
on hydrologic properties across fault zones. To do this, near-honzontal boreholes
will be dniled. They shouid be planned so that drilling can be conducted without
interrupting the advance of the tunnei boring machine.® No other delays to
machine operation should be allowed unless they are to gather critical. repository-
relevant scientific data that would later be unrecoverable. Afterthe portal-to-portal
loop has been excavated. tunneis can be excavated east and west to penetrate the
[mbricate Fault and Solitario Canyon Fauit zones.

According to the DOE, limited core will be taken from the underground borings.
Core wiil be drilled as soon as possible after the fault zone is excavated. The inent 1s
{0 gain access to the borehole as soon as possible 1o reduce the effect of air exchange
with the surrounding air mass. Sensitive lemperature measurements made in the
boreholes will be used to indicate water movement in the fault zone.

The ESF Altei ratives Study (SNL 1991) calls for the tunnei boring machine
to cross the Ghost Dance Fault zone at an oblique angle. Often. faults are not
present as single surraces but occur in zones compnsing a series of individual fauit
planes as well as regions of fracrured, crushed. and altered rock. Recent surface
mapping has indicated. for exampie, that the Ghost Dance Fault zone at Yucea
Mountain may be as wide as 1.000 ft. Intersecting it at a smail angle dunng
excavation of the portal-to-portal loop couid mean tunneling through extensive
lengths of the zone. which could cause S€rous support problems and slow machine
advance.

S —T—
5 One approacn might be to mount the dnli ne and SUpport equipment on a platform that Srdoes the

iravel-way behund the tunnel borng machine so that suopiies can continue t; e machine whiie
Inlling is under wav. This shouid be £asv to do. especiallv +f rail transport. w t1 1ts smatler enaveiope.

b used rather than rubber tired venicies
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At the Board's July 1993 meeting, the DOE proposed several changes to the
design of the exploratory tacility: one cails for realigning the main tunnel so that
it parallels the Ghost Dance Fault. Shor, smaller diameter tunnels would later be
excavated off the main tunnei to allow penetration and exploration of the Ghost
Dance Fault at severai points. This realignment could provide additional flexibility
to the exploration and testng program and reduce the risks normaily 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 parailel

the fauits).

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 befow the repository level. Because the Calico Hills unit
s a potenual barmer to the transport of radionuciides from the repository down to
the regional ground-water table. it is necessary to understand thoroughly the nature
of jointing and fauiting at this level.’

Based on the results of the Exploratory Studies Facility Altematives Study
and the Calico Hills Risk/Benefit Analysis (YMPO 1991), the DOE conciuded in
1991 that early access to the Calico Hills would provide a net benefit when
considenng (1) possible postclosure risks, (2) the degree of scientific confidence
In testing, (3) the potential for regulatory delay, (4) vanations in program cost,
and (5) the potential for phasing the tests. Examuning the characteristics of the
same fault zones directlv beiow the repository level in the Calico Hills will provide
valuable information on the flow of ground water through the unsaturated zone
of Yucca Mountain.* As at the repository level. additional east-west drifts wouid
be excavated off the main tunnei 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 deciston to forgo exploration of the Calico
Hills using tunneling should be based on a thorough scientific and technical
analysis of site-characterization issues.

7 Fauiting and fracruning in the Calico Hills unit 1s likelv to be much different from that in the weided
ttts of the Topopah Spnng (1.e.. the repository level) because the weided tuffs are harder and possibly
nighly fractured 1n the fauit zones, whereas soft nonweided tutfs are not as highly fracrured and may
ifer reduced fracture permeability along fauits

To be abie 10 evaluate the narure of faults at different levels it would be desirable 10 excavate portions
ot the tunnei 1n the Calico Hills unit direetiy below the portal-to-poral loop
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[nitiate testing

The DOE’s exploratory facility design currently calls for the excavation of
extensive testing areas so that muitiple, simultaneous iesting can be conducted.
Testing facilities inciude: 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
consisung ot 8.400 feet of tunnel comtaming numerous alcoves and supporn
facilities.’

