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This appendix provides a brief description of the nine underground test level
configurations that were identified by REECo during their literature search for
historical ESF configurations.

Underground Test Level Configuration A

Configuration A is used with a single access (shaft or ramp) and consists of the
following breakout excavations:

+ Breakout room at 1800-foot depth, characterizes unsaturated zone (UZ) in
the thermal unit TSw2,

o Breakout room at 3500-foot depth, characterizes saturated zone (SZ) in the
thermal unit TRw,

o Two breakout rooms, the first at 1800-foot and the second at 3500-foot depth,
characterize both UZ and SZ, |

e One breakout room at varying depths (1200, 1480, 1520, 1600, 1700 feet) in
UZ, and one breakout room at varying depths (1800, 2000, 2250, 3100, 3500
feet) in SZ.

Underground Test Level Configuration B

Configuration B is used with conventionally sunk shaft (Title II, 1983-1984) and consists
of the following breakout excavations:

« UDBR at 520-foot depth, to characterize the upper portion of the UZ;

e MTL, also called lower demonstration breakout room, at 1200-foot depth, to
provide areas for tests and the lateral borehole drilling to the faults;

» Calico Hills breakout room at 1480-foot depth, to provide areas for lateral
borehole drilling in the Calico Hills unit.
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Underground Test Level Configuration C

Configuration C is used in SAND84-1261, Recommendation for a Second Access for
the Yucca Mountain Exploratory Shaft Facility, and consists of the following breakout
excavations:

« UDBR at 520-foot depth;
o Underground disposal level at 940 foot depth, for men and materials and use

as an escape route;
e MTL at 1200-foot depth;
o (Calico Hills breakout room at 1480-foot depth.

Underground Test Level Configuration D

Configuration D is used with one 12-foot internal diameter conventionally sunk shaft
along with a 6-foot internal diameter ventilation shaft at the old location in Coyote
Wash (Revised Title II, 1985) and consists of the following breakout excavations:

« UDBR at 520-foot depth,
e MTL at 1200-foot depth,
e Calico Hills breakout room at 1480-foot depth.

Underground Test Level Configuration E

Configuration E is used with one 12-foot internal diameter conventionally sunk shaft
along with a 6-foot internal diameter ventilation shaft at the old location and consists of
the following breakout excavations:

» UDBR at 520-foot depth,
o MTL at 1020-foot depth,
o Calico Hills breakout room at 1400-foot depth.
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Underground Test Level Configuration F

Configuration F is used with two conventionally sunk shafts with internal diameters of
12 feet (ES-2 relocated ES-1/ES-2 name switch) and 15 feet (ES-1) and consists of the
following breakout excavations:

« UDBR at 520-foot depth,
e MTL at 1020-foot depth,
o Calico Hills breakout room at 1400-foot depth.

Underground Test Level Configuration G

Configuration G is used with two 12-foot internal diameter conventionally sunk shafts
(Title I, 50%, April 1988) and consists of the following breakout excavations:

« UDBR at 600-foot depth,
¢ MTL at 1055-foot depth,
« Optional Calico Hills breakout room at 1565-foot depth.

Underground Test I evel Configuration H

Configuration H is used is used with two 12-foot internal diameter conventionally sunk
shafts (Title I, 100%) and consists of the following level excavations:

» UDBR at 600-foot depth,

e« MTL at 1055-foot depth,
« Optional Calico Hills breakout room at 1565-foot depth.
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Underground Test Level Configuration I

L

Configuration I is used with two 12-foot internal diameter conventionally sunk shafts
(Title II General Arrangements, September 1989) at the new location and consists of
the following breakout excavations:

« UDBR at 600-foot depth,

¢ MTL at 1055-foot depth,
e Optional Calico Hills breakout room at 1565-foot depth.

3C4



APPENDIX 3D

HISTORICAL REPOSITORY
CONFIGURATIONS IDENTIFIED
DURING THE PBQ&D
LITERATURE SEARCH



This appendix provides a brief description of the 15 historical repository configurations
and their various subsets identified during the PBQ&D literature search.

Historical Repository Configuration R-1 Initial Preconceptual Design - Vertical
Emplacement

This repository configuration is of an initial preconceptual design with vertical
emplacement in offset or staggered emplacement panels that was developed in 1983-84.
The underground layout is based on panels approximately 1600 feet wide x 1400 feet
deep, with emplacement drifts oriented N35SE and access drifts oriented NS5W. The
emplacement drift spacing is 100 feet center-to-center, with a heat density of less than
50 kW per acre. Each emplacement drift has 50 emplacement boreholes, 30 feet deep
and spaced 30 feet center-to-center along the emplacement drift. Major features
include; 15-foot x 20-foot waste ramp, 25-foot men, materials, and muck shaft, 16-foot
mine development exhaust shaft, 16-foot waste emplacement exhaust shaft, 20-foot
mine development intake shaft, and a 12-foot exploratory shaft. All excavation was to
be done using drill and blast techniques.

Subsets 1 and 2 called for a 22-foot-diameter shaft for waste emplacement from other
surface sites. Subsets 3 and 4 called for a 10% ramp for waste emplacement from other
surface sites. Subsets S, 6, 7, and 8 called for a 25-foot-diameter for mining from other
surface sites. Subsets 9 and 10 called for a 10% ramp for mining from other surface
sites. Subset 11 called for a 20% ramp for mining from another surface site.

Historical Repository Configuration R-2 Initial Preconceptual Design - Horizontal
Emplacement

This repository configuration consists of an initial preconceptual design with horizontal
emplacement in emplacement panels that was developed in 1983-84. The underground
layout is based on panels approximately 1600 feet wide by 1400 feet deep containing
700 waste canisters at 3.4 kW per canister. The boreholes are spaced at 157 feet center-
to-center. The basic horizontal configuration has 20 emplacement boreholes per panel.
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Ten of these boreholes are placed on each side of an emplacement drift 20 feet wide by
15 feet high. Each borehole will hold 35 waste canisters. The blind ends of
emplacement boreholes in adjacent panels are separated by 100 feet. Underground
support facilities will be in the western boundary. The ESF is intended to be at a lower
level than the repository level. The layout in R-2 has a smaller mining capacity than
Configuration R-1. Major features include; 15-foot x 20-foot waste ramp, 20-foot men,
materials, and muck shaft, 10-foot mine development exhaust shaft, 14-foot waste
exhaust shaft, 14-foot mine development intake shaft, and a 12-foot exploratory shaft.
All excavation was to be done using drill and blast techniques.

Subsets 1 and 2 called for a 22-foot-diameter shaft for waste emplacement from other
surface sites. Subsets 3 and 4 called for a 10% ramp for waste emplacement from other
surface sites. Subsets 5, 6, 7, and 8 called for a 25-foot diameter for mining from other
surface sites. Subsets 9 and 10 called for a 10% ramp for mining from other surface
sites. Subset 11 called for a 20% ramp for mining from another surface site.

Historical Repository Configuration R-3 Two-Stage Repository Development at Yucca

Mountain

The layout for Configuration R-3 calls for six means of access, two ramps and four
shafts. One 12-foot-diameter shaft and one 6-foot-diameter shaft are sunk to the ESF.
During repository development, the exploratory shaft is used for limited muck handling
and during waste emplacement both exploratory shafts serve as air intakes for the waste
emplacement area. Additionally, the two access ramps (19-foot and 24-foot-diameter)
will handle muck and waste. A 25-foot-diameter men-and-materials shaft allows access
for personnel and supplies. A 20-foot-diameter waste-emplacement exhaust shaft
exhausts air from the emplacement system through HEPA filters. The typical
emplacement area layout is based on a system of panels 660 feet wide by 3100 feet long.
To meet the criteria for an areal power density (APD) of 57 kW per acre and for
canister heat loads, vertical emplacement drifts are spaced at 150 feet center-to-center
and emplacement holes are spaced 13 feet center-to-center. Major features include:
12-foot-diameter drill and blast exploratory shaft; 6-foot-diameter raise-bored
exploratory shaft; 20-foot-diameter drill and blast men-and-materials shaft; 20-foot-
diameter drill and blast waste-emplacement area exhaust shaft; 24-foot-diameter TBM
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waste-handling ramp; and 19-foot-diameter TBM tuff ramp. The construction method
to be employed in the repository was drill and blast with the exceptions noted above for
the accesses.

There were 53 subsets identified for Configuration R-3. These include the following
combinations:

o single 12-foot-diameter exploratory shaft,

o 12-foot-diameter exploratory shaft and 6-foot-diameter second shaft,

o 16-foot-diameter exploratory shaft and 6-foot-diameter second shaft,

o 12-foot-diameter exploratory shaft and 25-foot-diameter second shaft,

+ 16-foot-diameter exploratory shaft and 25-foot-diameter shaft,

e 12-foot-diameter exploratory shaft and 19-foot-diameter muck-handling ramp,

o 16-foot-diameter exploratory shaft and 19-foot-diameter muck-handling ramp,

o 12-foot-diameter exploratory shaft and 24 foot-diameter waste-handling ramp,

o 16-foot-diameter exploratory shaft and 24-foot-diameter waste-handling ramp,

e 465-foot muck-handling ramp and 6700-foot waste-handling ramp, located
north of the central boundary,

e 4700-foot muck-handling ramp and 6900-foot waste-handling ramp, located
east of the central boundary, :

e 4700-foot muck-handling ramp and 7500-foot waste-handling ramp, located
east of the central boundary,

» single waste canister in vertical position, and

o 34 waste canisters in horizontal position.

Historical Repository Configuration R-4 Conceptual Design for SCP - Complete
Separation of DHLW From Spent Fuel

In 1985, the first conceptual design for the SCP was developed. Spent fuel and defense
high-level waste (DHLW) are completely separated. The DHLW is positioned in the
northeast corner of the primary area at a somewhat lower elevation. The DHLW-
vertical emplacement is arranged in two staggered rows. The spent fuel is emplaced in
the rest of the repository. The DHLW would be close to the ESF facilities. The 12-foot
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and 6-foot-diameter ESF shafts are used for ventilation intake during waste
emplacement, and during repository development the 12-foot-diameter ESF shaft is
used for limited muck handling. The waste emplacement panels were to be 1400 feet
wide with 77 vertically emplaced waste canisters per emplacement drift. Emplacement
hole spacing was to be 15 feet. Drift spacing was to be 112 feet. Major features include
a 25-foot-diameter TBM waste ramp, a 19-foot x 25-foot TBM tuff ramp, a 20-foot-
diameter drill and blast emplacement exhaust shaft, a 20-foot-diameter drill and blast
men-and-materials shaft, a 12-foot-diameter drill and blast exploratory shaft, and a 6-
foot-diameter raise-bored exploratory shaft. The construction method used is TBM for
ramps and mains, drill and blast for all others except the 6-foot raise bore.

There is one subset of Historical Repository Configuration R-4. This subset entails
horizontal emplacement.

Historical Repository Configuration R-5 Site Characterization Plan Conceptual Design
report (SCP-CDR)

This conceptual design for the repository was developed from March 1984 through
September 1986; the SCP-CDR was published in 1987. In this design, the DHLW and
spent fuel are commingled. There are six accesses, four shafts and two ramps. There
was a QA program associated with this design. The principal excavation method was
drill and blast with limited TBM excavation. Configuration R-5 is very similar to R-4,
except that spent fuel and DHLW are commingled. The typical panel width is 1400
feet. There are dual-access drifts that extend the length of the panel to intersect the
perimeter drift. Two-panel access drifts are required to maintain separate ventilation
systems, one for development and one for emplacement. The standoff distance from
the mains to the closest waste container in the panel is approximately 200 feet. A
midpanel drift runs parallel to the access drift, dividing the panel into two 700-foot
segments. Major features include a 23-foot-diameter TBM waste ramp, a 25-foot-
diameter TBM tuff ramp, a 20-foot-diameter drill and blast men-and-materials shaft, a
20-foot-diameter drill and blast emplacement exhaust shaft, a 12-foot-diameter drill and
blast exploratory shaft, and a 6-foot-diameter raise-bored exploratory shaft. The
construction methods are TBM for ramps and mains and drill and blast for
emplacement areas.
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There were 63 subsets identified for Historical Repository Configuration R-5. These
include combinations of the following:

o 21-foot-diameter waste-handling ramp,

o Vertical shaft for waste-handling,

o 20-foot-diameter waste-emplacement exhaust shaft,

o Waste-emplacement exhaust ramp,

o 24-foot-diameter tuff ramp at 17.9% grade,

o 18-foot-diameter tuff shaft,

o 20-foot-diameter men-and-materials shaft,

o 20-foot-wide by 15-foot-high ramp at 8% grade for men-and-materials,

o Entry from the north across Drill Hole Wash Fault,

« Entry near northeast corner of underground repository,

« Entry inside northeast corner of underground repository,

« Entry from east near repository shaft,

o Single waste container in vertical position,

« 14 spent-fuel containers in a horizontal position and 18 DHLW-containers in a
horizontal position.

Historical Repositorv Configuration R-6 _SCP-CDR Layout Adjusted For Raised

TSw1/TSw2 Geologic Boundary

Historical Repository Configuration R-6 represents one of seven closely related
variations of the SCP-CDR repository layout where the elevations of all underground
facilities have been adjusted by various amounts to conform to a higher (in elevation),
less restrictive geologic boundary than was used for the SCP-CDR layout. A planar
layout geometry is used to establish drift gradients and simplify the repository layout. A
planar layout geometry is used to establish drift gradients in contrast to the varying
geometry that was adopted for the target horizon (TSw2). The plan appearance of all
subsurface facilities in the SCP-CDR (Configuration R-5) remains unchanged in
Configuration R-6. All emplacement panels have identical plan dimensions but are
oriented at different gradients to match the planar layout geometry. Major features
include: a 23-foot-diameter TBM waste ramp, a 25-foot-diameter TBM tuff ramp, a 20-
foot-diameter drill and blast men-and-materials shaft, a 20-foot-diameter drill and blast
emplacement exhaust shaft, a 12-foot-diameter drill and blast exploratory shaft, and a
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second 12-foot-diameter exploratory shaft. The construction methods used are TBM
for ramps, mains and perimeter drift, and drill and blast for all other repository areas.

There are six subsets of Configuration R-6. Configuration R-6 is one of seven layout
variations that were examined, all of which preserve the SCP-CDR mining concepts and
plan appearance. The main features that vary between the subsets of R-6 are the entry
point elevation (EL 3100, 3200, or 3300 feet), and layout geometry (two parallel planes
or two pairs of parallel planes). The planar layout geometry applied to R-6 and subsets
differs from the SCP-CDR layout in which drift gradients were deliberately allowed to
conform to the geology to preserve and demonstrate mining flexibility in the presence
of geologic uncertainty. The conformal approach of the SCP-CDR places the least
stringent demands on the accuracy of the geologic models.

Historical Repository Configuration R-7 TBM Layout 1, 4 Blocks

Historical Repository Configuration R-7 is one of a series of layouts that were
developed in concept using the revised TSw1/TSw2 contact. These layouts are
considered by the A/E to be credible alternatives to the SCP-CDR layout; they meet
performance goals and can be built safely, using TBMs to excavate waste-emplacement
drifts at grades of 1%. Configuration R-7 has two pairs of independent blocks at two
separate elevations. The blocks do not overlap, are regular in shape, and are composed
of independent modular panels in which the average emplacement-drift and
emplacement-hole spacing are equivalent to those used in the SCP-CDR. Curved
entries for each panel of four emplacement drifts permit the use of an integrated rail
transport system for development and waste handling. The two lower blocks, at the
approximate elevation of 3300 feet, contain eight and seven panels, with four
emplacement drifts per panel. The emplacement drifts are spaced at 126 feet center-to-
center. Vertical or angled boreholes for spent fuel are drilled at 15-foot center-to-
center with holes drilled between for DHLW. The APD is less than 57 kW per acre.
The two upper blocks, at an approximate elevation of 3600 feet, contain seven and six
panels, again with four emplacement drifts per panel. The drift spacing, borehole
spacing, and APD are the same as the lower blocks. The ESF dedicated area is
enveloped, and Block Zero to the east of the ESF area provides space for the first five
years’ emplacements. Major features include: a 25.5-foot-diameter TBM waste ramp, a
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25.5-foot-diameter TBM tuff ramp, a 25-foot-diameter up-ream or V-mole men-and-
materials shaft, a 25-foot-diameter up-ream or drill and blast emplacement exhaust
shaft, a 12-foot-diameter drill and blast exploratory shaft, and a second 12-foot-
diameter drill and blast exploratory shaft.

There is one subset for Configuration R-7. This subset contains four main blocks, but
instead of rounded entries suitable for rail transportation, all panel entries are at right
angles off main intakes to the blocks. A TBM erection and dismantling chamber would
be needed for each emplacement drift within a block, or these panel entries could be
constructed using drill and blast with trackless equipment.

