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D e p u t y A s s i s t a n t Manager f o r E n g i n e e r i n g & F i e l d O p e r a t i o n s 

Yucca M o u n t a i n S i t e C h a r a c t e r i z a t i o n O f f i c e 

ABSTRACT 

Yucca Mountain Site Characterization Office of the U.S. 
Department of Energy (DOE) is constructing an underground 
Exploratory Studies Facility-""(ESF) , approximately 160 km (100 
miles) northwest of Las Vegas, Nevada. This facility is being used 
to obtain geological, hydrological, geomechanical, thermomechanical 
and-geochemical information to characterize, Yucca Mountain as a 
potential site to isolate High-Level Radioactive Waste from the 
accessible environment. The ESF, when completed, will consist of 
two ramps from surface (North and South ramp) to the potential 
repository horizon formations, a drift connecting the two ramps, 
test alcoves, and above and below ground operational support 
facilities. The ramps and connecting drift are being mined by a 
7.62 m (25 ft) diameter, fully shielded, Tunnel Boring Machine 
(TBM). This machine was fabricated for the DOE by Construction 
Tunneling Services, Inc., of Kent, Washington. 

This paper describes the current status of the construction of 
the ESF and test alcoves. At the time of this writing, the 
following has been accomplished: North Ramp excavation is 
complete; four test alcoves have been excavated and are in use for 
scientific experiments; the excavation has reached the potential 
repository horizon; the drift connecting the two ramps is being 
excavated, and the excavation of a test alcove for thermal testing 
is in progress. The mining operations are ahead of schedule, and 
to date March 26, 1996, the TBM has excavated over 4623 m(15,160 
ft.) without any major breakdowns or accidents. The average 
advance for a three shift (two mining shifts) production day has 
been 33.46 m (110 ft.). Maximum advance for a week was 218.3 m 
(716 ft.). An Alpine Miner (AM 75) roadheader is being used to 
excavate test alcoves. The major ground support system consists of 
Supper Swellex rock bolts, steel sets as required, Williams rock 
bolts and channels, and welded wire fabric. 

Various sections of the tunnel have been instrumented, and the 
entire excavation has been geologically mapped. To date, the site 
conditions have been those predicted. 



INTRODUCTION 
To characterize Yucca Mountain (YM), the U.S.Department of 

Energy's (DOE) Yucca Mountain Site Characterization Office (YMSCO) 
is constructing an underground Exploratory Studies Facility (ESF). 
The ESF is being constructed to provide space for underground 
characterization. The ESF is intended to be an "underground 
laboratory" to perform geological, geochemical, hydrologic, 
thermomechanical, and geomechanical tests to assess the suitability 
of YM as a potential repository for High-Level Radioactive Waste 
(HLW) produced by commercial nuclear power plants and defense 
operations. The barriers to control the release of radioactive 
materials will consist of natural barriers rockmass (geologic 
setting) and engineered barriers such as waste containers. The 
information to assess the behavior of the site is obtained by 
implementing a comprehensive, integrated, surface , underground, 
and laboratory-based testing program. This paper describes the 
status of the construction of the ESF to March 26, 1996. 
EXPLORATORY STUDIES FACILITY 

The ESF will consist of a North Ramp, South Ramp, Main Drift 
(that connects the two ramps), and a number of other exploratory 
and test drifts. Figure 1 shows the general layout of the ESF. 
Excavation was started from the North Ramp Portal. A horseshoe 
shape starter tunnel1 was constructed to launch the Tunnel Boring 
Machine (TBM). This tunnel had a diameter of approximately 9.14 m 
(30 ft.) and it was 61 m (200 ft.) long. This tunnel was excavated 
by controlled drill-and-blast method. The 7.62 m (25 ft) diameter 
TBM was procured, shipped to, and assembled at YM. TBM assembly 
started in April of 1994, and the assembled TBM was moved to the 
face during August and September of 1994 2. 