A recent DOE test planning package (YMPO, September 1992) defines 42
testing acuvities, which will be conducted within the exploratory facility. The 42
lesung acuvities can be grouped into four categones: exploration (16 tests):
thermal (5 tests); hydrogeoiogy/geochemistry (12 tests); and. geomechanical/en-
gineenng (Y 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-priontized and sequential testing program. Many of these testing activities
could be combined or carried out sequentially. This mught allow a simplification
of the core test area and, perhaps, of the expioratory facility (see discussion
beginning page 7). In the following discussion, some approaches are suggested

that could make the testing program more efficient.

|. Exploration — test during excavation. A number of testing activities could
be conducted while excavating the tunneis and drifts. These include mapping the
geology; collecting sampies of perched water if encountered: collecting rock
sampies: evaluaung excavation methods: monitoring ground support systems:
monitonng dnift stability; and determining the hydrologic properues of major
faults. As noted previously, however, testing during excavation of the portai-to-
portal loop should be limited to avoid interrupting the advance of the tunne| boring

machine.

2. Thermai testing — reinitiate underground testing as soon as possible. A
significant i1ssue currently facing the Yucca Mountain project i1s determining the
most appropriate thermal loading for a repository. % Since 199 1, a strong rationale
has evolved for the argument that thermal effects wil] be the main cause of vapor
and water flow in a repository. no matter what thermal loading ultimately is
chosen. The rauonale is based on models that are backed by limited data obtained
tfrom G-Tunnel thermal tesung. The G-Tunnel thermai tests were conducted over

? Based on the 1992 construction cost esumate for the exploratory facility (RSN 1992)

0 Thermai loading reters 1o the amount of ngh-level waste emplaced per acre of fepository area. Higher

lcadings cause higher repository temperatures. which mav help drvi moisture awav from waste
packages but which mav aiso make projectons of long-term repository performance more difficult
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4 nine-month penod in welded twff at Rainier Mesa. Nevada Test Site. Tests
consisted of a single heater simulating horizontal borehole emplacement of a smail
waste package (an altermauve to the vertical borehole concept then tavored).
Because no additionai testing has been conducted since the G-Tunnel effort was
termunated in [989, these data, which are very limited in scope, provide the oniy
underground thermal test data available to the program.

Because of this four-year hiatus in underground thermal testing, the program
currentiy lacks sufficient field testing expenence, proven instrumentation for
underground testing, and a well-developed tesung strategv. The present DOE
plans call for thermal tesung to be conducted in the core test area off the mamn
tunnel ot the portal-to-portal loop. Unfortunately, a recent DOE schedule shows
the retmitiation of thermal testing in the core test area has continued to slip dunng
thedast 16 months. from November 1996 to early 1998 (DOE 1993). Underground
thermal testing should be reimitiated as soon as possibie. The Board believes that
it 1s cnacal to develop instrumentation and procedures and gain as much testing
expenence as possible prior to inidaung tesung in the core test area. The Board places
high prionty on understanding the effects of thermal loading on a potenual 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 thermai
testing (outside of the repository block). This would be followed by testing in the
core test area consistng of two or more years of test planning, ten years of tesung,
and one-and-a-half years of analysis and data reduction.'? Al underground test
configurations would be designed to simulate the anucipated repository configu-

rataon

Severai proposals for reinitiating prototype underground thermal testing have
oeen presented to the Board. At a Board meeting on the expioratory 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 iniuating a large
heated-block test. which was referred to as an “off-block prototype in-situ thermal

L In-situ heater tests of sufficient size to include scaling and heterogeneiry effects are rieeded (o test
fundamental hvpotheses. it was proposed that 1n-situ lestng be defined to meet two neeas, shon ©
meaium duration (1., [ 1o 7 vears) to support and defend license applicaton. and long duration (1.¢..
50 to 200 vears) to provide pertormance confirmation ( Wilder 1991

2 Ibid
3 Ibid. One configuration would make use of 21-5.5 Kw heaters in three parallel dnfts. simuiatung
CPOSIOrY waste emplacement dnfis
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test.”"* This plan involves cutting a 10-ft by 10-ft by 15-ft block out of weided
tuff, installing heaters and instrumentation, and ininatung tesung that wouid
continue for five to seven years. One disadvantage of this option 1s the data
obtained would be of limited value because a large block is a poor representation
of a potential repository. '

Given the potential for continuing delays in the construction of the exploratory
tacility -— 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
tmely and cost-effective investment, and could reduce the urgency of eariy
excavauon of the core test area.