Historical Repository Configuration R-8 TBM Layout 2, 3 Blocks (Avoids Ghost
Dance Fault)

Historical Repository Configuration R-8 is one of a series of layouts that were
developed using the revised TSw1/TSw2 contact. These layouts are considered by the
A/E to be credible alternatives to the SCP-CDR layout; they meet performance goals
and can be built safely, using TBMs to excavate waste emplacement drifts at grades of 1
percent. Configuration R-8 has one large upper block and a pair of diagonally linked
lower blocks at separate elevations. The blocks do not overlap in plan, are regular in
shape, and are composed of independent modular panels in which the average
emplacement drift and and emplacement-hole spacing is equivalent to that used in the
SCP-CDR. Curved entries for each panel of four emplacement drifts permit the use of
an integrated rail transport system for development and waste handling. The two lower
blocks, at approximate elevation 3250 feet, contain five and seven panels, with four
emplacement drifts per panel. The emplacement drifts are spaced at 126 feet center-to-
center. Vertical or angled boreholes for spent fuel are drilled at 15-foot center-to-
center with holes drilled between for DHLW. The APD is less than 57 kW per acre.
The upper block, at an approximate elevation of 3550 feet, contain nine long panels,
again with four emplacement drifts per panel. The drift spacing, borehole spacing, and
APD are the same as the lower blocks. A 300-foot barrier is left to contain the Ghost
Dance Fault. The ESF dedicated area is enveloped, and Block Zero to the east of the
ESF area provides space for the first five years’ emplacements. Major features include
a 300-foot standoff from the Ghost Dance Fault, a 25.5-foot-diameter TBM waste ramp,
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a 25.5-foot-diameter TBM tuff ramp, a 25-foot-diameter up-ream or V-mole men-and-
materials shaft, a 25-foot-diameter up-ream or drill and blast emplacement exhaust
shaft, a 12-foot-diameter drill and blast exploratory shaft, and a second 12-foot-
diameter drill and blast exploratory shaft.

There is one subset for Configuration R-8. This subset contains three main blocks but
instead of rounded entries suitable for rail transportation, all panel entries are at right
angles off main intakes to the blocks. A TBM erection and dismantling chamber would
be needed for each emplacement drift within a block, or these panel entries could be
constructed using drill and blast with trackless equipment.

Historical Repository Configuration R-9 TBM Layout 3, SCP-CDR Qutline and

Elevation

Historical Repository Configuration R-9 consists of the SCP-CDR perimeter drift
bounding emplacement drifts reoriented perpendicular to the mains. The drifts are
constructed at 126-foot centers in a sequence progressing from north to south. The
alignment and gradient of the mains remains unchanged, but a fourth main is added as
an emplacement intake. Gradients are as steep as in the SCP-CDR, precluding the use
of rail transportation. This configuration does not have the independent blocks of
Configurations R-7 and R-8, but is constructed in panels like the SCP-CDR layout.
There are 12 full panels oriented east to west from perimeter drift to perimeter drift,
and three shorter panels from the west perimeter drift to the mains. There are six
emplacement drifts in each panel. Emplacement drifts are constructed across the full
repository width between perimeter drifts. Mining and emplacement accesses remain
unchanged at the north end of the repository. Mains are kept in advance, with the tuff
main connected to a possible future ventilation shaft at the south end. This
configuration was designed for vertical emplacement of commingled waste with an
APD less than 57 kW per acre. Major features include a 25.5-foot-diameter TBM waste
ramp, a 235.5-foot-diameter TBM tuff ramp, a 25-foot-diameter up-ream or V-mole
men-and-materials shaft, a 25-foot-diameter up-ream or drill and blast shaft, a 12-foot-
diameter drill and blast exploratory shaft, and a second 12-foot-diameter drill and blast
exploratory shaft. The major construction method is TBM with drill and blast to be
used for panel cross cuts.
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Configuration R-9 is one of three subsets which include constructing the layout as
described above, using drill and blast techniques, constructing (using TBMs) the
emplacement drifts on one side of the mains only, and progressing in the "circular"
fashion described in the SCP-CDR (R-5).

Historical Repository Configuration R-10 TBM Layout 4, SCP-CDR Outline Raised to
NEW TSwl/TSw2 Interface

Historical Repository Configuration R-10 incorporates the SCP-CDR perimeter drift to
bound emplacement drifts that have been reoriented perpendicular to the mains.
Gradients of emplacement drifts are flattened to about 3 to 4 percent by taking
advantage of the possible new location of the TSw1/TSw2 interface. The drifts are
constructed at 126-foot centers in a sequence progressing from north to south. The
alignment and gradient of the mains remains unchanged, but a fourth main is added as
an emplacement intake. Gradients are not as steep as in Configuration R-9, and with
further analysis, could possibly be flat enough to allow the integrated use of rail
transport throughout the repository. This configuration does not have independent
blocks as in Configurations R-7 and R-8, but is constructed in panels as is the SCP-CDR
layout. There are 12 full panels, oriented E-W from perimeter drift to perimeter drift,
and 3 shorter panels from the west perimeter drift to the mains. There are six
emplacement drifts in each panel. Emplacement drifts are constructed across the full
repository width between perimeter drifts. Mining and emplacement accesses remain
unchanged at the north end of the repository. Mains are kept in advance, with the tuff
main connected to a possible future ventilation shaft at the south end. This
configuration was designed for vertical emplacement of commingled waste with an
APD less than 57 kW per acre. Major features include flattened grades, a 25.5-foot-
diameter TBM waste ramp, a 25.5-foot-diameter TBM tuff ramp, a 25-foot-diameter
up-ream or V-mole men-and-materials shaft, a 25-foot-diameter up-ream or drill and
blast shaft, a 12-foot-diameter drill and blast exploratory shaft, and a second 12-foot-
diameter drill and bldst exploratory shaft. The major construction method is TBM with
drill and blast to be used for panel cross cuts.

No subsets were developed for Configuration R-10.
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Historical Repository Configuration R-11 TBM Layout 5, SCP-CDR Outline and
Elevation - Mining From South

Historical Repository Configuration R-11 is based on the SCP-CDR boundaries, and
emplacement drifts are bounded by the SCP-CDR perimeter drift. The waste ramp,
waste main, and bearing of the mains are the same as in the SCP-CDR design. Waste-
emplacement drifts run perpendicular to the mains from the west to the east perimeter
drifts of the repository (full width) and are constructed by TBMs. The spacing between
emplacement drifts is 126 feet center-to-center. The emplacement shops are at the
north end and development shops are at the south end. All waste transport and
emplacement activities come from the north end, and development activities from the
south end, providing a natural separation. A ramp is needed at the south end for tuff
removal. Four mains are needed, and emplacement advances from north to south.
Development initially takes place by constructing the main accesses. Panels are then
formed on the retreat from the north end to the south leaving a buffer between
emplacement and development. Emplacement drifts are driven at right angles to the
mains with TBMs. As a TBM reaches the repository boundary, it will reverse direction
with a fairly short radius curve and drive another emplacement drift in the opposite
direction. Major features include a 25-foot-diameter TBM waste ramp, a 25-foot-
diameter TBM tuff ramp, a 25-foot-diameter V-mole or up-ream men-and-materials
shaft, a 25-foot-diameter V-mole or up-ream emplacement exhaust shaft, a 12-foot-
diameter drill and blast exploratory shaft, and a second 12-foot-diameter drill and blast
exploratory shaft.

No subsets were identified for Configuration R-11.

Historical Repository Configuration R-12 TBM Layout 6, Two Blocks Integrated With

ESF

Historical Repository Configuration R-12 consists of a lower block at elevations ranging
from 3231 feet to 3279 feet and an upper block at elevations ranging from 3530 feet to
3655 feet. Both blocks are west of the Ghost Dance Fault, with the ESF east of the
fault. The blocks are constructed by TBM. There are four access openings including
the ESF. The ESF consists of the tuff ramp and a 16-foot-diameter shaft. Part of the
repository men-and-materials shops will be developed as part of the ESF for mining

3D-10



operations. Towards the end of repository construction, the 16-foot ESF shaft will be
enlarged to 25 feet to serve as emplacement ventilation exhaust. Both the tuff ramp
and waste ramp split off at the higher level to intersect the upper block at a near-flat
gradient. They also continue down at the initial gradient to reach the lower block. The
lower block contains seven panels with four emplacement drifts per panel. The
emplacement drifts are spaced at 126 feet center-to-center with vertical emplacement
boreholes 7.5 feet on center. The APD is less than 57 kW per acre. The upper block
contains nine long panels with four emplacement drifts per panel. The drift spacing,
borehole spacing, and APD are the same as for the lower block. For ventilation
purposes the upper panels are divided in half. A 300-foot barrier is maintained
between the repository and the Ghost Dance Fault. The primary construction method
is TBM with a minor amount of drill and blast. Major features include a 25-foot-
diameter TBM waste ramp, a 25-foot-diameter TBM tuff ramp, a 25-foot-diameter up-
ream or V-mole men-and-materials shaft, a 16-foot-diameter drill and blast exploratory
shaft/emplacement exhaust shaft (later enlarged using V-mole to 25 feet).

One subset was identified for Configuration R-12. This subset contains two main
blocks, but instead of rounded entries suitable for rail transportation, all panel entries
are perpendicular off main intakes to the blocks. A TBM erection and dismantling
chamber would be needed for each emplacement drift within a block, or panels could
be constructed by drill and blast with trackless equipment.

Historical R_epositog Configuration R-13 TBM Layout 7, Four Panels Within SCP-
CDR Area ‘

Historical Repository Configuration R-13 was developed as a very preliminary concept
to show four stepped panels oriented approximately east to west, with 2,500-foot-long
emplacement drifts constructed by TBMs that are oriented roughly north to south. No
specific arrangements for erection/dismantlement facilities were considered. This
layout assumes that the new higher TSw1/TSw2 interface and gradients for
emplacement drifts are flatter than those in the SCP-CDR (R-5). Panels are entered at -
the east end from the mains. The ESF is located adjacent to the bottom of the tuff and
waste ramps used for tuff haulage and waste transport. The men-and-materials shaft is
located east of the ESF and the exhaust shaft is northwest of the bottom of the ramps.
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This configuration has four waste emplacement blocks. The ESF includes two shafts,
one of which will be enlarged to become the emplacement exhaust shaft for the
repository. The primary method of construction is with TBM; however, there is also an
unspecified amount of drill and blast. APD is less than 57 kW per acre for vertical
emplacement of commingled waste. Major features include a 25-foot-diameter TBM
waste ramp, a 25-foot-diameter TBM tuff ramp, a 25-foot-diameter up-ream or V-mole
men-and-materials shaft, and a 25-foot-diameter up-ream or V-mole emplacement
exhaust shaft (originally the ESF shaft, later enlarged).

No subsets of Historical Repository Configuration R-13 were identified.

Historical Repository Configuration R-14 TBM Layout 8, 1984 Version

Historical Repository Configuration R-14 was developed in 1984 in parallel with other
initial concepts under consideration for the SCP-CDR. Horizontal and vertical
emplacement options were both examined for this configuration. This configuration
uses the same repository boundary as the SCP-CDR, an extended perimeter drift, and
approximately the same ramp and shaft accesses. Two waste-emplacement areas are
utilized, one to the southeast of the northeast to southwest-oriented mains, and the
other on the northwest side of the mains. It uses all available space in the northwest
corner between the Solitario Canyon and Drill Hole Wash Fault Systems. The
emplacement orientation is vertical, with commingling of waste forms. Major features
include a 24.5-foot-diameter TBM waste ramp, a 17-foot-diameter TBM tuff ramp, a
25-foot-diameter drill and blast men-and-materials shaft, a 25-foot-diameter
emplacement exhaust shaft, a 12-foot-diameter drill and blast exploratory shaft, and a
6-foot-diameter exploratory shaft.

Three subsets were identified for Configuration R-14. Emplacement drifts were
oriented north to south as an alternative to east to west. Horizontal emplacement
options were briefly developed for north to south and east to west configurations. The
specific subsets are an east to west emplacement drift, a horizontal emplacement, a
north to south emplacement drift, a vertical emplacement, and a north to south
emplacement drift with horizontal emplacement.
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Historical Repository Configuration R-15 Preconceptual Horizontal Emplacement
Configuration

Historical Repository Configuration R-15 was developed during 1984. 1t is a horizontal
emplacement case that uses waste and tuff ramp accesses from the surface; men-and-
materials and emplacement exhaust shafts; waste, tuff, and service mains; and
exploratory shafts at the same location as the SCP-CDR (R-5). In addition, a pair of
mains (tuff and waste) are driven in the northwest section of the repository that make
the layout distinctly different from the other historical repository configurations. The
layout of Configuration R-15 has about 16 emplacement panels. The control layout
boundary encompasses 1960 acres and was determined by analyses of overburden,
thickness, faults, and groundwater. Emplacement drifts are spaced 1428 feet apart and
driven east and west from the mains. These emplacement drifts intersect a perimeter
emplacement exhaust drift within the repository boundary. An additional pair of mains
(tuff and waste) are driven on the west side of the repository to access the western
extremities of the last three blocks on the north. This configuration is based on design
criteria of an areal heat load of 57 kW per acre, a maximum allowable temperature of
390 degrees Fahrenheit one meter from the canister borehole, drilling of and retrieval
from horizontal boreholes up to 700 feet long, and a canister assembly of 16.9 feet. The
emplacement boreholes are drilled 110 feet apart, 700 feet long with 60 feet between
hole ends. A maximum of 34 canisters are emplaced in each borehole. Major features
include a TBM waste ramp (size unavailable), a TBM tuff ramp (size unavailable), a
drill and blast men-and-materials shaft (size unavailable), a drill and blast emplacement
exhaust shaft (size unavailable), a 12-foot-diameter drill and blast exploratory shaft, and
a 6-foot-diameter exploratory shaft.

There is one subset for Configuration R-15. The subset is for a vertical emplacement
configuration using the same repository boundary, and 19 emplacement panels, but not
employing the second set of mains in the northwest area. The vertical emplacement
facility uses panel access and midpanel drifts to the perimeter drift, with emplacement
drifts driven at 113-foot centers. Emplacement hole spacing was 16 feet between holes,
with a 12-foot standoff to panel access drifts and a 170-foot standoff to the mains.
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APPENDIX 3E
TWENTY-FOUR PRELIMINARY NEW OPTIONS



This appendix includes sketches and data sheets for the 24 preliminary new
options developed by the ESF-AS Task-4 participants plus a summary sheet describing
the type and number of accesses for each of the 24 preliminary new options.
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ACCESS SUMMARY

GROUP A. DRILL & BLAST, SINGLE LEVEL REPOSITORY
DESCRIPTIVE TITLE ESF_ACCESSES REPOSITORY ACCESSES *
SHAFTS RAMPS | SUBTOTAL SHAFTS RAMPS TOTAL
Al MTL N., SHAFT/TUFF RAMP 1 1 2 3 2 5
A2 MTL N., SHAFT/SHAFT 2 - 2 4 2 6
A3 MTL N., SHAFT/VASTE RAMP 1 1 2 3 2 5
A4 MTL N., SHAFT/SHAFT/TUFF RAMP 2 1 3 3 2 5
A5 MTL S., SHAFT/TUFF RAMP 1 1 2 3 2 S
A6 MTL S., SHAFT/UASTE RAMP 1 1 2 3 2 s
A7 MTL N., TUFF RAMP/WASTE RAMP - 2 2 2 2 4
A8 MIL S., TUFF RAMP/WASTE RAMP - 2 2 2 2 4
A9 MTL S., SHAFT/TUFF RAMP 1 1 2 2 3 S
A10  MTL S., SHAFT/TUFF RAMP 1 1 2 3 2 5
GROUP B. TBM, SINGLE LEVEL REPOSITORY
DESCRIPTIVE TITLE ESF_ACCESSES REPOSITORY ACCESSES *
. SHAFTS RAMPS SUBTOTAL SHAFTS RAHPS TOTAL
81  MTL N. SHAFT/TUFF RAMP 1 1 2 3 2 s
B2  MTL N. SHAFT/SHAFT 2 - 2 3 2 5
B3 MTL N. SHAFT/WASTE RAMP 1 1 2 3 2 S
B4  MTL S., SHAFT/TUFF RAMP 1 1 2 3 2 5
B5  MTL S., SHAFT/WASTE RAMP 1 1 2 3 2 5
B6  MIL N., TUFF RAMP/WASTE RAMP - 2 2 2 2 4
B7  MTL S., TUFF RAMP/WASTE RAMP - 2 2 2 2 4
B8  MTL S., SHAFT/TUFF RAMP 1 1 2 2 3 H
B9  MTL S., SHAFT/TUFF RAMP 1 1 2 3 2 5
GROUP C. TBM, STEP BLOCK REPOSITORY
DESCRIPTIVE TITVLE ESF_ACCESSES REPOSTTORY ACCESSES *
SHAFTS RAMPS SUBTOTAL SHAFTS RAMPS TOTAL
Cl  MTL N. SHAFT/TUFF RAMP 1 1 2 2 2 4
€2  MTL N. SHAFT/SHAFT 2 - 2 3 2 H
€3 MTL N. SHAFT/WASTE RAMP 1 1 2 2 2 4
C4  MTL S., SHAFT/TUFF RAMP 1 1 2 3 k3 5
€S MTL N., TUFF RAMP/WASTE RAMP - 2 2 2 2 4

*INCLUDES ESF ACCESSES,VENT., M/M, TUFF, AND WASTE

3E-2



oot |

R
Cony

OUTLINE OF REPOSITORY :

PERIMETER BOUNDARY

£

N

] AN

1 AN

H N\

[ N TUFE A
; N RAMP

i “ MEN/MATERIALS (EsF AccEss #2)
i \_SHAFTY oo
I

|

{

\

1 wré3000]

INTERSECT DRILL
HoLE wask Faul]]

N\

WAsSTE
Zamp

} PUFT o
] (M BRI CATE
1 FAULT

4
=Xz

r‘\ EMPLACEMENT]
EBXH. SHACET

| EMPLACEMEN'T
ORIFTS

ANEL, ACCESS

WT$0000]

MECH - MECHANICAL MINING

'L‘——-OUTLINE OF REPQSITORY
| PRIMARY AREA BOUNDARY
[
1
1
i
ll e fad hiviad haied 1coa 3000 ‘;°° WT50000)]
\_,_J' 1cat 1« FEET 1
|
LEGEND: .
ESF - EXPLORATORY SHAFT f% - INDICATES DRILL AND BLAST
FACILITY 24  EXCAVATED MTL.
MTL - MAIN TEST LEVEL .
D&B - DRILL AND BLAST @ - INDICATES MECHANICALLY
TBM - TUNNEL BORING MACHINE EXCAVATED MTL.

ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

A1 MTL N., SHAFT/TUFF RAMP

3E-3




PRELJMINARY NEW OPTION #

OPTION DESCRIPTION

Al
MTL NORTH, SHAFY 7/ TUFF RAMP

#

ESSES

TOTAL ACCESSES

REPOS1TORY

ACCESSES ESF_ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE
TYPE SHAFY RAMP SHAFT SHAFT SEE ESF ACCESS #2 RAMP
SI1ZE (APPX.) 16’ DIAL 257 DIA. 25' DIA. 25 DIA. 25¢ DIA.
CONSTRUCTION D&B T8M MECH. HECH. TeM
LOCATION 82 At B2 c1 81
SURFACE
UNDERGROUND B2 82 82 [} B2
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NONE NONE NONE
EMERG. EGRESS EMERG. EGRESS
SERVICE (M/M) HUCK HANDLING
ESF _FUNCTION IN REPOSITORY ESF ACCESS #1 ESF_ACCESS #2 ML
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE
PERSONNEL HANDLING PERSONNEL
REPOSITORY OPERATIONS VENTILATION TUFF RAMP NONE

LAYOUT FEATURES

TEST PROGRAM FEATURES

MINING METHOOS

MINING METHODS

EXPL. DRIFTS D&B AND TBM
MTL D&B
MTL LOCATION B2

ACCESS TO CALICO HILLS

SHAFT OR RAMP

MTL ELEVATION

MAINS T8M
PERIMETER DRIFT T8M
PANEL ACCESS D&8
EMPL. ORIFTS (1243
ELEVATION Df REPOSITORY LOUER
(SCP-COR REF.)
EMPLACEMENT DRIFT ORIENTATION N34 E

CORRE SPONDS
W1TH REPOSITORY

EXTENT OF EXPL. DRIFTING

ORILL HOLE WASH FAULT
GHOSY DANCE FAULY
IMBRICATE FAULY

ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

A1 MTL N., SHAFT/TUFF RAMP
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PRELJMINARY NEW OPTION # A2

OPTION DESCRIPTION

MTL NORTH, SHAFT / SHAFY

ACCESSES

# ESF ACCESSES

2

TOTAL ACCESSES

ESF _FUNCTION IN REPOSITORY

ESF_ACCESS #1

ESF ACCESS #2

LAY

REPOSITORY

LAYOUT FEATURES

REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE
PERSONNEL HANOL NG, PERSONNEL
REPOSITORY OPERATIONS VENTILATION VENTILATION NONE

MINING METHOOS

MAINS . TeM
PERIMETER DRIFT T8M
PANEL ACCESS D&B
EMPL. DRIFTS 1231
ELEVATION OF REPOSITORY LOWER
{SCP-CDR REF.)
EMPLACEMENT DRIFT ORIENTATION N 34 E

TEST_PROGRAM FEATURES

ESF ACCESS #1 ESF_ACCESS #2 MEN & MATERIAL EMENT EXHAUST TUFF WASTE
TYPE SHAFT SHAFT SHAFT SHAFT RANP RAMP
SIZE (APPX.) 16/ DIA. 16' DIA. 25¢ DIA. 25 DIA. 25 DIA. 25’ DIA.
CONSTRUCTION D&B D48 MECH. MECH. TBM BM
LOCATION 82 B2 82 €1 Al 81
SURFACE
UNDERGROUND B2 B2 82 ct B2 82
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NONE NONE NONE NONE
EMERG. EGRESS EMERG. EGRESS
SERVICE (M/M) MUCK HANDLING

MINING METHODS

EXPL. ORIFTS D&B
MTL 23:]
MTL LOCATION 82

ACCESS TO CALICO HILLS

SHAFT OR RAMP

MTL ELEVATION

CORRESPONDS
WITH REPOSITORY

EXTENT OF EXPL. DRIFTING

DRILL HOLE WASH FAULT
GHOST DANCE FAULY
IMBRICATE FAULT

ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

A2 MTL N., SHAFT/SHAFT
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PRELIMINARY NEW OPTION # A3

OPTION DESCRIPYION MTL NORTH, SHAFT / WASTE RAMP

# ESF ACCESSES 2

TOTAL ACCESSES

SEE ESF ACCESS #2

REPOSITORY

LAYOUT FEATURES

MINING METHODS

MAINS TBM
PERIMETER DRIFT BM
PANEL ACCESS D&B
EMPL. DRIFTS D&B
ELEVATION Of REPOSITORY LOWER
(SCP-CDR REF.)
EMPLACEMENT DRIFT ORIENTAYION N34 E

TEST PROGRAM FEATURES

ACCESSES ESF ACCESS #1 ESF ACCESS #2 HEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE l
TYPE SHAFY RAMP SHAFT SKAFT RAMP
SIZE (APPX.) 16’ DIA. 25’ DIA. 25° DIA, 25' DIA. 25 DIA.
CONSTRUCTION &g TBM MECH. HECH. T8M
LOCATIOX 82 81 B2 c1 At
SURFACE
UNDERGROUND 82 B2 B2 (4] 82
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NONE NONE NONE
EMERG. EGRESS EMERG. EGRESS
SERVICE (M/M) MUCK HANDLING
ESF_FUNCTION IN REPOSITORY ESF_ACCESS #1 ESF _ACCESS #2
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NOKE
PERSONNEL HANDL ING PERSORNEL
REPOSITORY OPERATIONS VENTILATION WASTE RAMP KONE

MINING METHODS

EXPL. DRIFTS DEB AND T8M
MIL D&B
MTL LOCATION 82

ACCESS TO CALICO HILLS

SHAFT OR RAMP

MTL ELEVATION

CORRE SPONDS
WITH REPOSITORY

EXTENT OF EXPL. DRIFTING

DRILL HOLE WASH FAULT
GHOST DANCE FAULT
IMBRICATE FAULY

ESF ALTERNATIVES STUDY
TASK NO.4

PRELIMINARY NEW OPTIONS
A3 MTL N., SHAFT/WASTE RAMP
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PRELIMINARY NEW OPTION # A4 {REV.1}  (ESF FUNCTIONS WILL BE REASSIGNED ?)
OPTION DESCRIPTION _ MTL NORTH, SHAFT / SHAFY / TUFF RAMP

TOTAL ACCESSES 5

ACCESSES ESF _ACCESS #1 ESF ACCESS #2 ESF ACCESS #3 MEN & MATERIAL | EMPLACEMENT EXH. r-_ TUFF WASTE
TYPE SHAFT SHAFT RAMP SHAFT SEE ESF ACCESS #2 [SEE ESF ACCESS #3 RAMP
SIZE (APPX.) 167 DIA. 107 DIA. (ESF) 25¢ DIA. 25 DIA. 257 DIA.

125¢ DIA. (REPOS.)
CONSTRUCT ION D&B MECH. 18K MECH. BN
LOCATION B2 c1 At B2 81
SURFACE
UNDERGROUND B2 c1 B2 82 B2
E€SF FUNCTION SCIENCE SCIENCE SCIENCE
VENTILATION VENTILATION VENTILATION NONE HONE
EMERG. EGRESS EMERG. EGRESS EMERG. EGRESS
SERVICE (M/N) HUCK HANDLING

ESF_ACCESS #1 ESF_ACCESS #2 MTL ACCESS #3

ESF_FURCTION IN REPOSITORY
REPOSITIORY DEVELOPMENT VERTILATION VENTILATION NONE VENTILATION, MUCK
PERSONNEL HANDLING  PERSONNEL
REPOS[TORY OPERATIONS VENTILATION VENTILATION NOKE TUFE RAMP

REPOSITORY LAYOUY FEATURES TEST PROGRAM FEATURES

MINING METHODS MINING METHODS

HMAINS TBM EXPL. DRIFTS D&B AND TBM

PERIMETER ORIFT T8M MTL D&8

PANEL ACCESS D&B MTL LOCATION B2

EMPL. DRIFTS D&8 ACCESS TO CALICO HILLS SHAFT DR RAMP
ELEVATION OF REPOSITORY LOWER MTL ELEVATION CORRESPONDS

(SCP-COR REF.) WITH REPDSITORY

EMPLACEMENT DRIFT ORIENTATION N34 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT

GHOST DANCE FAULT
IMBRICATE FAULT

ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

A4 MTL N., SHAFT/SHAFT/TUFF RAMP
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PRELTMINARY NEW OPTION # AS
OPTION DESCRIPYION _ MIL SOUTH, SHAFT / TUFF RAMP
# ESF ACCESSES 2

TOTAL ACCESSES

ACCESSES ESF _ACCESS #1 ESF_ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUF§ WASTE
TYPE SHAFT RAMP SHAFT SHAFT SEE ESF ACCESS #2 RAMP
S1ZE (APPX.) 167 DIA. 25 DIA. 25¢ DIA. 257 DIA. 25 DIA.
CONSTRUCTION D&8 TeM MECH, MECH. TBM
LOCATION 03 D2 03 82 81
SURFACE
UNDERGROUND D3 D3 03 B2 B2
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NOKE NONE NOKE
EMERG. EGRESS EMERG. EGRESS
SERVICE (HM/M) RMUCK HANDLING
ESF FUNCTION IN REPOSITORY ESF _ACCESS #1 ESF ACCESS #2 LY
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE
PERSONNEL HANDL ING , PERSONNEL
REPOSITORY OPERATIONS VENTILATION TUFF RAMP NONE

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES
MINING METHODS MINING METHODS
MAINS TEN EXPL. DRIFTS D88 AND TBM
PERIMETER DRIFT T8M MTL [323:1
PANEL ACCESS 23] MTL LOCATION D3
EMPL. DRIFTS D&B (MINING FULL REPOS. ACCESS TO CALICO HILLS SHAFT OR RAMP
WIDTH, RETREAT TO SOUTH
ELEVATION OF REPOSITORY LOWER MTL ELEVATION CORRESPONDS
) (SCP-CDR REF.) WITH REPOSITORY
EMPLACEMENT DRIFT ORIENTATION N34 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT,

GHOST DANCE FAULT, [MBRICATE
FAULT, DRIFT TO NORTH END

ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

A5 MTL S., SHAFT/TUFF RAMP
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PRELIMINARY NEW OPTION ¥ A6
OPTION DESCRIPTION  MTL SOUTH, SHAFT / UASTE RAMP

# ESF ACCESSES 2 TOTAL ACCESSES 5
[ACCE P T : :
ACCESSES ESF ACCESS #1 ESF _ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF MASTE I
TYPE SHAFT RAMP SHAFT SHAFT RAMP SEE ESF ACCESS #2
SIZE (APPX.) 164 DIA. 257 DIA. 25' DIA. 25’ DIA. 257 DIA.
CONSTRUCTION D& TBM MECH. MECH. T84
LOCATION D3 B1 03 82 b2
SURFACE
UNDERGROUND D3 B2 03 B2 D3
ESF FUNCTION SCIENCE SCIENCE
- VENTILATION VENTILATION NONE NONE RONE
EMERG. EGRESS EMERG. EGRESS
SERVICE (M/M) MUCK HANDLING
ESF _FUNCTION IN REPOSITORY J ESF ACCESS #1 ESF ACCESS #2 MTL
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MuCK NONE
PERSONNEL HANDL ING PERSONNEL
REPOSITORY OPERATIONS VENTILATION - WASTE RAMP NONE

REPCS1TORY LAYOUT FEATURES TEST PROGRAM FEATURES
MINING METHODS MINING METHODS
MAINS T8M EXPL. DRIFTS DEB AND TBM
PERIMETER ORIFT TBM MTL D&s
PANEL ACCESS 08B MTL LOCATION D3
EMPL. DRIFTS DEB (MINING FULL REPOS. ACCESS YO CALICO HILLS SHAFT OR RAMP
WIDTH, RETREAT 10 SOUTH)
ELEVATION OF REPOSITORY LOWER MIL ELEVATION CORRESPONDS
(SCP-COR REF.} WITH REPOSITORY
EMPLACEMENT DRIFT DRIENTATION N34 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT,
GHOST DANCE FAULT, IMBRICATE
FAULT, LONG DRIFT TD SOUTH

ESF ALTERNATIVES STUDY
_ TASK NO.4
PRELIMINARY NEW OPTIONS

A6 MTL S., SHAFT/WASTE RAMP
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PRELIMINARY NEW OPTION # A7

OPTION DESCRIPTION

HTL NORTH, TUFF RAMP / WASTE RAMP

2

# ESF ACCESSES TOTAL ACCESSES

ACCESSES

ESF_ACCESS #1

ESF_ACCESS #2

HEN & MATERIA

EMPLACEMENT EXKAUST

WASTE l

EMERG. EGRESS
MUCK HANDLING

EMERG. EGRESS
SERVICE (M/K)

ESF FU‘(C"G& IN REPOSH;(‘)RY

ESF_ACCESS #1

ESF_ACCESS #2

TYPE RAMP RAMP SHAFT SHAFT SEE ESF ACCESS #1 | SEE ESF ACCESS #2
SIZE (APPX.) 25 DIA. 25¢ DIA. 25' DIA. 25 DIA.
CONSTRUCTION TaM T8M MECH. MECH.
LOCATION Al 81 B2 ]

SURFACE

UNDERGROUND B2 82 82 "]
ESF FUNCTION SCIENCE SCIENCE

VENTILATION VENTILATION NONE NONE

REPOSITIORY DEVELOPMENT VENTILATION, MUCK VENTILATION NONE
HANDL ING, PERSONNEL PERSONNEL
REPDSITORY OPERATIONS TUFF RAMP WASTE RAMP NONE

REPOSITORY LAYOUT FEATURES

MINING METHODS

MAINS T84
PERIMETER DRIFY 84
PANEL ACCESS D&B
EMPL. DRIFTS D&B
ELEVATION OF REPOSITORY LOWER
(SCP-CDR REF.)
EMPLACEMENT DRIFT ORIENTATION N 34 F

TEST PROGRAM FEATURES

MINING METHODS

EXPL. ORIFTS D&B AND T8H
MIL D&B
MTL LOCATION 82
ACCESS TO CALICO HILLS ., RAMP
MTL ELEVATION CORRESPONDS

WITH REPQSITORY

EXTENT OF EXPL. DRIFTING

DRILL HOLE WASH FAULT,
GHOST DANCE FAULT,
IMBRICATE FAULY

ESF ALTERNATIVES STUDY

TASK NO.4

PRELIMINARY NEW OPTIONS
A7 MTL N., TUFF RAMP/WASTE RAMP
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A8 MTL S., TUFF RAMP/WASTE RAMP
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PRELIMINARY NEW OPTION # A8