The TBM, in use at YM, was designed to operate in fractured 
hard rocks of uniaxial compressive strength of 155 ± 59 Mpa (22785 
± 8673 psi) . Key characteristics of the TBM are shown in Table 1 as 
follows: 

Table 1. Key Characteristics of TBM at Yucca Mountain 
Size-Diameter: 7.62 m (25 ft.) 
Length-without trailing gear: 12.2 m (40 ft.) 
Length-with trailing gear: 140 m (400 ft.) 
Number Trailing Decks 13 decks 
Fabrication Time 10 months 
Motors: 12, two speed, 186 kW 

(250 hp) 
Primary Voltage: 12,470 V, 3 phase 60 Hz 
Hydraulics: Designed to have fewer 



Grippers: 

Stroke: 
Cutters 
Thrust: 

Shield: 
Dust Control/Water: 

Turning Radius: 
Steel Set Erector - Capacity: 
Rock Support System: 

Guidance System: 
Other Unique Features: 

Approximate Machine weight: 

hydraulic connections. Amount 
of hydraulic fluid commonly 
used for the TBM reduced from 
4542 1. to 1515 1. (1200 to 
400 gallons). This reduces the 
potential of impact on the site 
by any spills/leaks. 
Four grippers: 2 side, 1 top 
and 1 bottom. Gripper thrust 
maximum 27.5 Mpa (4000 psi) 
762 mm (30 inches) 
48 discs at 43.18 cm (17 in) in 
diameter 
1.63 million Kg (3.6 million 
lbs) 
8 cylinders for maximum advance 
rate of 5.5 m/hr (18 ft/hr) 
Fully shielded 
None at the head, water is used 
at the conveyor transfer 
points. 
152.44 m (500 ft) 
203 mm (8 in) Wide Flange 
Near Shield. Install Rock 
Bolts through shield. At the 
trailing gear install permanent 
Rock Bolts 
laser guided ZED 
Monitors flammable gas at the 
face. Uses Power Factor 
correction capacitor banks Can 
operate on a slope of up to 
12%. Provides capability to 
perform geologic mapping while 
the TBM is advancing. 
783,000 kg (1,720,000 lbs) 

As noted, the TBM has a full shield to provide ground support 
at all times as the excavation progresses. Some of the major 
differences, as compared to a conventional TBM, are: a robust 
hydraulic system to minimize leakage of fluids and a much longer 
trailing gear to accommodate a geologic mapping gantry. This TBM 
will be used to excavate the entire ESF loop as shown on Figure 1. 
Auxiliary mining, such as test alcoves, refuge chambers, shops, 
etc., will be excavated using other mechanical equipment and/or 
drill-and-blast techniques, as appropriate. 



CHARACTERISTICS OF THE ESF 
The North Ramp dips at a gradient of -2.15% to the West and is 

2800 m (9190 ft.) long. The North Ramp turns South at a gradient 
at + 1.35% in the main drift or the potential proposed repository 
horizon. ' This Main Drift will be 3155 m ( 10,350 ft.) long. At 
this point, the excavation turns East and the South Ramp will be 
excavated at a gradient of +2.62% to a total distance of 1835 m 
(6020 ft.). The TBM will excavate a total of 7790 m (25,500 ft.). 
The maximum overburden is approximately 300 m (1000 ft.). It is 
planned to daylight the South Ramp at the East side of YM. Figure 
1 shows tentative locations of test alcoves. The test alcoves 1 
and 2 were excavated by drill and blast method. Alcoves 3 and 4 
were excavated by Alpine, AM 75 roadheader. Alcove 5, the thermal 
test alcove, is being excavated by Alpine, AM 75 roadheader. 
GROUND SUPPORT SYSTEM 

The starter tunnel ground support system primarily consisted 
of steel sets with lagging, split sets, welded wire fabric, grouted 
rebar, threaded roof bolts, and fibercrete. Seven lattice girders 
were installed at the entrance of the starter tunnel to enhance the 
structural stability of the area near the portal. Large voids, 
along the ribs, were filled by placing fibercrete as necessary. 