3. Hydrogeologic/geochemustry testing — hegin as soon as possible. Seven
of the twelve planned hydrology/geochemustry tests are part of the unsaturated-
zone percolation test plan. In its test priontization studies, the DOE has referred
to these tests as having high prionity (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
structures (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 dnll platforms that bridge the travei-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 charactenistics and geomechanical properties
can be gathered through well-planned mapping and construction monitoring
acuvities conducted during excavation. The movements and mechanical stability
of opemngs can be monitored during excavation using muitiposition extensome-
ters. How thermal loadings will affect the mechanical propertues of the rock can
be determuned as an add-on to the thermal testing needed to evaluate the hydro-
logic properties of the host rock.

i

5§ The Board also 15 aware of a proposal (0 set up a testing facility at Fran R 4z¢. This proposal had been
Mudied pnor to the Board's inception in 1989 The Board has not been briefeg on the status of this
proposal
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Establish exploration and testing strategies, priorities, and goals

The DOE should develop a comprehensive strategy for exploration and
tesing. The current revised plans for conducting sequenual exploratuon and
tesung, although much improved., are still evolving. The pians appear to retlect
some degree of general priontization; however, no detailed documentation has
teen made available to the Board that identifies either specific pnorities or a basis
for any pnontization. This lack of a comprehensive testing strategy 1s 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 excavauon of the underground exploratory tacility.

Continuous reevaluation of the expioration and testing program as the final
design of the exploratory facility progresses will provide the opportunity to fine
tune the program. For exampie, the DOE should consider refocating some tests
presently planned for the surface-based drilling program to driil sites within the
exploratory facility. Tunneling provides the opportunity to locate the near-vertical
fauits, which have a strong and local effect on the hydrology and geochermcal
properties of the rock. When a fault is crossed. sampiing can be undertaken across
the fauit and at known distances from it. The resulting data can be better reiated
o the exisung features. In some cases. this could offer an advantage over drilling
long dnllholes from the surface. In addition. given the siow dnlling rate of the
LM-300 deep dry coning drill and the long dnll lengths required when drilling
from the surface. shifting appropnate tests to the underground could speed

program progress and reduce costs, ‘®

Concilusions

I. Exploring across the geologic block to gather the data necessary for an
early determinaton of the site’s suitability for repository development s of highest
prnionty. Exploration should be conducted across the site above. at. and below the
repository level. Tunnels should intersect anticipated major fauits and any major
unknown structures passing through the repository hlock so that typical in-situ
conditions in the key geologic units (including frequency of fractures) can be

evaluated.

6 The DOE’s surtace-based dnilling program toresees dniling approximateiv 40 holes 1o depths of 1.500
to 3,000 ft. The first hole, UZ-16. which 1s |1.686 ft deep, ook ten months to dnill
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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 connnuous testing program. Because of the four-year hiatus in
underground thermal tesung and the possibility for continuing delays in the
excavation of the exploratory facility, the development of an off-site underground
test facility has ment. Such a facility also could reduce the urgency of early
excavation of the core test area.