OPTION DESCRIPTION _ MVYL SOUTH, TUFF RAMP / UASTE RAMP
# ESF ACCESSES 2

TOTAL ACCESSES 4

s S e B R S
ACCESSES ESF ACCESS #1 ESF_ACCESS #2 EMPLACEMENT EXHAUST TUFF WASTE
TYPE RAMP RAMP SHAFY SEE ESF ACCESS #1 | SEE ESF ACCESS #2
SI1ZE (APPX.} 25¢ D1A. 25¢ DIA. 254 DIA. 25¢ OIA.
CONSTRUCTION TBM T8M MECH. MECH.
LOCATION b2 B1 03 82
SURFACE
UNDERGROUND 03 82 03 82
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NONE NONE
EMERG. EGRESS EMERG. EGRESS
MUCK HANDLING SERVICE (M/M)
ESF FUNCT]ON IK_REPOSITORY ESF_ACCESS #1 ESF_ACCESS #2 MTL
REPOSITIORY DEVELOPMENT VENTILATION, MUCK VENTILATION NONE
HANDL ING, PERSONNEL PERSONNEL
REPOSITORY OPERATIONS TUFF RAMP WASTE RAMP NONE

REPOSITORY LAYOUT FEATURES

TEST PROGRAM FEATURES

MINING METHODS MINING METHODS

MAINS T8M EXPL. DRIFTS DEB AND T8M

PERIMETER DRIFT T8M MTL 048

PANEL ACCESS v D&8 MTL LOCATION 03

EMPL. DRIFTS DEB (MINING FULL REPOS. ACCESS TO CALICO HILLS RAMP

WIDTH, RETREAT TO SOUTH)
ELEVATION OF REPOSITORY LOWER MYL ELEVATION CORRESPONDS
(SCP-CDR REF.) - WITH REPQSITORY

EMPLACEMENT DRIFT ORIENTATION N3ME EXTENT OF EXPL. DRIFTING DRILL HOLE WASK FAULT,

GHOST DANCE FAULT, TMBRICATE.
FAULT, LONG NORTH-SOUTH DRIFT

ESF ALTERNATIVES STUDY
_ TASK NO.4
PRELIMINARY NEW OPTIONS

A8 MTL S., TUFF RAMP/WASTE RAMP
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ESF ALTERNATIVES STUDY

TASK NO.4

PRELIMINARY NEW OPTIONS
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PRELIMINARY HEW OPTION # A9
OPTION DESCRIPTION MYt SOUTH, SHAFT / TUFF RAMP
# ESF ACCESSES 2

TOTAL ACCESSES

e i
ACCESSES ESF_ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE
TYPE SHAFT RAMP RAMP SHAFT SEE ESF ACCESS #2 RAMP
S12E (APPX.) 16' DIA. 25 DIA. 25’ DiA. 25 D1A. 25°¢ DIA.
CONSTRUCTION D&8 TeM TBM MECH. TR
LOCATION D3 03 3 B2
SURFACE
UNDERGROUND 03 03 03 B2
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION RONE NONE NONE
EMERG. EGRESS EMERG. EGRESS
SERVICE (M/M) MUCK HANDLING

ESF FUNCTION IN REPOSITORY ESF_ACCESS #1 ESF_ACCESS #2

REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE
PERSONNEL HANDL ING, PERSONNEL
REPOSITORY OPERATIONS VENTILATION TUFF RAMP NONE

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES
MINENG METHODS MINING METHOOS
MAINS T8M EXPL. DRIFTS D&8 AND TB8M
PERIMETER DRIFT T84 HTL &8
PANEL ACCESS D&B MTL LOCATION 03
EMPL. DRIFTS D&B (MINING FULL REPOS. ACCESS TO CALICO HILLS SHAFT OR RAMP
RIDTH, RETREAT TO SOUTH)
ELEVATION OF REPOSITORY LOWER MTL ELEVATION CORRESPONDS
(SCP-COR REF.) WITH REPOSITORY
EMPLACEMENT DRIFT ORIENTATION N34 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT,

GHOST DANCE FAULT, IMBRICATE
FAULT, LONG DRIFY TQ NORTH

ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

A9 MTL S., SHAFT/TUFF RAMP
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PRELIMINARY NEW OPTIOK #

Al0

DPYION DESCRIPTION

KTl SOUTH, SHAFT / TUFF RAKP

REPOSITORY LAYOUT FEATURES

MINING METHOOS

MAINS . T8M
PERIMETER DRIFT TBM
PANEL ACCESS 048

EMPL. DRIFIS D&B (MINING FULL REPOS.
WIDTH, RETREAT TO SOUTH)
ELEVATION OF REPOSITORY LOWER

{SCP-CDR REF.)

EMPLACEMENT DRIFT DRLENTATION

N34 E

ACCES.SES ESF_ACCESS #1 ESF_ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFE VASTE
TYPE SHAFY RAMP SHAFT SHAFT SEE ESF ACCESS #2 RAMP
SIZE (APPX.) 16’ DIA. 25¢ DIA. 25 DIA. 25¢ DIA. 25/ DIA.
CONSTRUCTION 23] 84 MECH. MECH. T8M
LOCATION 03 D4 03 82 a1
SURFACE
UNDE RGROUHD 03 b3 D3 82 82
ESF FUNCTION SCI1ENCE SCIENCE
VENTILATION VENTILATION NOKE HOKE NONE
EMERG. EGRESS EMERG. EGRESS
SERVICE (M/M) MUCK HANDLING
ESF FUNCTION IN REPOSITORY ESF _ACCESS #1 ESF ACCESS #2 MTL
REPOSITIDRY DEVELOPHENT VENTILATION VENTILATION, MUCK NONE
PERSONNEL HANDL ING, PERSONNEL
REPOSITORY OPERATIONS VENTILATION TUFF RAMP NONE

TEST PROGRAM FEATURES

MINING METHODS

EXPL. ORIFTS D&B AND TBM
MTL D&B
MTL LOCATION D3

ACCESS TO CALICO RILLS

SHAFT OR RAMP

MTL ELEVATION

CORRESPONDS
WITH REPOSITORY

EXTENT OF EXPL. DRIFTING

DRILL HOLE WASH FAULT,
GHOSY DANCE FAULT, IMBRICATE
FAULT, LONG DRIFT TO NORTH

ESF ALTERNATIVES STUDY

TASK NO.4

PRELIMINARY NEW OPTIONS
A10 MTL S., SHAFT/TUFF RAMP
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ESF ALTERNATIVES STUDY

TASK NO.4

PRELIMINARY NEW OPTIONS
81 MTL N., SHAFT/TUFF RAMP
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PRELIMINARY NEW OPTION # 81

OPTION DESCRIPTION
# ESF ACCESSES 2

MYL NORTH, SHAFT / YUFF RAMP

TOTAL ACCESSES 5

ESF ACCESS #1 ESF ACCESS #2 WEN £ MATERIAL _|EMPLACEMENT EXHAUST[ TUFF WASTE
TYPE SHAFT RAMP SHAFT SHAFT SEE ESF ACCESS #2 RAMP
SIZE (APPX.) 67 DIA. 757 DIA. 257 OIA. 257 OIA. 757 DIA.
TONSTRUCT 10N D&B BN RECH. WECH. T
TOCATION B2 At B2 B2 B
SURFACE
UNDERGROUND B2 82 B2 82 82
ESF FUNCTION SCIENCE SCIENCE
VENTILAY1OM VENTILATION NOWE NONE NONE
EMERG. EGRESS EMERG. EGRESS
SERVICE (M/H) HUCK HANDLING
ESf FUNCTION IN REPOSITORY - ESF ACCESS #1 ESF _ACCESS #2 WIL
REPOSITIORY DEVELOPHERT VENTILATION | VENTILATION, MUCK NOKE
PERSONNEL __|WANDLING, PERSONNEL
REPOSITORY OPERATIONS VENTILATION TUFF RARP WONE

REPOSITORY LAYOUT FEATURES

TEST PROGRAM FEATURES

MINING METHODS

EMPLACEMENT DRIFY ORIENTATION

MINING METHODS
MAINS T8N EXPL. DRIFTS MECH.
PERIMETER DRIFT 18 MTL HECH.
PANEL ACCESS NOT USED MTL LOCATION 82
EMPL. DRIFTS T8M ACCESS TD CALICO HILLS SHAFY OR RAMP
ELEVATION OF REPOSITORY LOWER MIL ELEVATION CORRESPONDS
(SCP-COR REF.) WITH REPOSITORY
N 56 W EXTENY OF EXPL. DRIFTING DRILL HOLE WASK FAULT,

GHOST DANCE FAULT,

IHMBRICATE FAULT

ESF ALTERNATIVES STUDY
_ TASK NO.4
PRELIMINARY NEW OPTIONS

B1 MTL N., SHAFT/TUFF RAMP
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PRELIMINARY NEM OPTION # B2

OPTION DESCRIPTION  MTL NORTH, SHAFT / SHAFT
# ESF ACCESSES 2

TOYAL ACCESSES 5

ESF FUNCTION 1N REPOSITORY

EMERG. EGRESS
MUCK HANDLING

EMERG. EGRESS
SERVICE (M/M)

LOWER T8M

ACCESSES ESF ACCESS #1 ESF _ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE

TYPE SHAFT SHAFT SHAFT SEE ESF ACCESS #2 RAMP RANP
SIZE (APPX.) 16’ DIA. 25¢ DIA. 25! DIA. 25¢ DIA. ,25' DIA,
CONSTRUCTEON D&s MECH. MECH. TBM TBM
LOCATION 82 82 B2 Al 81

SURFACE

UNDERGROUND 82 82 B2 82 82
E£SF FUNCTION SCIENCE SCIENCE

VENTILATION VENTILATION NONE NONE

REPOSITORY LAYOUT FEATURES

ESF_ACCESS #1 ESF_ACCESS #2
REPOS1TIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE
PERSONKEL HANDLING, PERSONNEL
REPOSITORY OPERATIONS VENYILATION EMPLACEMENT KONE
EXHAUST

TEST PROGRAM FEATURES

MINING METHODS

. NONE

MINING METHOOS

EXPL. DRIFTS MECH.
MTL MECH.
MTL LOCATION B2

ACCESS 1O CALICO RILLS

MAINS TBM
PERIMETER DRIFT TBH
PANEL ACCESS NOT USED
EMPL. DRIFTS B8
ELEVATION OF REPOSITORY LOWER

(SCP-COR REF.)

SHAFT OR RAMP

MTL ELEVATION

EMPLACEMENT DRIFT ORIENTATION

N S6 W

CORRESPONDS
WITH REPOSITORY

EXTENT OF EXPL. DRIFTING

DRILL HOLE WASH FAULY

GHOST DANCE FAULT
IMBRICATE FAULT

ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

B2 MTL N., SHAFT/SHAFT
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ESF ALTERNATIVES STUDY
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PRELIMINARY NEW OPTIONS
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PRELIMINARY NEW OPTION # B3
MTL NORTH, SHAFT / MASTE RAMP

OPTION DESCRIPTION

(REV.1)

# ESF ACCESSES

2

TOTAL ACCESSES

REPOSITORY LAYOUT FEATWéS

TEST PROGRAM FEATURES

e e R S S ik
ACCESSES ESF_ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE
TYPE SHAFT RAMP SHAFY SHAFT RAMP SEE ESF ACCESS #2
SIZ2E (APPX.) 167 DIA. 25¢ DIA. . 25’ DIA. 25 DIA. 25" DIA.
CONSTRUCTION MECH TBM MECH. MECH. T8M
LOCATION 82 81 82 B2 Al
SURFACE
UNDERGROUND 82 82 82 B2 B2
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NONE HONE NOKE
EMERG. EGRESS EMERG. EGRESS
SERVICE (M/M) MUCK HANDLING
ESF _FUNCTION IN REPOSITORY ESF_ACCESS #1 ESF ACCESS #2 ML
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE
PERSONNEL HANDLING, PERSONNEL
REPUSITORY OPERATIONS VENTILATION WASTE RAMP NONE

MINING METHODS

MINING METHOOS

EXPL. DRIFTS MECH.
MYL MECH.
MTL LOCATION B2

ACCESS TO CALICO KILLS

SHAFT OR RAMP

MTL ELEVATION

CORRESPONDS
WITH REPDSITORY

MAINS TBM
PERIMETER DRIFT TBM
PANEL ACCESS NOT USED
EMPL. DRIFTS 18K
ELEVATION OF REPOSITORY LOWER
(SCP-COR REF.)
EMPLACEMENT DRIFT ORIENTATION N S6 W

EXTENT OF EXPL. DRIFTING

DRILL HOLE WASH FAULY

GHOST DANCE FAULY
IMBRICATE FAULT

ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

B3 MTL N., SHAFT/WASTE RAMP
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ESF ALTERNATIVES STUDY
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PRELIMINARY NEW OPTIONS

B4 MTL S., SHAFT/TUFF RAMP
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PRELIMINARY NEW OPTION # B4
OPTION DESCRIPTION MTL SOUTH, SHAFT / TUFF RAMP

# ESF ACCESSES 2 TOTAL ACCESSES S
ACCESSES ESF_ACCESS #1 ESF_ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE
TYPE SHAFY RAHP SHAFT SHAFT SEE ESF ACCESS #2 RAMP
SIZE (APPX.) 16! DIA. 25¢ DIA. 25" DIA. 25¢ DIA. 25 DIA.
CONSTRUCTION ks TBM MECH. MECH. 8M
LOCATION 03 D2 D3 82 81
SURFACE
UNDERGROURD 03 b3 D3 82 B2
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NONE NONE NONE
EMERG. EGRESS EMERG. EGRESS
SERVICE (M/M) MUCK HANDLING
ESF _FUNCTION IN REPOSITORY ESF_ACCESS #1 ESF _ACCESS #2 KTL
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, HUCK KONE
PERSONNEL HANDLING, PERSONNEL
REPOSITORY OPERATIONS VENTILATION TUFF RAMP NOKE

REPOSITORY LAYOUT FEATURES TEST _PROGRAM FEATURES

MINING METHODS MINENG METHOOS

HAINS TBM . EXPL. DRIFTS MECH.

PERIMETER ORIFY o BN MTL MECH.

PANEL ACCESS NOT USED MTL LOCATION D3

EMPL. DRIFTS T8M ACCESS TO CALICO HILLS SHAFT OR RAMP
ELEVATION DF REPOSITORY LOWER MTL ELEVATION CORRESPONDS

(SCP-CDR REF.) . WITH REPOSITORY

EMPLACEMENT DRIFT ORIENTATION N 56 W EXTENT OF EXPL. DRIFTING DRILL HOLE WASHK FAULT,

GHOST DANCE FAULT, IMBRICATE
FAULT,DRIFT TO NORTH END

ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

B4 MTL S., SHAFT/TUFF RAMP
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PRELIMINARY NEW OPTION # BS

OPTION DESCREPTION _MTL SOUTH, SHAFT / WASTE RAMP
#

TOTAL ACCESSES 5

WASTE

SEE ESF ACCESS #2

REPOSITORY LAYOUT FEATURES

ACCESSES ESF _ACCESS #1 ESF ACCESS #2 MEN & MATERIA| EMPLACEMENT EXHAUST TUFF
TYPE SHAFY RAMP SHAFT SHAFT RAMP
SIZE (APPX.) 16' DIA. 25 DIA. 25 DIA. 25¢ DIA. 25¢ DIA.
CONSTRUCTION D&B 8M MECH. MECH. -1
LOCATION 03 B1 D3 B2 D2
SURFACE
UNDERGROUND 03 B2 03 82 03
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENRTILATION NONE NONE NONE
EMERG. EGRESS EMERG. EGRESS
SERVICE (M/M} HUCK HANDLING
ESF_FUNCTION IN REPOSITORY ESF ACCESS #1 ESF ACCESS #2 ML
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NOKE
PERSONNEL HANDL ING, PERSONNEL
REPOSITORY OPERATIONS VENTILATION WASTE RAMP NONE

MINING METHODS

MAITNS BM
PERIMETER DRIFT TBM
PANEL ACCESS NOT USED
EMPL. ORIFTS B
ELEVATION OF REPOSITORY LOWER
(SCP-CDR REF.)
EMPLACEMENT DRIFT ORIENTATION N 56 W

TEST PROGRAM FEATURES

MINING METHODS

EXPL. DRIFTS MECH.

MTL MECH.