Ground support categories, consistent with general industrial 
practices were developed and have been used to install ground 
supports. (Table 2). As of now, ground conditions consistent with 
categories 1 through 4 have been encountered. The primary ground 
support system is Swellex rockbolts. 
ESF EXCAVATION OPERATIONS 

To excavate the ESF, the TBM operates three shifts per day, 
five days per week. The day shift is used for service and 
maintenance. The maintenance duration varies depending on the 
nature of maintenance requirements, such as routine or repairs. 
This period varies from a few hours to the entire shift. The 
supplies, men and materials are transported via rail. The muck is 
removed by a 91.4 cm (36 in) conveyor. The conveyor operates at a 
speed of 183 m/pm or 600 fpm and has a rated capacity of 572 tph. 
The ventilation system consists of the tunnel as intake and a 168 
cm (66 in) diameter pipe as exhaust pipe. Alcoves are ventilated 
by booster fans and pipes. The tunnel is lighted by electric 
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Table 2. Ground Support Recommendations for the ESF Main Loop (3) 

Ground 
Support 
Class 

Support 
Category* 

Range of NGI Q 
Value and 

Classification 
Exploratory Studies Facility 
Ground Support Recommendations 

I 13 >10.0 Good 
Rock bolts nominal 1.5 x 1.5 m spacing w/WWF. 
Spot bolt as necessary. (Pins and channel may 
be used to secure mesh as needed). 
Alternative: Light (W6x20) steel sets spaced 
1.22 - 1.8 m w/WWF. 

II 

17 6.0-10.0 Fair 
Rock bolts nominal 1.0 m spacing w/WWF. Spot 
bolts as necessary. (Pins and channel may be 
used to secure mesh as needed). 
Alternative: Light (w6x2 0) steel sets spaced 
1.22 m w/WWF. 

II 

18 4.0-6.0 Fair 
Rock bolts nominal 1.0 m spacing w/WWF. Spot 
bolt as necessary. (Pins and channel may be 
used to secure mesh as needed). 
Alternative: Light (W6x20) steel sets spaced 
1.22 m w/WWF. 

III 
22 1.0-4.0 Poor 

Rock bolts nominal 1.0 m spacing w/WWF (Spot 
bolt as necessary) plus 100 - 150 mm 
Shotcrete. 
Alternative: Light (W6x20) to medium (W8x31) 
steel sets spaced 1.22 m w/WWF and partial 
lagging as needed. 

III 

27 0.4-1.0 Very 
Poor 

Rock bolts nominal 1.0 m spacing w/WWF (Spot 
bolt as necessary) plus 100 - 150 mm 
Shotcrete. 
Alternative: Medium (W8x31) steel sets spaced 
1.22 m w/WWF and partial lagging as needed. 

IV 31 0.1-0.4 Very 
Poor 

Medium (W8x31) steel sets spaced 0.61 - 1.22 m 
w/WWF and crown lagging as necessary. 

V 34 0.01-0.1 Extr. 
Poor 

Medium (W8x31) steel sets spaced 0.61 m w/full 
lagging. 

* Based on Reference 4. 



lights. A rescue chamber has been constructed at Alcove 4. 
Additional rescue chambers may be constructed as needed. 

The TBM has performed satisfactorily and has exceeded the 
planned excavation rate. 