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

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

Strategies for Design and Excavation of the Exploratory Facility

The design of the underground facility and the DOE’s excavation approach
have evolved substantally during the past four vears. At the Board's July 1993
meeting, the DOE presented the most recent proposed changes to its current
exploratory tacility design. The Board believes that several of tl,2 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 bniefly review strategies it
believes will further improve the DOE’s current exploratory facility design and
speed the underground excavation and testing program. Although the following
discussion addresses the onginal baseiine 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
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Delay compenng excavation activities unal completion of the portal-to-portal
loop

The fastest. most economical excavation of the 26,000-ft-long portai-to-portal
loop from the north portal through the main tunnel to the south portal wouid be
to proceed without competing simultaneous excavation activities from the same
portal. Multiple excavation acuvities 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 cnitical. repository-relevant
scientific data that would later be unrecoverable. After the machine has transited
from the north to south portais (an operation that shouid take about |12 months),
access would be available from the south portai for excavanng alcoves and
turnouts and to begin early testing activities. At the same time. activities support-
ing excavauon of the exploratory tacility, such as mucking.'’ couid be continued
from the north portal. The Board strongly supports the DOE's recent proposal to
dnve the portal-to-portal loop without interrupting the advance of the tunnel

bornng machine.

After compieting the portal-to-portal loop, excavation of additional east-west
tunneis. as well as the core test area. can begin using a smaller tunnei boring
machine. Driving a tunnel west to the Solitario Canyon Fault zone is high priority
because 1t would complete a full east-west traverse of the major north-south
trending features. Also high priority is excavation through the Calico Hills unut
directly below the proposed repository horizon. To be able to evaiuate the nature
of faults at different levels it would be desirable to excavate portions 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 north-south ramps (see Figure 2) or from
a separate surface portal. Creaung a separate portal offers the advantage of
reducing the number of activities taking place off the portal-to-portal loop and
reducing the possibility of adversely atfecting the repository operational area. A
separate portal also mught 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 bonng machine operations. The use of rail to transport people and
matenals in and out of the tunnei is more efficient and cost-etfective. Rail will

7 The remova! of ail excavated rock (muck) will be undertaken using a convever. which will transport
the excavated rock ~ut thregh the north portal. Convever operations should be devoted entirely 1o the
upport ot the runnel bonng machine unti compieuon of the ponal-to-portai loop
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greatly reduce the potential for introducing petroleum products intc the under-
ground. Rail lines can be laid quickly on excavated tunnel floors without further
floor preparation. and rail will allow a wider ventilation area and make it easier
to back up the tunnel boning machine during excavation of aicoves. Finally, rail
transport offers the safest means of controiling 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]), which will allow a more efficient use of the tunnel space.
This space could be used. for example. to install platforms that bndge the rail from
which testing and dniiling operations could be carried out during excavatuon of
the portal-to-portal loop without interruptuing the advance of the tunnel bonng
machine. This couid allow early mitianon of important hydrogeoiogic testing
activities while reducing the number of alcoves that will be needed.

The use of conventional rail support for tunnel boring machine operaton
requires relatively flat gradients along the lengths of the tunnel.'® Duning the July
1993 Board meeting, the DOE presented proposais to reduce the relativeiy steep
gradients in the baseline plan. The Board supports the DOE’s decision to lower
the gradients along the ramps and main tunnei to 2.6 percent or less, which allows
the use of conventional rail transport during exploratory facility construction.

Keeping the gradients along the tunnels relatvely 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 could foreciose the use of conventional
a1l in a repositorv, [f in-dnft emplacement proves to be the preterred strategy,
repository gradients should be flat. and the option of rail transport to haul the large
waste packages shouid be maintained.

Excavate smailer diameter tunnels outside the portal-to-portal loop

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

I8 The baseiine plan (DOE 1988), as revised in 1991 as a resuit of the ESF Alternauves Study (SNL
[991). shows steep gradients tor the main north-to-south [0op: a siope of 6.9 percent from the nonn
ramp to the Topopar, Spnng level. then a slope of 4 7 percent across the block. and a |.6 percent chimb
0 the south portal, 1nese gradients are 100 steep 1or the use of conventonal raii

|9 This includes the tunneis in the underiving Calico Hills formaton. in the east-west exploratory unneis.
in the core test area, and in any prototvpe (esung facility
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technical. cost. and schedule reasons why excavating smaller tunnels outside the
poral-to-portal loop is preferable. Smaller diameter tunneis are more stable
structurally, parucularly 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 bonng machines advance faster through rock.*
can be moved more rapidly from point to point, and can be used more efficiently
to excavate intersecuons. 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
ponai-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 1o excavate portal to portal without interruption. excavaton of the
portal-to-portal loop should take no more than approximately 12 months. If this
schedule 1s met. the contractor should have the smaller tunnel boring machine on

site ready to begin excavation by July 1995.