MTL LOCATJON D3
ACCESS TO CALICO HILLS SHAFT OR RAMP
MTL ELEVATION CORRESPONDS

WITH REPOSITORY

EXTENT OF EXPL. DRIFYING

DRILL HOLE WASH FAULY,
GHOST DANCE FAULT, IMBRICATE
FAULT, LONG DRIFT 70 SOUTH

ESF ALTERNATIVES STUDY
TASK NO.4

PRELIMINARY NEW OPTIONS

B5 MTL S., SHAFT/WASTE RAMP
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NOTE: FOR LEGEND SEE OPTION A1 ESF ALTERNATIVES STUDY
TJASK NO.4

PRELIMINARY NEW OPTIONS
86 MTL N., TUFF RAMP/WASTE RAMP
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PRELIMINARY KEW OPTION # 86

DPTION DESCRIPTION

ACCESSES

S

ESF ACCESS #1

MTL NORTH, TUFF RAMP / WASTE RAMP

ESF _ACCESS #2

MATERIAL EMPLACEMENT EXHAUST TUFF WASTE

ESF FUNCTION IN REPOSITORY

EMERG. EGRESS
MUCK HANDLING

TYPE RAMP RAMP SHAFT SHAFY SEE ESF ACCESS #1 | SEE ESF ACCESS #2°
SI12E (APPX.) 25¢ DIA. 25 DIA. 25 DIA. 25' DIA.
CONSTRUCTION T84 TBM MECH. MECH.
LOCATION At 81 82 B2

SURFACE

UNDERGROUND B2 B2 B2 B2
ESF FUNCTION SCIENCE SCIENCE

VENTILATION VENTILATION NOKE NONE

EMERG. EGRESS
SERVICE (M/M)

ESF_ACCESS #1

ESF_ACCESS #2 ML

REPOSITORY

LAYOUT FEATURES

REPOSITIORY DEVELOPMENT VENTILATION, MUCK VENTILATION NONE
HANOLING, PERSONNEL PERSONNEL
REPOSITORY OPERATIONS TUFF RAMP WASTE RAMP NONE

TEST PROGRAM FEATURES

MINING METHOOS

MINING METHOOS

MAINS T8M EXPL. DRIFTS MECH.
PERIMETER DRIFY TBH MTL MECK.
PANEL ACCESS NOT USED MTL LOCATION 82
EMPL. DRIFTS TBM ACCESS TO CALICO HILLS RAMP
ELEVATION OF REPOSITORY LOWER MIL ELEVATION CORRESPONDS
{SCP-COR REF.) WITH REPOSITORY
EMPLACEMENT DRIFT ORIENTATION N S6 M EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT,

GHOST DANCE FAULT,
IMBRICATE FAULT

B6 MTL N., TUFF RAMP/WASTE RAMP

ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS
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PRELIMINARY NEW OPTIONS
B7 MTL S., TUFF RAMP/WASTE RAMP
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PRELIMINARY NEW OPTION # 87

OPTION DESCRIPTION

MTL SOUTH, TUFF RAMP / WASTE RAMP

# ESF ACCESSES

2

TOTAL ACCESSES

ESF ACCESS #2

TUFF T

REPOSITORY LAYOUT FEATURES

MINING METHOOS

HAINS TBM
PERIMETER DRIFT 84
PANEL ACCESS HOT USED
EMPL. DRIFTS T8M
ELEVATION OF REPOSITORY LOWER
(SCP-COR REF.)
EMPLACEMENT DRIFT ORIENTATION N 56U

TEST PROGRAM FEATURES

ACCESSES ESF_ACCESS #1 MEM & MATERIAL  [EMPLACEMENT EXHAUSTY WASTE ]
TYPE RAMP RAMP SHAFY SHAFT SEE ESF ACCESS #1 | SEE ESF ACCESS #2
SIZE (APPX.) 257 DIA. 25’ DIA. 25 DIA. 25 DIA.
CONSTRUCT | ON T8H TBM MECH. MECH.
LOCATION 02 81 D3 82
SURFACE
UNDERGROUND 03 B2 03 82
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NONE NONE
EMERG. EGRESS EMERG. EGRESS
MUCK HANDLING SERVICE (M/M)
ESF_FUNCTION 1IN REPOSITORY ESF_ACCESS #1 ESF ACCESS #2 MTL
REPOSITIORY DEVELOPMENT VENTILATION, MUCK | VENTILATION NONE
HANDL WG  PERSONNEL PERSONNEL
REPOSITORY OPERATIONS TUFF RAMP WASTE RAMP NONE

MINING METHODS

EXPL. DRIFTS MECH.
MIL MECH.,
MTL LOCATION o3
ACCESS TO CALICO HILLS RANP
MTL ELEVATION CORRESPONRS

VITH REPOSITORY

EXTENT OF EXPL. DRIFYING

PRILL AQLE VABH FAULY,
GHOST DANCE FAULT, IMBRICATE
FAULT, LONG NORTH-SOUTH DRIFT

PRELIMINARY NEW OPTIONS
B7 MTL S., TUFF RAMP/WASTE RAMP

ESF ALTERNATIVES STUDY

TASK NO.4
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ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

B8 MTL S., SHAFT/TUFF RAMP
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PRELIMINARY NEW OPTION # B8

OPTION DESCRIPTION MTL SOUTH, SHAFY / TUFF_RAMP

# ESF ACCESSES 2

JOTAL ACCESSES

5

ACCESSES ESF ACCESS #1 ESF_ACCESS #2 MER & MATERIA EMPLACEMENT EXHAUST TUFF WASTE
TYPE SHAFT RAMP RAMP SHAFT SEE ESF ACCESS #2 RAMP
SI12E (APPX.) 16* DIA. 25' DIA. 25' DIA. 25’ DIA. 25’ DIA.
CONSTRUCTION 111} TeM KECK. MECH. Tex
LOCATION D3 b3 c3 82 81
SURFACE
UNDERGROUND b3 03 03 82 B2
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NONE NONE NONE
EMERG. EGRESS EMERG. EGRESS
SERVICE (M/M) MUCK HANDLING
ESF FUNCTJON IN REPDSITORY ESF ACCESS M1 ESF_ACCESS #2 HiL
REPOSITIORY DEVELOPMENT VENTILATION VENTILAVION, MUCK NONE
PERSONKEL HANDLING, PERSONNEL
REPOSITORY OPERATIONS VENTILATION TUFF RAMP NONE

REPOSIYORY

LAYOUT FEATURES

MINING METHODS

MAINS TBK
PERIMETER DRIPT TBM
PANEL ACCESS NOT USED
EMPL. DRIFTS TBM
ELEVATION OF REPOSITORY LOWER

{SCP-COR REF.)

EMPLACEMENT DRIFT ORIENTATION

K 56 W

TEST PROGRAM FEATURES

MINING METHODS

EXPL. DRIFTS MECH.
MTL MECH,
MTL LOCATION D3

ACCESS TO CALICO HILLS

SHAFT OR RAMP

MIL ELEVATION

CORRESPONDS
WITH REPOSITORY

EXTENT OF EXPL.

DRIFTING

DRILL HOLE WASH FAULT,
GHOST DANCE FAULT, IMBRICATE
FAULT,DRIFT TO NORTH END

ESF ALTERNATIVES STUDY

TASK NO.4

PRELIMINARY NEW OPTIONS
B8 MTL S., SHAFT/TUFF RAMP
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PRELIMINARY MEW OPTION #

OPTION DESCRIPTION

B?
MTL SOUTH

# ESF ACCESSES

2

SHAFT / TUFF RAMP

ESF _FUNCTION IK REPOSITORY

e
ACCESSES ESF_ACCESS #1 ESF ACCESS #2 MEN & MATERIAL MENT EXHAUST TUFF
TYPE SHAFY RAMP SHAFY SHAFT SEE ESF ACCESS #2
SIZE (APPX.) 16' DIA. 25 DIA. 257 DIA. 25/ DIA. 25' DIA.
CONSTRUCT JON DEB TBM MECH MECH
LOCATION 03 D4 D3 82
SURFACE
UKDERGROUND D3 D3 03 B2 82
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NONE NONE NONE
EMERG., EGRESS EMERG. EGRESS
SERVICE (M/M) HUCK HANDLING

ESF ACCESS N1 ESF ACCESS #2

REPOSITORY

LAYOUT FEATURES

REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE
PERSONNEL HANDLING, PERSONNEL
REPOSITORY OPERATIONS VENTELATION TUFF RAMP NONE

TEST PROGRAM FEATURES

MINING METHODS

MAINS

MINING METHOOS

PERIMETER DRIFT

PANEL ACCESS

EMPL. DRIFTS

ELEVATION OF REPOSITORY

EMPLACEMENT DRIFT ORIENTATION

TBM EXPL. DRIFTS MECH.
T8M MTL MECH.
NOT USED MTL LOCATION 03
T8M ACCESS TO CALICO HILLS SHAFT OR RAMP
LOWER MTL ELEVATION CORRESPONDS
(SCP-COR REF.) WITR REPOSITORY
N 56 W EXTENT OF EXPL. DRIFTING DRILL KOLE WASH FAULT,

GHOST DANCE FAULT, IMBRICATE
FAULT,DRIFT TO NORTH EMD

ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

B9 MTL S., SHAFT/TUFF RAMP
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PRELIMINARY NEW OPTION # €1

OPTION DESCRIPYION

# ESF ACC

NTL NORTH, SHAFY / YUFF _RAMP

EMERG. EGRESS
SERVICE (H/M)

EMERG. EGRESS
MUCK HANDLING

ACCESSES ESF AACCESS‘#“ ESF .ACCESS #2’ MEN & MATERIAL EMPLACEMENT EXHAUST JUFF WASTE
TYPE SHAFT RAMP SHAFT SEE ESF ACCESS #1 | SEE ESF ACCESS #2 RAMP
SIZE (APPX.} 16' DIA. (ESF) 25’ DIA. 25' DIA. 25’ DIA.
25’ DIA. (REPOS.)
CONSTRUCT 10N [:233 T8H MECH. 8M
LOCATION B2 Al 82 3]
SURFACE
UNDERGROUND 82 82 B2 82
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NONE NONE

ESF FUNCTION IN REPOSITORY

ESF_ACCESS #1

ESF ACCESS #2

REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE
PERSONNEL HANDL ING  PERSONKEL

REPOSITORY OPERATIONS EMPL. EXHAUST TUFF RAMP NONE
(25’ DIA.)

REPOSITORY

LAYOUY FEATURES

MINING METHOOS

MAINS TBH
PERIMETER DRIFT TBK
PANEL ACCESS TeM
EMPL. DRIFTS TBH
ELEVATION OF REPOSITORY UPPER & LOWER
MULTIPLE BLOCKS
EMPLACEMENT DRIFT ORIENTATION NOE, N12E

TEST _PROGRAM FEATURES

MINING METHODS

EXPL. DRIFTS MECH.
MTL MECH.
MTL LOCATION B2

ACCESS 70 CALICO HILLS

SHAFT QR RAMP

MTL ELEVATION

UPPER AND LOWER LEVELS
CORRESPOND WITH REPDSITORY

EXTENT OF EXPL. DRIFTING

DRILL HOLE WASH FAULT,
GHOST DANCE FAULT,
IMBRICATE FAULT

DATE_

ESF ALTERNATIVES STUDY
TASK NO.4

PRELIMINARY NEW OPTIONS
C1 MTL N., SHAFT/TUFF RAMP
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ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

C2 MTL N, SHAFT/SHAFT
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PRELIMINARY NEW OPTION # C2 -

OPTION DESCRIPTION MTL NORTH, SHAFT / SHAFY
2 TOTAL ACCESSES S

# ESF ACCESSES

ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST JUFF WASTE
TYPE SHAFTY SHAFT SHAFT SEE ESF ACCESS #2 RAMP RAMP
SIZE (APPX.) 16’ D1A. 25¢ DIA. 25' DIA. 25¢ BIA. 25" DIA.
CONSTRUCT ION D&s MECH. HECH. TBK TBM
LOCATION B2 82 82 At 81
SURFACE
UNDERGROUND B2 82 B2 82 82
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION HONE NONE NONE
EMERG. EGRESS EMERG. EGRESS
HUCK HANDLING SERVICE (M/M)
LOWER TBM
hE; FUNCTION IN REPOSITORY ESF ACCESS #1 ESF ACCESS #2
REPOSITIORY DEVELOPMENT VENTELATION, MUCK VENTILATION
HANDL ING, PERSONNEL PERSONNEL
REPOSITORY OPERATIONS VERTILATION EMPL. EXHAUSY NONE

TEST PROGRAM FEATURES

REPOSITORY LAYOUT FEATURES

MINING METHOOS MINING METHODS
MAINS TBM EXPL. DRIFTS KECH.
PERIMETER DRIFT TBM ML MECH.
PANEL ACCESS TBM MTL LOCATION 82
EMPL. DRIFTS TBM ACCESS TO CALICO HILLS SHAFT QR RAMP
ELEVATION OF REPOSITORY UPPER & LOWER MTL ELEVATION UPPER AND LOWER LEVELS
MULTIPLE 8LOCKS CORRESPOND WITH REPOSITORY
EMPLACEMENT DRIFT ORIENTATION NOE, N12E EXTENT OF EXPL. ORIFTING ORILL HOLE WASK FAULT
GHOST DANCE FAULT
IMBRICATE FAULT
“INFORMATION COPY”
ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS
C2 MTL N., SHAFT/SHAFT
DATE
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PRELIMINARY NEW OPTION # €3
OPTION DESCRIPTION  MTL MORTH, SHAFT / WASTE RAMP

# ESF ACCES

EMERG. EGRESS
SERVICE (M/M)

ACCESSES ESF_ACCESS #1 ESF_ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST] TUFf WASTE I
TYPE SHAFT RAMP SHAFT SEE ESF ACCESS M1 RAMP SEE ESF ACCESS #2
S1ZE (APPX.) 16/ DIA. (ESF) 25' DIA. 25¢ DIA. 25" DIA.
25 DIA. (REPDS.)
CONSTRUCTION DiB TBN MECH.
LOCATION B2 81 82
SURFACE
UNDERGROUKD B2 82 B2
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NONE

EMERG. EGRESS
MUCK HANDLING

REPOSITORY LAYOUT FEATURES

ESF FUNCTION IN REPOSITORY ESF_ACCESS #1 ESF ACCESS #2
REPOSITIORY DEVELOPMENT VERTILATIOR VENTILATION, MUCK NONE
PERSONNEL HANDL ING PERSONNEL
REPOSITORY OPERATIONS EMPL. EXHAUST WASTE RAMP NONE
- (25’ DIA.)

TEST PROGRAM FEATURES

MINING METHODS
MAINS

MINING METHODS

PERIMETER DRIFY

PANEL ACCESS

EMPL. DRIFTS

ELEVATION OF REPOSITORY

EMPLACEMENT DRIFT ORIENTATION

TBM EXPL. DRIFTS MECH.

T8M MTL MECH.

TBM MIL LOCATION 82

T8M ACCESS ,JO CALICO KILLS SHAFT DR RAMP
UPPER & LOWER MIL ELEVATION UPPER AND LOWER LEVELS: . -
MULTIPLE BLOCKS CORRESPOND WITH REPOSITORY:
NOE, N12E EXTENT OF EXPL. DRIFTING ORILL HOLE WASH FAULT

GHOST DANCE FAULT
IMBRICATE FAULT

ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

C3 MTL N., SHAFT/WASTE RAMP
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PRELIMINARY NEW OPTIONS
C4 MTL S., SHAFT/TUFF RAMP
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PRELIMINARY NEW OPTION # C4

OPTION DESCRIPTION MTL SOUTH, SHAFT / TUFF RAMP
# ESF ACCESSES 2

TOYAL ACCESSES

S

REPOSITORY LAYOUT FEATURES

MINING METHODS

MAINS T8M
PERIKETER DRIFT TBH
PANEL ACCESS 18K
EMPL. DRIFTS TeK
ELEVATION OF REPOSITORY UPPER & LOWER
MULTIPLE BLOCKS
EMPLACEMENT DRIFT ORIENTATION NOE NI12E

TEST PROGRAN PHATUREE

ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN § MATERIAL _|EMPLACEHENT EXHAUST U VASTE
TYPE SHAFT RANP SHAFT SHAFT SEE ESF ACCESS #2 RAMP
SIZE (APPX.) 16+ DIA. 757 DIA. 757 DIA. 257 BIA. 257 DIA.
CONSTRUCTION ) T8R WECH. WECH. TR
LOCATION 03 B2 b3 B2 &
SURFACE
UNDERGROUND 3 03 b3 82 82
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NONE NONE NONE
EMERG. EGRESS EMERG. EGRESS
SERVICE (M/M) MUCK HANDLING
ESF_FUNCTION IN REPOSLTORY _ ESF ACCESS #1 | ESF ACCESS #2 HIL
REPOSITIORY DEVELOPMENT VENTILATION | VENTILATION, MUCK WONE
PERSONNEL HAHDLING PERSONNEL
REPOSITORY OPERATIONS VENTILATION TUFF RAMP NORE

MINING METHODS

EXPL. DRIFTS HECH.