After the initial start up difficulties and excavating through 
faults, the TBM has excelled in progress. The tunneling operations 
are ahead of schedule. The test alcoves have been constructed 
using drill-and-blast and roadheader systems. Simultaneous 
excavation operations (TBM, roadheader, drill and blast) have been 
successfully accomplished. A blast mat is used during the blasting 
operations. Muck from short length alcoves 30-40 m long (100 to 
130 ft.) is mucked using mine cars. The longer alcoves are mucked 
by a conveyor belt. Figure 2 shows the scheduled rate of advance 
and actual progress. Figure 3 shows the weekly TBM advance. 
Figure 4 shows the TBM turning curve to start excavating the 
potential repository horizon. The test alcoves have been excavated 
using the mechanical and drill-and-blast method with minimal and no 
impact on the TBM operations, thus allowing the TBM to operate 
without any major interruptions. 

Best production was achieved during the week of November 27 to 
December 1, 1995. During this week, the TBM advanced by 218.3 m 
(716 ft.). The TBM has operated for over 1000 hours with no major 
breakdowns. A recently completed 1000 hr. maintenance of over 100 
components such as cutterhead, main bearing and seal, conveyor, 
forward and rear gripping seals, back decks, automatic fire 
suppression system, etc., indicated that the TBM showed no 
premature wear. 

A few modifications were made to the TBM to enhance its 
performance. The modifications are as follows: 
1. Installed plates at the forward edge of the bottom gripper 

defined as ski nose. This prevents the TBM from diving in 
soft materials and alleviates machine steering problems. 

2. Installed braces and hydraulic rams from the horizontal 
grippers to bottom vertical grippers to stabilize the TBM in 
poor ground conditions. 

3. Installed shield slot closure plates. This modification 
prevents loose rocks from falling into the closed areas of the 
TBM and alleviates hazards to personnel and equipment. 

CONSULTING BOARD 
In October 1995, DOE appointed a tunneling Consulting Board. 

The Consulting Board overviews the excavation operations and 
provides technical guidance to the Assistant Manager of the DOE for 
the Engineering and Field Operations. The Board members are: 



S. H. Barthlamew, Chairman, 
Dr. Ronald Heuer, 
Jack Lemley, and 
Larry Snyder. 

The Consulting Board has been impressed with the progress made 
by DOE in improving the TBM performance and the safety record of 
the Project. In their opinion, the lost time record of the Yucca 
Mountain Site Characterization Project is far superior to other 
major tunneling operations. 
SOME KEY STATISTICS 

Some of the key statistics are presented in Table 3. 
As indicated earlier, the ESF is being constructed to 

characterize YM. Geologic mapping, sampling, and testing is being 
performed on schedule with minimal impact on TBM operations. 
TESTING IN THE RAMP 

The primary objective of the ESF is to provide space to 
conduct scientific investigations to ascertain the suitability of 
YM as a potential HLW repository. Tests are being performed to 
obtain geologic characteristics (geologic mapping), geomechanical 
response (deformation) of the rock mass, and response of the steel 
sets. Types of instruments installed consist of load cells, 
multipoint borehole extensometers, vibrating wire strain gauges, 
and convergence pins. Additionally, the excavation is geologically 
mapped. 

The Los Alamos Test Coordination Office (TCO) coordinates the 
testing performed in the ESF by all participants. The TCO is 
responsible for developing test planning packages, job packages, 
and Field Work Packages for the implementation of 
testing/monitoring in the ESF. In the ESF, tests are being 
performed by the U.S.Geological Survey (USGS) and Sandia National 
Laboratories (SNL). Laboratory test samples have been collected 
for Los Alamos National Laboratory (LAND and Lawrence Livermore 
National Laboratory (LLNL). Geological mapping is being performed 
by the U. S. Bureau of Reclamation (USBR) under USGS contract. 

To monitor operational safety, SNL has installed load cells, 
multipoint borehole extensometers, single point extensometer, 
strain gauges, and convergence pins. Material samples have been 
collected for laboratory analysis. 

Geologic information gathered by USGS/USBR and rock mass 
response information gathered by SNL is being provided to the 
Architect/Engineer and Constructor as an aid in modifying ground 
support systems and operations. 