The Board 1s concerned that possible delavs in acquiring a smaller machine
couid further delay the site-characterization program. Because of these potenual
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 tume than was required for the DOE to
purchase the new 25-ft machine.”' For example. the contractor couid rent, or
possibly purchase. a used machine for use on the project.

20 Industry expenence dunng the last few years indicates that mimimum overall advance rates dunng
tunneling should run about |00 ft per working day for a 25-ft machune and |25 ft per working day for
an 18-t machine in the weided tuff of the Topopah Spring formauon. Rates in the softer nonwelded
wif of the Calico Hills formauon for a 16- to 18-ft machine should average |75 ft per day
Construction nsks and delays increase with increased tunnet size and include deiavs (o install
additional rock support in fauit zones or other zones of low rock quality; for increased machune
maintenance due to laresr, less reliable components: for more frequent cutter changes (especially in
hard rock ); and slower production ratzs. Costs also increase with increasing size. Expenence snows
that a 25-foot tunnel costs about 1.5 umes as much as an | B-foot unnet. (See also Gertsch and

Ozdemur 1991 )

*1 in a recent memorandum (N'WTRB. August 1993, the Board recommended to DOE management that
consideration be given 1o acquirng a govemment-owned tunnet boring machine currently parked in
N.Tunnel at Rainier Mesa. Nevada. 1or use at nearby Yucca Mounwaun.
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Use a tunnel boring machine to excavate the core test area

The core test area will be the location of critical intermediate and long-term
thermai testing. To maximize the ability to extrapolate test results to repository
scale. this tesung should be camed out under conditions that approximate as
exacrlv as possible the conditions in a potential repository, which will be excavated
using a tunnel boring machine.> 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 roo:ns, shops, and ware-
houses. Its current configuration contains many right-angie intersections making
excavation with a tunnel boring maciine impossible. The Board recommends that
the core test area be simpiified to allow excavation using a full-face tunnei bonng
machine that is capable of a smail turning radius. Alcoves planned for activities
other than thermal testing shouid be mimmuzed. Use of drill and blast technology
or other equipment, such as a mobile muner or other high-risk technologies, shouid

be avoided.>

Reduce and simplify surface and subsurface facilities and utilities

Plans for surface and subsurface facilities and utilities have not been modified
sufficiently to reflect the revised excavation pian: they still reflect to a large degree
the extensive support necessary for multiple operations from the same portal and
simuitaneous testing.** At the recent north ramp 90 percent design review, the
Board learned that the muck conveyor system is still being designed to support
muitiple excavanon operations from the same portal as well as dril and blast
operations during the excavation of the portai-to-portal loop. Now that the DOE
has decided to delay compeung excavation acuvities unul after completing the
portai-to-portal loop and to use smaller tunnel boring machines for ail other

22 A recent LLNL prepublication report ( Buscheck. Wilder. Nitao. 1993) argues that heater tests are
required within the proposed repository biock at thermal loading condinons that are representative of
proposed reposiory condiions.

Two sigmificant concems are the roughness of runnei wails and the extent of fractunng of rock
currounding the tunnels that wouid be created using dnil and blast methiods. Roughness may affect
radiative heat transfer from waste nackages (o tunnei walls, Mechamcal stability and stress conditions
n the wall rock would also be sigmificanty altered by drilling and blastng.

For exampie. support faciiities at the Topopan Springs level consist of a power substation. waste water
acility, and 18.700 ft of utiliues including dual | Skv power reeds. mechamcal utiliues (a 6
compressed air line. an 8”7 water ine, and a 67 drain Line). and an integrated data svstem (fiber oplics)
The core (8st area contans a power substation. and 10.500 feet of utlines. The Calico Hills contans a
waste water facility, shop facility. two power substations. and [3.300 feet of utilities | RSN 1992)

.
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Figure 3 — Curren

tly proposed core test area (pian view)
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2. The use of raii, rather than rubber tired vehicles, 1s the most efficient and
cost-effective way to support tunnel boring machine operations. Rail wiil allow

more efficient use of tunnel space.