L1138 HECH

MTL LOCATION b3
ACCESS TO CALICO HILLS SHAFT OR RAMP

MTL ELEVATION

UPPER AND LOWER LEVELS
CORRESPOND WITH 'REPOS]TORY

EXTENT OF EXPL. DRIFTING

DRILL HOLE WASH FAULT,
GHOST DANCE FAULT, IMBRICATE
FAULT, LONG DRIFY YO WORTH

ESF ALTERNATIVES STUDY

.PﬁELIMINARY_ NEW OPTIONS
C4 MTL S., SHAFT/TUFF RAMP

TASK NO.4
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PRELIMINARY NEW OPTIONS
C5 MTL N., TUFF RAMP/WASTE RAMP
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PRELIMINARY NEW OPTION # _C5

OPTION DESCRIPTION
# ESF ACCESSES

MTL_KORTH, TUFF RAMP
2

WASTE RAMP

TOTAL ACCESSES

REPOSITORY

LAYOUT FEATURES

MINING METHODS

MAINS TBM
PERTMETER DRIFY T8M
PANEL ACCESS TBM
EMPL. DRIFTS TBM
ELEVATION OF REPDSITORY UPPER & LOWER:
MULTIPLE BLOCKS
EMPLACEMENT DRIFT ORIENTATION NOE, N12E

ACCESSES ESF_ACCESS #1 ESF_ACCESS #2 MEN & MATER] EMPLACEMENT EXHAUST TUFF MASTE }
TYPE RAMP RAMP SHAFT SHAFT SEE ESF ACCESS #1 | SEE ESF ACCESS #2
{126 (APPX.) 25' DIA. 25/ DIA. 25' DIA. 25’ DIA.
CONSTRUCTION T6M TBM MECH. MECH.
LOCATION [X] [1] B2 82
SURFACE
UNDERGROUND B2 82 82 82
ESF FUNCTION SCIENCE SCIENCE
VENTILATION VENTILATION NONE NOKE
EMERG. EGRESS EMERG. EGRESS
MUCK HANDLING SERVICE (M/M)
ESF_FUNCTION IK REPOSITORY ESF_ACCESS #1 ESF ACCESS #2 KTL
REPOSITIORY DEVELOPMENT VENTILATIOR, MWUCK VERTILATION NONE
HANDL I NG PERSONNEL PERSONNEL
REPOSITORY OPERATIONS TUFF RAMP WASTE RAMP NONE

TEST PROGRAM FEATURES

MINING METHOOS

EXPL. DRIF1S MECH.
ML MECH,

MTL LOCATION B2
ACCESS TO CALICO HILLS RAMP

MTL ELEVATION

UPPER AND LOWER LEVELS
CORRESPOND WITH REPQSITORY

EXTENT OF EXPL. DRIFTING

DRILL HOLE WASH FAULT,
GHOST DANCE FAULTY,
IMBRICATE FAULT

ESF ALTERNATIVES STUDY
TJASK NO.4

PRELIMINARY NEW OPTIONS
C5 MTL N., TUFF RAMP/WASTE RAMP
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APPENDIX 3F

GENERIC VARIATIONS FOR THE
24 PRELIMINARY NEW OPTIONS



This appendix includes "generic variations" for the 24 preliminary new options
developed by the ESF-AS Task-4 participants. Generic variations were items uniquely
identified for each of the options (such as mining method) that could be changed in a
generic way to some other reasonable alternative.

N
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GENERIC VARIATIONS OF SELECTED FEATURES
PRELIMINARY NEW OPTIONS-GROUP A

SHAFT SIZES
Approximate sizes are shown for each option. Actual sizes will be based on
design needs.

RAMP SIZES
Approximate sizes are shown for each option. Actual sizes will be based on
design needs.

SHAFT CONSTRUCTION METHOD
A method is shown for each option, but all options can use either drill and blast
or mechanical excavation techniques.

RAMP CONSTRUCTION METHOD
A method is shown for each option, but all options can use either drill and blast
or mechanical excavation techniques.

EXPLORATION DRIFTING TO REPOSITORY EXTREMITIES
Some options incorporate a long connecting (exploration) drift as a necessary
feature of the concept. The other options can incorporate exploration drifts.

REPOSITORY ELEVATION WITHIN THE TSw2 HORIZON
An elevation or "vertical position" is shown for each option, but all options can
use either the lower position (SCP-CDR reference) or the upper position (which
is based on a revised interpretation of the TSw1/TSw2 interface and requires
confirmation by surface-based testing).

ELEVATION COMPARED TO REPOSITORY ELEVATION
An MTL elevation or "vertical position" relative to the repository is shown for
each option, but other elevations for the MTL can be accommodated.
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DISTRIBUTED MTL TESTING
- An MTL "plan view" location is shown for each option, but the flexibility exists to
split out and relocate certain test activities to enhance characterization.

ORIENTATION OF THE EMPLACEMENT ROOMS
The orientation of the emplacement rooms is shown for each option, but a wide
margin of flexibility exists within each option to accommodate changes.

MINING SEQUENCE
Some options show a mining sequence as a feature of the concept (such as retreat
mining to the south), but most options can accommodate variations in the mining
sequence (and the corresponding emplacement sequence).
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GENERIC VARIATIONS OF SELECTED FEATURES
PRELIMINARY NEW OPTIONS-GROUP B

SHAFT SIZES
Approximate sizes are shown for each option. Actual sizes will be based on

design needs.

RAMP SIZES
Approximate sizes are shown for each option. Actual sizes will be based on

design needs.

SHAFT CONSTRUCTION METHOD
A method is shown for each option, but all options can use either drill and blast
or mechanical excavation techniques.

RAMP CONSTRUCTION METHOD
A method is shown for each option, but all options can use either drill and blast
or mechanical excavation techniques.

EXPLORATION DRIFTING TO REPOSITORY EXTREMITIES
Some options incorporate a long connecting (exploration) drift as a necessary
feature of the concept. The other options can incorporate exploration drifts.

REPOSITORY ELEVATION WITHIN THE TSw2 HORIZON
An elevation or "vertical position" is shown for each option, but all options can
use either the lower position (SCP-CDR reference) or the upper position (which
is based on a revised interpretation of the TSw1/TSw2 interface and requires
confirmation by surface-based testing).

ELEVATION COMPARED TO REPOSITORY ELEVATION
An MTL elevation or "vertical position" relative to the repository is shown for
each option, but other elevations for the MTL can be accommodated.
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DISTRIBUTED MTL TESTING
An MTL "plan view" location is shown for each option, but the flexibility exists to
split out and relocate certain test activities to enhance characterization.

ORIENTATION OF THE EMPLACEMENT ROOMS
The orientation of the emplacement rooms is shown for each option, but a wide
margin of flexibility exists within each option to accommodate changes.

MINING SEQUENCE
Some options show a mining sequence as a feature of the concept (such as retreat
mining to the south), but most options can accommodate variations in the mining
sequence (and the corresponding emplacement sequence).
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GENERIC VARIATIONS OF SELECTED FEATURES
PRELIMINARY NEW OPTIONS-GROUP C

SHAFT SIZES
Approximate sizes are shown for each option. Actual sizes will be based on
design needs.

RAMP SIZES
Approximate sizes are shown for each option. Actual sizes will be based on
design needs.

SHAFT CONSTRUCTION METHOD
A method is shown for each option, but all options can use either drill and blast
or mechanical excavation techniques.

RAMP CONSTRUCTION METHOD
A method is shown for each option, but all options can use either drill and blast
or mechanical excavation techniques.

EXPLORATION DRIFTING TO REPOSITORY EXTREMITIES
One option incorporates a long connecting (exploration) drift as a necessary
feature of the concept. The other options can incorporate exploration drifts.

REPOSITORY ELEVATION WITHIN THE TSw2 HORIZON
Two elevations or "vertical positions" (referred to as the upper and lower blocks)
which utilize the additional TSw2 thickness are shown for each option. This
additional thickness is based on a revised interpretation of the TSw1/TSw2
interface and requires confirmation by surface-based testing,

With further refinement, the 300-foot vertical distance between the blocks may be
reduced by changing their vertical positions in the horizon . This may result in
different vertical block positions, all at various elevations. For example, there

may be an upper, middle and lower block, each 100 feet apart. The

corresponding MTL(s) would be located in the best position(s) to suit
characterization.

3F-6



ELEVATION COMPARED TO REPOSITORY ELEVATION
Two MTL elevations or "vertical positions" corresponding to the repository block
positions (upper and lower) are shown for each option. However, other
elevations for the MTL can be accommodated. For example, a single upper MTL
elevation, or a middle MTL elevation instead of MTLs at each block elevation,
can be selected.

DISTRIBUTED MTL TESTING
An MTL "plan view" location is shown for each option, but the flexibility exists to
split out and relocate certain test activities to enhance characterization. Because
these options all use MTLs on two repository horizons, some distribution of MTL
testing has already occurred.

ORIENTATION OF THE EMPLACEMENT ROOMS
The orientation of the emplacement rooms is shown for each option, but a wide
margin of flexibility exists within each option to accommodate changes.

MINING SEQUENCE

All options can accommodate variations in the mining sequence (and the
corresponding emplacement sequence).
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1.0 Introduction

The U.S. Department of Energy (DOE) has requested that the Yucca Mountain Project
(YMP) conduct a study of alternative configurations and construction method options
for the ESF. The scope of work required to complete this study is defined in
Interaction Task Memo (ITM) 10. Under Task 2 of the study, as defined in ITM-10, a
decision-aiding methodology is being developed. The methodology will be used to
evaluate a number of ESF /repository options and develop a ranking of options based
on their ability to meet defined objectives. Design Investigation Memo (DIM) 240 was
issued to control the development and implementation of the methodology in the study.
An initial concept for the decision method has been developed. The proposed method
is based on a multi-attribute utility analysis, which provides a logical framework for
evaluating and ranking the alternatives.

It is expected that, initially, proposed alternative designs will come primarily from the
historic record (previously developed ESF and repository layouts). Additional options
are being developed to address comments and concerns raised by the Nuclear
Regulatory Commission (NRC), the Nuclear Waste Technology Review Board
(NWTRB), the State of Nevada, and other agencies. Based on initial estimates from
Task 4 (Options Development) of the study, the number of initial options may be quite
large (more than 100). The mechanics of implementing the proposed decision process
dictate that only a limited set of alternatives (perhaps no more than 10 to 12) can be
considered in the final evaluation. In addition, it is desirable to ensure that the
alternatives considered cover the widest possible range so that the recommended
option will represent an optimum choice. To satisfy these two conditions, the
committee working on Task 2 decided that an initial screening of available options
would be necessary. As a result, DIM-242 was issued to guide the development and
implementation of a screening process that would (1) reduce the number of potential
alternatives to a manageable number for the final evaluation process, (2) define major
design features and their ranges that should be considered when defining option
possibilities, and (3) ensure that the set of options considered in the final evaluation
spanned the range of possibilities.

This report documents the results of the design investigation conducted under DIM-242
and is intended to be a guide for conducting the screening process.

2.0 Approach to Preliminary Screening

The preliminary screening process involves a four-step program in which two screening
functions occur. These steps are as follows:

1. Screen out options that can be shown to be in noncompliance with applicable
regulations or requirements.

2. Classify the remaining options based on major features.
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3. Choose a representative option from each class.

4. Recommend additional options to be developed, if necessary, to form a
complete set for final evaluation.

The final product is a set of options that represents all reasonably conceived
combinations of global concepts or ranges of major design features relevant to the
scope of the decision.

2.1 Screening Noncomplying Options

Screening of noncomplying options is considered a higher level, or preliminary,
screening activity based on noncompliance to criteria derived from:

1. testing and site characterization requirements, and

2, regulatorglrl and nonregulatory design and performance requirements,
including functional design requirements.

It is expected that the majority of affected options will be in the historical category
(see Section 3.2), because the screening criteria will be based on present
interpretation of requirements.

The main thrust of the ESF program is to characterize the site through a
comprehensive testing program. As the project has developed, the individual
interpretation of testing needs has changed and matured as the requirements for
performance modelinF have become more clearly defined. It is likely that ESF
options developed early in the program will not accommodate the required tests as
currently outlined in the Site Characterization Plan (SCP). Therefore, these earlier
options may be dropped from further consideration as a result of preliminary
screening.

Regulatory and design requirements provide a second classification for screening.
These requirements are derived from federal, state, and local laws pertinent to the
development of a mined geologic repository for nuclear waste as well as DOE orders
and design documents applicable to the ESF and repository. Task 3 of the ESF
Alternatives Study (ITM-10) will provide a complete compendium of these
requirements. These requirements must be evaluated to determine which, if any, can
be used in preliminary screening. Those used must be of a nature that an informed
evaluator can determine to a high degree of assurance, without substantial analysis or
calculation, whether or not a particular option meets the requirement.

By applying a preliminary screening process based on the two major areas of
consideration discussed above, it is expected that obviously noncompliant options will
be eliminated from further consideration and the reasons for elimination will have
been completely documented. The remaining options will constitute a viable set of
possibilities, all of which conform to basic requirements without any definitive
nonfunctional features.

4A-4



2.2 Consolidating Options

After the initial screening described in Section 2.1, a substantial number of options
may still remain. These options will be consolidated and classified according to
differences in major distinguishing features that are relevant to this study. A
discussion of these features is given in Section 3.1. The number of classes defined
will be the minimum deemed necessary to ensure that the final options set is
complete, i.e., contains sufficient breadth of possible combinations and ranges of
features. It is expected that many of the options considered will fall into several of
the classes; assigning an option to more than one class is unrestricted. The specific
criteria and rationale for defining these classes is discussed in Section 3.3.2.

2.3 Choosing Representative Options

After the alternatives have been assigned to classes, a representative option of each
class will be chosen. The option chosen from each class is representative in the sense
that it represents the range of the particular distinguishing feature for which that
class was defined. That is, options in the same class may not be similar in all aspects
but will be similar or the same relative to one particular feature that was used to
define the class. The criteria for selecting a representative option from each class are
discussed in Section 3.3.3. Once the selection of the final set is made, the options in
the set will be checked against the list of distinguishing features and their desired
ranges to ensure that each feature and its range is properly represented so that the
final set is complete.

The representative option from each class will then be further developed by Task 4, if
necessary, to provide sufficient information about the alternative so that the option
can be scored against objectives. Only the representative option from each class will
participate in the final evaluation and ranking process.

2.4 Recommending Additional Options

The classes of options defined as a result of the activity described in Sections 2.2 and
2.3 will represent as complete a set of options as possible within the restriction placed
on the total number of classes that can be defined. A complete set of options is
needed for the final evaluation to ensure that as broad a range of alternatives,
differing by major relevant design features, is considered in the evaluation and
ranking. The options remaining after initial screening (Section 2.1) may not
represent a complete set in the sense that, after sorting into classes, some of the
defined classes may not have any options in them. If this occurs, a recommendation
to Task 4 will be made to develop an option with the major features characteristic of
the empty class.
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3.0 Defining Ingredients for the Preliminary Screening Process

This section discusses the ingredients or inputs required for the screening ?rocess:
the options expected to be available for screening, the major distinguishing features
of the options that will lead to the formation of options classes, and the criteria by
which the screening and organizing into classes is to be accomplished.

3.1 Defining Major Features that Distinguish Options

To implement the portion of the screening process requiring that options be reduced
to a representative set that can be accommodated in the final evaluation, a means of
categorizing the alternatives is required. This section presents a set of major features
relevant to the scope of the ESF Alternatives Study and explains how that set can be
used to define what distinguishes one option from another.

The following are the major features that have been identified as distinguishing and
relevant to the scope of the ESF Alternatives Study:

—

. Location of access to the ESF
2. Access means
3. Construction method

4. Test Area Configuration

w

. Repository/ESF Interface
These features are discussed in more detail in the following sections.

3.1.1 Location of Access to ESF and MTL

One distinguishing feature of the possible options to be considered is the location of
the accesses used for the repository and particularly the subset of accesses used for
the initial development of the ESF and the main test level (MTL). Location of the
MTL within the general confines of the repository area is also of interest. Options
with different locations of accesses and locations of ESF (which includes testing done
in the accesses) are required to span the range of alternatives needed. Repository
options should show a variety of access locations that are compatible with functional
and other requirements that may be unique to the construction method, and are
compatible with surface terrain and overburden requirements.

3.1.2 Access Means

Access means is the set of shafts and/or ramps used for repository development and
operational needs and the subset of those accesses used for initial ESF development
and operation. Options with different numbers and combinations of the basic access

es are required for the evaluation set. In addition, options with different subsets
of accesses used for initial ESF development are required.
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3.1.3 Construction Method

Alternative repository and ESF construction methods must be considered. Options
featuring different construction methods must be included in the final set. In some
cases, the layout of ESF or repository depends on the construction method used.
Therefore, some coupling is to be expected between construction method and
repository and/or ESF configuration. The construction methods to be considered
include drill and blast, machine excavation, and various combinations of the two.