Table 3. Key Statistics 
Start Site Preparation for the ESF 
Completed Excavating Starter Tunnel 
Assembled and installed TBM in the Starter Tunnel 
Completed Excavation of North Ramp 
TBM reached Potential Repository Horizon 
TBM at the halfway excavation mark 
Completed Excavation of Test Alcove 1 (Drill and Blast) 
Completed Excavation of Test Alcove 2 (Drill and Blast) 
Completed Excavation of Test Alcove 3 (AM 50 Roadheader) 
Completed Excavation of Test Alcove 4 (AM 50 Roadheader) 
Started Excavating Thermal test Alcove -
Alcove 5 (AM 75 Roadheader) 
Installed Muck Conveyor 
Steel sets Installed 
Swellex Rockbolts Installed 
Williams bolts Installed 
Welded Wire Fabric 
Channels Installed 
Inverts Installed 
Conveyor - m (ft) 4473 
Mutipoint borehole extensometers 
Strain gages on steel sets 
Install load cells 
Convergence Pins 

March 1994 
August 1994 
August 15, 1994 
November 13, 1995 
November 9, 1995 
January 26, 1996 
February 1994 
July 1995 
August 1995 
October 1995 
January 19, 1996 
July 26, 1995 
931 03/26/96 
7165 03/26/96 
1066 03/26/96 
1666 03/26/96 
860 03/26/95 

3741 03/26/96 
(14671) 03/26/96 

24 03/18/96 
396 03/18/96 
12 03/18/96 
29 03/18/96 



CURRENT STATUS 
The TBM has advanced through some very complex geology starting 
with high lithophysaes rock formations, faults with as much as 84 
m (280 ft) of vertical displacement and a width of up to 2.5 m (8 
ft.) , and very soft rock formations. The TBM has performed and is 
continuing to perform satisfactorily. 

Temporary surface facilities have been expanded and most of 
the operations are now located at the North portal area. (Figure 
6 shows the North portal area) . Construction of permanent 
structures such as the change house and switch gear buildings is 
placed on hold due to other priorities and funding limitations. 
LESSONS LEARNED 

In the year or so that the ESF excavation started by the TBM, 
several lessons have been learned. 
1. It is difficult to excavate through faults by a fully shielded 

TBM. 
2. Extremely soft rocks (<100 psi) could be excavated without any 

serious difficulties. 
3. "Hard rock" TBM performed adequately in rocks of varying 

strengths i.e., mixed face excavation was accomplished by the 
TBM. 

4. Test alcoves have been excavated with minimal impact on the 
availability of the TBM. That is concurrent (TBM) and other 
construction mechanical (roadheader and drill-and-blast) 
related have been perfomred in parallel. 

5. Swelled type bolts were difficult to install in high 
lithophysae rocks. 

6. Multidisciplinary teams, such as scientists and construction 
personnel, have worked effectively. 

7. Longer than usual trailing gear has had no impact on the TBM 
performance. 

SUMMARY 
A major milestone was reached for the Yucca Mountain Site 

Characterization Project in 1993 when ESF construction was started. 
Since the start of the construction, more than half of the ESF has 
been excavated. The TBM has performed satisfactorily and safely. 
Constructors, designers, and multiple test teams, coordinated by 
the Los Alamos TCO, have worked as an efficient team and have 
accelerated the construction and testing schedule. Only minor 
modifications were required to maintain TBM performance. After 
1000 hours of operations, the TBM remains in good condition. The 
YMSCO is poised to make major progress through 1996 and 1997 by 



completing the ESF and initiating Thermal Tests and characterizing 
the Ghost Dance fault, a major feature in the potential repository 
block. The TBM has successfully mined through soft rocks, mixed 
face and hard abrasive volcanic tuffs, and exceeded the performance 
goals. 
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Figure 1. General Schematic of the ESF 
Figure 2. ESF Tunnel Excavation actual and projected 
Figure 3. Weekly TBM advance 
Figure 4. North Ramp turning East to excavate repository horizon 