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

the site-charactenizauon 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. Condiuons in the core test area, the site of critical intermediate- and
long-term thermal testing, should approximate as precisely as possible conditions
that wiil be present in a potential repository. Excavating the core test area using
a full-face tunnei bonng 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.

Recommendations for exploration and testing

|. 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 shouid
result from sound analysis of site-charactenzation issues.

2. The DOE should reinitiate its underground thermal testing program as soon
as possible to allow the deveiopment 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 deiiys — including delays
in excavating the core test area — development of an underground testing faciiity
outside the core test area) may prove very umely and cost-effective



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

Recommendations for design and excavanion

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

Surface and subsurface facilities and utilities should contunue to be simpli-
fied to reflect the new excavauon sequence; as part of this effort, the core test area
also shouid be simpiified so that it can be excavated using a full-face tunnel boning
machine
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Management at the Project Level

The Board recognizes the complex regulatory and oversight constraints facing the
- U.S. high-level waste management program in general and the challenges inherent
in managing this large scienufic and engineering project in particular. Howeve; .
most of the construction acuvities required to deveiop the exploratory facility are
well within the experience of the underground construction industry.® Tunnei
support and excavauon conditions are not partcularly extreme as compared to
other underground projects, and technology for rapid and safe excavation and
tunnel support are well developed. The Board believes a weaith of expertise and
expenence 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.

I. Contractung practices for the project are not typical of the industry and do
not encourage compeution or innovaton. 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
compeution 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 deveiop cost and schedule incentves for current contracts. The
Board also suggests that the DOE consider using conventonal fixed-price or
cost-plus incentive-fee contracts on future portions of the exploratory facility.?’

25 Underground consiruction industry refers to those who participate in the construction of permanent
underground faciliues (e.g. hydroeiectnc, public transportaton. public water systems)

26 Quesuons also have been rmsed by DOE Assistant Secretary Thomas P. Grumbly about the efficiency
of the DOE’s award fee contracts ( Energy Daulv, Monday, July 19, 1993)

27 This type of contract could be used. for example. for the excavation of accesses and the traverse of the

Calico Hills. especiaily 1f exploration 1s conducted from a separate portal or dunng the consoucuon of

a protorvpe thermal test faciiity



The Board also believes that. to avoid the potential litigaton associated with
contractual relationships, a disputes review board should be inciuded in all
construction contracts. These boards have been used successfully for 20 years in
the construction industry to reduce the adversaral relationships between owner
and contractor that often result from differing contract interpretations. Standard
contract language exists for establishing a disputes review board.**

2. The DOE departed from the standard practice in the underground construc-
tion industry when it developed specifications for and purchased a new 25-ft
tunnel boning machine. There 15 little precedent in the industry for the owner of a
project purchasing the tunnel boning machine that will be used by a contractor on
a cost-plus basis. The tvpical approach is to obtain the services of a contractor
who then wnites the specifications for and purchases (equipment 1s owned by the
contractor) all of the equipment necessary to do the job, inciuding the tunnel
bonng machine, its trailing gear. and any other elements necessary (o support
excavauon.”’ When the job is over. the contractor has the option of selling the
machine and equipment or using it on another job.

3. In general, the Board believes that the excavation of the exploratory facility
couid be accomplished more quickly and at less cost if the tunnels and support
facilities were designed only to meet the nesds of exploration and testing. Instead.
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 tunneis than necessary for an exploratorv facility,’® and
it appears that many special, and probably unnecessary, features are inciuded in
the DOE’s specifications for the new 25-ft tunnei boring machine. Finally. utlities
and support facilities are in excess of what 1s required for this expioration program.
Reducing the complexity of the facility and of the surface and subsurtace facilities
and utilives will speed program progress and reduce costs.