3.1.4 Test Area Configuration

The current ESF configuration is defined by the SCP and the Title I design. The ESF
Subsystems Design Requirements Document (SDRD) is a set of requirements
specific to that configuration and as such depends directly on the drill and blast
construction method and the two-shaft access configuration. The testing program is
specified in detail in the SDRD (Appendix B) and contains a suite of 35 tests. These
tests were defined in the activities of the SCP and were derived there in relation to
the Key Issues, Issues, and Information Needs relative to the underground testing
aspects of site characterization. For the purposes of the ESF Alternatives Study, test
area configuration refers to the underground area where testing may be conducted as
part of the ESF. This includes accesses to the underground, the MTL, and other
drifts that may be constructed to explore specific geologic features or other portions
of the site. Many different configurations compatible with the testing program
defined in the SCP are possible. The test area configuration will depend somewhat
on construction method, accesses chosen for the ESF, and location of the ESF within
the repository area. It is desirable to have a range of test area configurations in the
alternatives set used for the evaluation. This range of configurations should include
different accesses and different uses of those accesses within the testing program,
different MTL layout concepts, and different exploratory drifting concepts. An
additional feature of the ESF configuration is that sufficient area to accommodate
the testing program must be provided. This should include a minimum area for each
test and appropriate standoff distances. Additional area must be provided in the
event that unexpected geologic conditions are encountered, that tests require
relocation, and that additional tests need to be conducted. Options with differing
amounts of area available to the test program should be included in the evaluation
set.

3.1.5 Repository/ESF Interface

This feature is defined by the degree to which the ESF is integrated into the initial
repository development and subsequent operations. This feature is illustrated by an
ESF ramp or shaft that is later used for material handling, personnel, ventilation, or
for subsequent repository operations. The potential range of this feature runs from a
totally isolated ESF to one in which all ESF accesses are used for initial repository
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development. Intermediate to these extremes would be options where a set of
accesses are devoted to the ESF through the initial period of repository construction
and operation and then converted to repository accesses or ventilation openings.
Options with different ¢oncepts of repository/ESF interface are required for the
evaluation set.

3.1.6 Ranges for Major Features

The concept of a range for a distinguishing feature in the context of developing a
suite of options for the final evaluation process is to indicate the anticipated spread
of possible variations in a feature that could reasonably be included in the
alternatives to be evaluated. The purpose of defining the ranges is to assure that the
options presented or prepared include a reasonable complete span of those features
that might, within the scope of this study, be expected to result in options being
evaluated differently. Table 1 presents a summary of the expected ranges of the five
major distinguishing features for options in this study.

3.2 Options/Alternatives Available

Options or alternatives available are composed of historical alternatives (those
Eroduced prior to the inception of this study), and additional alternatives that have

een developed as a result of ideas generated during the course of this study.
Additional alternatives also include options that utilize acceptable features of historic
alternatives and combine them with new desirable features to replace some of the
original and possibly disqualifying aspects.

3.2.1 Historical Options

Historical options include ESF/repository designs or concepts that have been
formally documented. They consist of alternatives with different access locations,
different types of accesses (ramp/shaft combinations), vertical and horizontal
emplacement configurations for the repository, and a range of construction methods
from drill and blast to the use of tunnel boring machines (TBM).

The alternate repository designs range from drill and blast layouts to all-rail/TBM
layouts. All ESF options developed in this historical series have been predicated on
the assumption that the repository will be constructed by'drill and blast methods, and
that the elevation, orientation, location, and outline of the repository will be as
generally defined and described in the SCP-CDR.

A total of 15 distinct historical alternative repository designs or concepts have been
identified to date. These were developed between 1983 and 1989. Each of these
basic alternatives has several variations that vary the location, number, type, or size
of the accesses to the repository and the ESF.
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TABLE 1

EXPECTED RANGES OF THE FIVE MAJOR FEATURES FOR ESF OPTIONS

Feature

Location

Access Means

Construction Method

Test Area Configuration

Repository/ESF Interface

Range

At least two different locations for the ESF MTL
and the accesses used to develop the MTL should be
considered.

The ESF must have at least two means of access.
The range of alternatives should include two shafts,
two ramps, a shaft and a ramp, and options with
more than two accesses. The set of accesses for the
repository should vary in number with some options
having fewer accesses than the SCP/CDR.

ESF and repository construction methods should
include the combinations of both constructed by drill
and blast, both constructed by mechanical mining
methods (including the accesses to the ESF), and at
least one or more configurations that are
constructed by a combination of both methods, i.e.,
one ESF access drill and blast, one ESF access
machine mined, ESF MTL drill and blast, and
repository machine mined. The combination of a
drill and blast repository with a machine mined ESF
is considered unreasonable.

Test area configuration will differ by configuration
of the MTL, which depends on construction method,
configuration and extent of proposed exploratory
drifting, and by the length of access to the MTL
(dependent on the location of the MTL relative to
the location of the accesses) that provides for
construction phase testing.

A totally isolated or nonintegrated ESF is
considered not to be a reasonable alternative.
Therefore, options should range from those where
integration of the ESF is incidental (i.e., accesses
constructed for the ESF are not really necessary to
the repository but are eventually used) to options
where the ESF accesses are later converted to
integral repository functions.
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In association with the repository designs (plus variations) described above,
approximately 13 distinct design options (51 options including subcases of distinct
options) were developed for the ESF. These options include several alternatives with a
single-shaft or two-shaft access, and one alternative with ESF access by a combination
of a shaft and a ramp.

3.2.2 Additional Options

Additional options have been developed taking into account comments and
recommendations made by the NRC, the NWTRB and others. Among these are
alternatives developed to maximize the use of totally mechanized methods of
excavation (e.g., TBMs to develop emplacement drifts); alternatives developed to
combine desirable features from different options (e.g., using a ramp plus single-shaft
access to the ESF, and later enlarging the shaft for use as a repository ventilation
exhaust shaft); and alternatives developed to obtain maximum benefit from the thicker
geologic horizon between the vitrophyre (TSw3) and the more recent estimates of the
top of the TSw2.

A total of some 30 or so additional options (repository/ESF combinations) have been
examined during the initial part of this study. These options are aimed at integrating
ESF/repository construction to provide relevant and needed site characterization
information at the earliest time frame and to provide a safe working environment for
ESF construction and testing, and for repository development and operation.

3.3 Criteria for Screening, Consolidating, and Choosing Representative
Options :

In this section the criteria and/or method to be used to screen the initial available
options, consolidate the remaining options into classes, and to choose a representative
option from each class are described.

3.3.1 Noncompliance Scfeening Criteria

The initial screening of historical and other alternatives currently available will first
involve a screening based on noncomgliance with regulatory, testing, or other
programmatic requirements. Because of the evolving nature of the repository and ESF
design efforts, it is anticipated that some of the historical options may not meéet current
requirements. Many ESF alternatives were established before the SCP was finalized
and released. Therefore, before submitting any of the current options for final
evaluation, it is necessary to provide some assurance that the options will meet the
fundamental regulatory and site characterization requirements.

As part of the ESF Alternatives Study, an extensive review of all regulatory, design, and
testing requirements is being conducted (under Task 3). The requirements from this
effort will be evaluated and sorted according to their ability to potentially be a
discriminating factor when evaluating alternatives. As a result of the evaluation, a
limited set of requirements will be established that includes those deemed to be most
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discriminatory. From this set, only those regulations and requirements that can be used
to examine an option on a "go" or "no-go" basis will be used for the initial screening.
Whether or not the option meets the stated requirement must be obvious and not a
matter of subjective judgment. This process is not intended to nor will it screen out any
option on the basis of perceived performance characteristics that may not meet current
requirements, or on the basis of meeting other requirements that can be evaluated only
by subjective judgment at present (because of lack of site data or complete analyses)..

The regulatory requirements considered for this study are taken from the applicable
Federal and State Codes. Table 2 is a partial listing of the Federal and State
regulations reviewed for the purpose of determining whether any requirements in those
regulations could be used for initial screening. From these regulations, containing
hundreds of regulatory requirements, it is expected that only a few (<10) may be used
for initial screening.

Initial screening will also be done against current testing requirements. The
requirements used will be developed from SCP testing needs, the proposed tests
themselves, and requirements developed from Appendix B of the SDRD (Testing
Requirements). Testing requirements include the ability to conduct the tests defined in
the SCP. A summary of these tests is provided in Table 3. Some of the tests, as
defined, are ESF-location or construction-method specific. These tests may change
depending on the alternative selected. However, each test is based on a hierarchy of
Issues and Information Needs that must be addressed. Thus, it is expected that, while
some tests may change or some new test may be required dependin%‘l;)n the particular
alternative chosen, the basic testing program must be conducted. e first criterion,
then, is to determine whether the defined testing program can be conducted within a
given option. This can be done on a test-by-test basis or by using a more general
criterion. For example, the testing program requires a minimum amount of developed
area in the MTL and other places to ensure that tests can be conducted without
interference. Therefore, one criterion for screening ESF options is that they have the
minimum required developed area to conduct the current test program. Options will be
evaluated on the basis of their current conceptual layout, i.e., the fact that additional
development of the MTL of a given option could be done to satisfy the minimum
requirements, will not be considered. Only what is currently defined regarding that
option will be used as an evaluation basis.

Other functional and programmatic requirements could also be considered for use as
screening criteria. The requirements from the Repository Design Requirements
(RDR) and the SDRD will be evaluated to determine their suitability for use as
screening criteria.
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TABLE 2

PARTIAL LIST OF FEDERAL AND STATE REGULATIONS REVIEWED

Nuclear Regulatory Commission

Standards for Protection Against
Radiation

Disposal of High-Level Radioactive
Wastes in Geologic Repositories

Department of Energy

General Guidelines for Recommendation
of Sites for Nuclear Waste Repositories

Occupational Safety and Health Administration,
Department of Labor

Occupational Safety and Health Standards

Mine Safety and Health Administration,
Department of Labor

Electric Motor-Driven Mine Equipment
and Accessories

Mobile Diesel-Powered Equipment for
Noncoal Mines

Mobile Diesel-Powered Transportation
Equipment for Gassy Noncoal Mines
and Tunnels -

Safety and Health Standards -
Underground Metal and Nonmetal Mines

State of Nevada
Mining Code
State of California

California Administrative Code Tunnel
Safety Order

California Administrative Code Mine
Safety Order

10 CFR 20

10 CFR 60

10 CFR 960

29 CFR 1910

30CFR 18

30 CFR 32

30 CFR 36

30 CFR §7

NRS Title 46

CTSO Title 8

CMSO Title 8
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TABLE 3

SUMMARY OF ESF TESTING FROM SCP (12/88), ESF SDRD

APPENDIX B, AND TITLE I DESIGN (YMP/88-20)

10.

11.
12.

13.

SCP Activity Title

*Geologic Mapping of
the Exploratory Shaft
and Dirifts-Con. and In.

*Mineralogy and
Petrology of Candidate
Host Rock-Con. and In.

*Seismic Tomography/
Vertical Seismic
Profiling-Con.

*Shaft Convergence-Con.

*Demonstration
Breakout Rooms-Con.

Sequential Drift
Mining

Heater Experiment in
Unit TSw1

Canister-Scale Heater
Experiment

Yucca Mountain
Heated Block

Thermal Stress
Measurements

Heated Room Experiment

Development and
Demonstration of
Required Equipment

Plate Loading Tests

SCP
Section

Reference

8.3.14.2.24

8.3.1.15.1.5.1
8.3.1.15.1.5.2

8:3.1.15.1.5.3

8.3.1.15.1.6.1

8.3.1.15.1.6.2

8.3.1.15.1.6.3

83.1.15.1.6.4

8.3.1.15.1.6.5

8.3.2.5.6

8.3.1.15.1.7.1

ESF Testing
Conducted

in the MTL
Y

No
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TABLE 3

SUMMARY OF ESF TESTING FROM SCP (12/88), ESF SDRD

APPENDIX B, AND TITLE I DESIGN (YMP/88-20)

(Continued)
SCP ESF Testing
Section Conducted
SCP Activity Title Reference in the MTL

14, Rock-Mass Strength 8.3.1.15.1.7.2 Y
Experiment

15.  Evaluation of Mining 8.3.1.15.1.8.1 Y
Methods

16. Monitoring of Ground 8.3.1.15.1.8.2 Y
Support Systems

17. Monitoring Drift 8.3.1.15.1.8.3 Y
Stability

18.  Air Quality and 83.1.15.1.84 Y
Ventilation Experiment

19.  *In-Situ Testing of 8.3.3.223 Y
Seal Components-Con.
and In.

20.  *Overcore Stress 8.3.1.15.2.1.2 Y
Experiments in the
Exploratory Shaft
Facility-Con.

21. *Matrix Hydrologic 83.1.22.3.1 Y
Properties Testing
Con. and In.

22* Intact-Fracture Test 8.3.1.2.24.1 Y
in the Exploratory
Shaft Facility-Con.
and In.

23. Percolation Tests in 83.12.242 Y
the Exploratory Shaft
Facility

24. Bulk-Permeability Test 8.3.1.2.24.3 Y
in the Exploratory
Shaft Facility
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TABLE 3

SUMMARY OF ESF TESTING FROM SCP (12/88), ESF SDRD

APPENDIX B, AND TITLE I DESIGN (YMP/88-20)

(Continued)

SCP Activity Title

25*

26*

27.

28*

29*

30.

31*

32.

33*

Radial Borehole Tests
in the Exploratory
Shaft Facility-Con.

Excavation Effects
Test in the Exploratory
Shaft Facility-Con.

Calico Hills Test in
the Exploratory Shaft
Facility

Perched-Water Test in
the Exploratory Shaft
Facility-Con. and In.

Hydrochemistry Tests
in the Exploratory

Shaft Facility-Con. and In.

Diffusion Tests in the
Exploratory Shaft
Facility

Chloride and Chlorine
-36 Measurements of
Percolation at Yucca
Mountain-Con.

Engineered Barrier
System Field Tests

Laboratory Tests

(Thermal and Mechanical)
Using Samples Obtained
from the ESF-Con. and In.

SCP
Section
Reference

8.3.1.2.2.44

8.3.1.2.24.5

8.3.1.2.2.4.6

8.3.1.2.24.7

8.3.1.2.24.8

8.3.1.2.2.5.1

8.3.1.2.2.21

834244

8.3.1.15.1.14

ESF Testing
Conducted
in the MTL

N
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TABLE 3

SUMMARY OF ESF TESTING FROM SCP (12/88), ESF SDRD
APPENDIX B, AND TITLE I DESIGN (YMP/88-20)

(Concluded)
SCP ESF Testing
Section Conducted
SCP Activity Title Reference in the MTL
34. Multipurpose-Borehole 83.1.224.9 Y
Testing Near the ESF
35. Hydrologic Properties 8.3.1.2.24.10

of Major Faults
Encountered in Main Test
Level of the Exploratory
Shaft Facility

*Con. = Construction Phase Tests (15).
Con. and In. denotes construction phase and in-situ phase test.
All others are in-situ phase.

3.3.2 Consolidation and Grouping Criteria

After screening for noncompliance, it is expected that a large number of options will
still be available for consideration. To reduce the complexity of selecting a
representative set of options for the final evaluation, a consolidation/grouping strate
has been adopted. This strategy consists of grouping alternatives into classes. Eagl)m’
class is defined by a particular range of one of the distinguishing features defined in
Section 3.1. In doing this, it is inevitable that most options will Fall into two or more
classes. No order or prioritization should be inferred by the fact that an option falls
into a greater number of classes than another option. The number and definition of the
classes required are based on the principle that the options selected for the final
evaluation must represent a sufficiently broad range of reasonable alternatives for each
major feature. Based on this principle, the following classes are defined for grouping
the options:

Each alternative will be placed in at least one or more of the above 12 classes.
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TABLE 4

- CLASSES
Class Feature Definition
1 Location Location of the accesses and ESF approximately in the
SCP-CDR configuration
2 Location ESF and at least one ESF access in a location
substantially different from that of Class 1
3 Access Means Total number of accesses less than SCP-CDR
4 Access Means ESF access by two or more shafts
5 Access Means ESF access by two or more ramps
6 Access Means ESF access by at least one shaft and one ramp
7 Construction Construction of the repository and ESF
Method substantially by drill and blast. This would include
options with machine mined ramps and mains but with
the emplacement areas developed by drill and blast.
~ 8 Construction All construction (including ESF and accesses Method
except for some testing alcoves, etc.) by mechanical
mining
9 Construction Combination of mechanical and drill and blast Method
methods, e.g., one shaft and ESF constructed by drill
and blast, with the remainder constructed by
mechanical mining (including the second ESF access)
10 Test Area ESF layout (including exploratory drifting and
Configuration designated test area) similar to the Title I or early
Title II concepts
11 Test Area ESF layout substantially different from Class
Configuration 10, Configuration, which may include size or scope of
designated test areas
12 ESF/Repository  Options that integrate repository and ESF
Interface accesses
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3.3.3 Ciriteria for Choosing Representative Options

The classes, from which the representative option set is chosen, represent option
groups with the same range of a particular feature or combination of features. One
option from each class will be selected for inclusion in the final evaluation process.
An option may be included in one or more of the defined classes depending on the
range of features the option has. However, the same option cannot be selected from
more than one class to be part of the final set. The procedure and criteria for
selecting an option from each class is as follows:

1. If any class has only one option, that option will be selected to represent the
class.

2. If more than one option is available in each class for which an option has yet
to be selected, one class at a time will be examined and an option chosen.
The option chosen will be selected on the basis of best developed and most
re;tgresentative of the range of distinguishing features for which that class was
defined.