The U.S. underground engineening and construction industry 1s 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 Nauonai Research Council. 1974 and Amencan Society of Civil Engineers, 1991

29 The contractor 1s completely accountadle for the pertormance and daily operanon of the macnine. As a
resuil. the contractor will be motivated to design. acquire. operate, and maintain afl equipment
including ‘unnel bonng machines) in a umely and cost-effective manner

10 In a March 1997 letter to the Secretary of Energy (NWTRB, March 25, 1993), the Board expressed (s
view that “the rechnical basis for the DOE’s choice of larger diameter tuninets for assessing sie
suHability was not a compeiung one
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engineering practices used in the industry, time and cost savings could be realized
that couid 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 wouid 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 hydroelectnc facilities, use such geoengineering boards. These
boards are typically composed of four-to-seven members with expertise in engi-
neering, construction, and management of large underground projects. Such a
geoengineenng board couid meet reguiarly with Yucca Mountain Project man-
agement. staff, and contractors to review detailed decisions early on — when they
are first being made. Potenual members should be nationally recognized and be
selected based on experience serving on simular boards for projects of commen-

surate complexity.’!

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
simalar complexity. For exampie, 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.’? and few had expenence on projects using tunnel boring
machines. As a resuit, issues such as those mentioned above, which could easily
have been resolved early in the design stage by a geoengineering board, were still
being evaluated during the 90 percent design review.

Organizational Structure and Management at the Project Level

As the Board stated in its Special Report, the overall civilian radioactive waste
management program (OCRWM) is large and diifuse, and specific responsibili-
ties are unclear. This aiso is true at the Yucca Mountain project level where
numerous contractor groups have been hired to perform engineering and construc-
tion tasks. As of November 30, 1992, empioyees from 24 organizations were
working on the project.’® Muitiple levels of management are involved in decision
making, and responsibilities are unclear.

11 Because of the breadth of its mussion and reporung mandate. the NWTRB is not equipped 10 carry out
the detatled review tiat would be asked of such a geoengineenng board.

12 Presentanon at the DOE's 90 Percent Design Review, July 19, 1993 (TRW 1993)

13 More than 236.7 full-time eguivaient contract empioyees ( DOE 1992)
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The OCRWM hoped to be able to place a repository in operation by 2010
through very large increases 11 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, concern has been
expressed during the past year by a number of orgamizations. including Con-
gress.”* 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 actuvities. For example, citing lack of funding, the DOE terminated
thermal testing 1n G-Tunnel in 1989 and delayed imuaton of underground
exploration and testing in 1992. These delays, together with the DOE’s attempt
to meet overly optimistic program deadlines, resuited in an excavation approach
that called for multipie excavation actvities 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 potenual lack of funding,
cather 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 wiil be remniuated, or when the contractor will begin
acquisition of another tunnel boring machine.

The Secretary of Energy has recently commuitted to undertaking a review of
the financial aspects of the civilian radioactuve waste management program. The
Board recommends that such a review inciude an evaluation of the effects that
funding allocauon decisions couid have on progress in the site-charactenzaton
program. To improve financial accountability and free additional money for site
work and testing, the Board believes that the DOE shouid 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 expioration and testing
program. Funding allocauon decisions should be made in such a way as (o ensure
that the momentum of the exploration and tesung program currently under way

at Yucca Mountain is maintained.
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14 U.S. Congress. House 1992: U.S. Congress, Senate, 1993;: GAO 1993
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Conclusions

I. 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
fands as the reason for terminating underground thermal tesung 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.

many different contractor orgamizauons, muitiple levels of management, and
unclear accountability.

3. Project management is diffuse, and the decision-making process involves

Recommendations

|. Consistent with practices in the underground construction industry, the
DOE should establish a geoengineening board with four-to-seven members who
have expertise in the engineering, construcuon, and management of large under-
ground projects. Members should be nauonally recognized and be selected based
on their previous experience serving on sirmilar 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 excavaton

of the exploratory facility.

2. The DOE should develop a more efficient system for managing the
exploratory facility design and construcuon that contains greater accountabulity
and incenuves 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 wavs 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.
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