3. After an option is selected from one class, it will be eliminated from
consideration in any other class. Thus, after several selections have been
made, some classes might be reduced to a single member, in which case rule
1 would apply.

4. If there is a class with no options, it will be recommended that an option be
developed that could be assigned to that class.

After an option has been selected from each class, an evaluation will be done to
ensure that the ranges of distinguishing features necessary to have a complete set
(Table 1) are covered by the options selected. If not, additional options will be
recommended for development and inclusion in the final evaluation set.

4.0 Implementation of the Screening Process

This section provides some additional procedural details as to how the screening
process will be conducted. Selected members of the Methodology Lead Group
(MLG) (defined in DIM-240) along with some additional personnel from project
participants will form the screening panel. The Principal Investigator for DIM-242
will be responsible for selecting the panel.

4.1 Noncompliance Screening

The first step in the options screening process will be a screening against regulatory,
programmatic, and testing requirements for which it can be easily determined
whether or not an option is in compliance. The steps necessary to conduct this
screening follow:

1. Alisting of regulatory and programmatic requirements will be provided to
the MLG by Task 3 of the ESF Alternatives Study (requirements researched
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and listed under DIM-244). The requirements on this list will be evaluated
for their potential to discriminate nonqualifgn% options on a go Or no-go
basis. Only those few requirements that satisty the go/no-go discriminatory
basis will be selected for use. A checklist for each option will be prepared
containing the requirements selected for screenin%. e screening panel will
evaluate each option against the checklist. If any requirement on the
checklist receives a "no" evaluation, it will be dropped from further
consideration. For any "no" evaluation, a short explanation or justification
will be provided.

2. The Test Manager’s Office (LANL) will provide a current list of tests and an
evaluation of the current testing program as to the minimum underground
developed area (including contingency area and area required for additional
testing, if necessary) to conduct the tests. The list of tests will show which
tests are:

a. not dependent on ESF location, configuration, or construction method;
b. dependent on ESF location;

¢. dependent on ESF configuration; or

d. dependent on ESF construction method.

Each repository/ESF option will be evaluated against the required tests, taking into
account the potential sensitivity of each test. The option will be evaluated to
determine whether sufficient test space is available. If it is determined that the
testing program cannot reasonably be conducted within the ESF otption, that option
will be dropped from consideration. Justification will be provided for the deletion of
any option.

4.2 Consolidation and Grouping

To organize the remaining options into classes, a matrix chart will be used that lists
the options by identification number down the left side with the classes identified in
Section 3.3.2 across the top. Each option will be evaluated as to the major
distinguishing features listed in Section 3.1. As a result of this evaluation, the option
will be assigned to the appropriate classes (more than one class is likely for each
option). Figure 1is an illustration of the grouping matrix.

4.3 Select Representative Options

To select the set of representative options, the algorithm defined in Section 3.3.3 will

be applied to the grouping matrix (Figure 1). The Of)tions selected as representative
1

of the range of features of interest to this study will be from the set submitted for
final, more detailed evaluation. If no option falls in a particular class, it will be
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Class
Option 1234 7 10 11 12

A X X X X

B X X XX X X
C XX X XX X
‘D X X X X X X

Figure 1. Illustration of Grouping Option by Classes

recommended that an additional option be developed that has the feature of that
class.

The options selected will be further evaluated against the desirable ranges of features
to ensure that, indeed, the options set is complete. If it is determined that some
raI?e of features is not adequately represented, then a recommendation will be made
to develop an additional option with the desirable feature.

It should be emphasized that it is not the intent of the grouping and selection process
to select the "best" options for final evaluation. The fact that an option is not selected
even though it may have fared better in the final evaluation than an option in the
same class that is selected should not affect the evaluation process used in this study.
The options selected should be thought of as representing certain sets of features and
not as complete designs. The final evaluation will result in the selection of a
preferred reprosentative option, which means a preferred set of range features.
These features will fonn the basis for the designs ogthe ESF and repository, but the
details of the design will be left to the design process.

5.0 Documentation of Results from the Screening

Each stage of the screening process will be documented to a degree that is sufficient
for an independent reviewer to understand and follow the process. A summary letter
report will be submitted to the DIM-242 file along with the supporting
documentation. Supporting documentation may include

1. copies of sketches and background information available for each option that
is subjected to screening;

2. rationale for selecting regulatory and testing requirements used for initial
screening;

3. noncompliance screening checklists for each option;

4. matrix of options sorted by classes similar to Figure 1;
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rationale for selecting representative option from each class;
check of final options set against the ranges of features;

identification and rationale for additional options that may need to be
developed to form a complete set; and

identification and brief description of the options selected to form the final
evaluation set.
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Appendix

Information from the Reference Information Base
Used in this Report

This report contains no information from the Reference Information Base.

Candldate Information
for the
Reference Information Base

This report contains no candidate information for the Reference Information Base.

Candidate Information
for the
Site & Engineering Properties Data Base

This report contzins no candidate information for the Site and Engineering Properties Data

Base.
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APPENDIX 4B

LIST OF DOCUMENTS AND RECORDS
RELEVANT TO THE SCREENING PROCESS



SUPPORTING DOCUMENTATION FOR
SAND91-0025 - RECORDS PACKAGES, SECTION 4

Records
Management
System
Number Source/
(RMS) Title Date Org. File Code
1. Transcripts of the Panel 4/2/91 S.J.Bauer  60/12611
Meetings for Initial DIM242/1.1/QA
Screening of Options
2. 016079 Design Investigation 2/19/90 S.J.Bauer  60/12611
Memo (DIM) 241, DIM241/1.0/QA
Selection of Panel Members
3. 016638 DIM 242, Preliminary 3/26/90 L.S. Costin 60/12611
Screening DIM242/1.0/QA
4. 017230 DIM 243, ESF-Repository 5/15/90 E.R.Gruer 60/12611
Options . DIM243/1.0/QA
5. 018705 DIM 244, Requirements 7/11/90 M.W. Parsons 60/12611
SAIC DIM244/1.0/QA
6. 016791 Memo to File: Results 4/10/90 L.S.Costin  60/12611

of the Initial Screening
of Options for the ESF-AS
with Attachments

DIM242/1.4/QA
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RESULTS OF THE INITIAL SCREENING
OF OPTIONS FOR THE ESF-AS

SUMMARY OF ATTACHMENTS

Attachment _ Contents
Volume I
1 Divider page--viewgraphs used in instruction of panel
verification of reading SLTR90-4001
Verification of instruction SLTR90-4001
2 Divider page--daily attendance sheets for screening
meeting
3 Divider page--regulatory and functional requirements
screening forms for ESF historical options ?19 forms)
4 Divider page--testing screening forms for ESF
historical options (7 forms) Calculation of Test Area
(DOP 3-10 forms) Table 3a (supplement to
SLTR90-4001 Table 3
5 Divider page--regulatory and functional requirement
screening forms for historical repository options
@8 forms§
6 Divider page--testing screening forms for repository
historical options (8 forms) area calculation (DOP 3-10
sheets) Fax of TMO ESF area calculation
7 Divider page--option class matrix
8 Divider page--selection of options forms
(13 forms)
9 Divider page--review of options
10 Divider page--letter report
Volume 11
11 ESF Historical Options
Volume II1
12 Historical Repository Options
Volume IV
13 Preliminary New Options

Pages

32

58

30

25

74

27

16

261

323

56
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APPENDIX 4C

REGULATORY AND TESTING SCREENING
CRITERIA AND RESULTS OF STEP 1



Page 1 of 3

ESF Alternatives Study

Initial Screening of Options
Based on Site Characterization
(Testing) Requirements

Option Identifier

Criterion 1:

Background:: . o

Table 3 of SLTR90-4001 provides a listing of the 35 tests proposed for the
ESF, based on Sections 8.3 and 8.4 of the SCP. Supplementary Table 3a
provides an assessment of which tests may be affected by changes in ESF
location, configuration or construction method from the reference (Title I)
ESF design. In performing the evaluation, only the option configuration as
presented can be considered. Do not consider what, if any, changes or
additions to the option might make it more suitable for characterization
testing.

Criterion:
Based on the information provided in the tables and the information needs
required from the testing program (as designated in the appropriate SCP
sections given in Table 3 of SLTR90-4001), can the underground
characterization program be conducted within the ESF configuration specified
by the option being evaluated?

A YES evaluation means that the underground characterization program could
be conducted within the ESF option being evaluated, even though some tests
may require modification because of differences between this option and the
Title I ESF design for which the tests were specifically designed (i.e. the
option allows sufficient testing to be conducted to address the information
needs required of the underground characterization program.)

A NO evaluation means that under no circumstances could the underground
characterization program be conducted within the ESF option being evaluated,
even considering that tests could be modified, deleted, or added to the
program to satisfy the information needs. Any option receiving a NO
evaluation will be deleted fram further consideration. A NO evaluation must
be explained in the Camments section below.

An evaluation of UNCERTAIN means that it cannot be determined whether or not
the ESF option is adequate to perform the characterization program.

Evaluation:
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Criterion 2:

Based on an evaluation of the test area requirements for the underground
characterization program as defined in Sections 8.3 and 8.4 of the SCP
(including performance confirmation tests), it has been determined that the
minimum rectangular area necessary to conduct the testing program is

approximately 977,800 ££2 (including allowances for flexibility, some
additional tests that were not provided for in the Title I ESF design, and
shop areas).
Considering allowances for additional flexibility and contingencies, the
minimm area desired is approximately 1,860,260 ££2,

Criterion:
Does the ESF/Repository option being evaluated have sufficient area
designated and available for underground testing?

A YES evaluation means that the option has more than the minimum area
desired (1,860,260 ft2).

A NO evaluation means that the option has less than 75% of the minimum

acceptable area available (.75 X 977,800 = 733,350 ft2) . A no evaluation
should be substantiated by an attached calculation sheet (DOP 3-10) and will
result in the option being eliminated fram further consideration.

An UNCERTAIN evaluation means that the option has an available test area of
more than 733,350 and less than 1,860,260 ft2.

Evaluation:
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Canments on evaluation:

Evaluators:
Name (Print)

Signature

rage 3 of 3

Date
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ESF Alternatives Study

Initial Regulatory and Functional Requirements Screening

Option Identifier

Statement of Requirement Sources Evaluation of
Document Section Compliance

Requirement 1

The design of the underground 10 CFR 60{ 60.133(d)

facility, including the shaft DAA 1.12.1.

collar area, ramp portals, and DAA 2.3.4.1

main pads should provide for SDRD 1.2.6.1 PC3c

control of water or gas SDRD 1.2.6.1.1 PClb

intrusion. The shaft collars SDRD 1.2.1.4 PC2

and ramp portals should be

located to prevent water inflow

from a probable maximum

flood (PMF).

Requirement 2

The ESF underground excavation 10 CFR 60| 60.74(a)

shall be of adequate size to 10 CFR 60| 60.133(b)

support current and future DAA 2.4.6.5

testing. The underground SDRD 1.2.6.5

excavation shall be able to Constraint O.v

accommodate site specific

conditions and be able to

drift from the MIL up to

10,000 ft to other parts of

the repository block

Requirement 3

Two means of access (egress) 30 CFR 57| 57.11050

shall be incorporated into SDRD 1.2.60

the ESF. Performance
Criterion 4c
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Statement of Reguirement Sources Evaluation of
Document Section Compliance

Requirement 4

The openings required for 10 CFR 60{ 60.133(b)

rock handling and for support SDRD 1.2.6.6.1

facilities (e.g. maintenance PC la

shops, electrical substations,
punp stations, refuge chambers,
lunch rooms, and storage
facilities) shall be located
away from in situ site
characterization testing.

Requirement 5

Long exploratory drifts extended SDRD 1.2.6.6
laterally from the ESF on the MIL Constraint
shall be constructed in locations E.iv

that will permit them to be used
to support repository operations.

Requirement 6
The ESF shall be designed with a 10 CFR 60| 60.130
minimm of 75 feet between the DAA 1.10.6.1

centerlines of adjacent ESF and
waste emplacement drifts.

Evaluation of compliance will be either YES - the option being evaluated
complies with the requirement; NO - the option being considered does not comply
with the requirement; or UNCERTAIN - it cannot be determined whether the option
complies with the requirement. A NO evaluation must be explained in the
caments section below and will result in the option being eliminated from
further consideration.
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Caments on evaluation:

Evaluators:

Name (Print)

Signature

Date

4C-6




APPENDIX 4D

SKETCHES OF
INITIAL 17 OPTIONS



1-ar

ST

1 ! . | 4 | ¢ 1 s L 3 \ . | .
WASTE RAMP
r r
EXPLORATORY
SHAFT
FACILITY /-— EMPLACEMENT EXHAUST SHAFT
TUFF
4 raMpT" LA | i
E365000
¢ DEVELOPMENT _ :

SUPPORT SHOPS

MEN AND MATERIALS
SHAFT

WASTE
EMPLACEMENT
SUPPORT SHOPS,

@

GRAPHIC SCALE

[ 2™ =™ e ===
s o sor 100
LEGEND

@ WASTE EMPLACEMENT SEQUENCE BY YEAR
—-— WASTE YEAR BOUNDARY

PANEL NUMBER

/— PERIMETER DRIFT

€560000

3 SEE DETAIL DWG.

NO. R07020

2698 _(0li/e7
() REV. FOR SCP/COR
3096 IaeelISSUED FOR SCP/COR WMA! G (RN

a o leoloar Spamon o Lo looe

SANDIA NATIONAL "LZBORATOR%

SML CONTRAGT HO, 47~7366 CHANGES REQUIRE
PRIOR APPROVAL, _OF THE PROCURNG ACENCY

otvmomn 8y
arsons Brinckerhoff Quode & Douglaa, Inc.

NUCLEAR WASTE REPOSITORY IN TUFF
ISUBSURFACE FACILITY CONCEPTUAL DESICN]
UNDERGROUND: FACILITY LAYOUT
COMMINGLED WASTE
VERTICAL EMPLACEMEN.
¥ pz P va [N ws

"N
I I 8766 unC_ | 14213

) T

7 1 &

Option 1 (Base Case)

B3 Ll S L L Y [CaY.
v-soo{ $5/MN632 RO7002 l
[ F] T 1




«ary

+ ESF ‘:UFFB&E'Z. /—'HUCK PILE ) BSF SUSFACE .| - "

‘E-us, '

- B ey St

; SRS

T IRTT

s

R

o ES-] —3
- (BSF AESSY)

Py

. @0
// .
[rEmats = N
MEN / HATERLALS - X \
. LINTERSECT _ . " \
T R PrLsRTENT SR .
-l : g ~—PAHEL ACCESS A
v T RS GHOST. T
/ / AN FALILT \ S
/ ( ~—— — 7
/ \ s .
/ \\ ~—~ —
e e .
- . _
| e e
OUTLINE OF REPOSITORY =1 ——— — e e e
- PRIMARY AREA BOUNDARY
i L OUTLINE OF REPOSITORY . -
PERIMETER BOUNDARY “HJEQR MA] ,UN CUIW
Ei& EGEND: EST ALTERNATIVES STUDY -
:SFEND;':XF ORATO et TASK NO.a
- EXPLORATORY SHA - INDIGATES DRILL AND BLAST s
FACILITY @ e DILL PRELIMINARY NEW OPTIONS
b A TEeT Ve @ - nocares wecnanicaLLy A1 MTL N., SHAET/TUFF RAMP
- 3 - ME
TBM - TUNNEL BORING MACHINE < EXCAVATED MTL. onre MAR. O 91000
MECH . MECHANICAL MINING e —

Option 2 (A1)

— — —




£arv

PRIMARY AREA BOUNDARY

—

. N ———
\.
OQUTLINE OF REPOSITORY

A
"""“/'/E‘-"/'n

i

Muck pile - ‘ ESF - SURFACE Z

H//ﬂ/,/

g5

I

p—

A

OUTLINE OF REPOSITORY
PERIMETER BOUNDARY

END:
ESF - EXPLORATORY SHAFT

FACILITY
MTE - MAIN TEST LEVEL
D&B . DRILL AND BLAST
TBM - TUNNEL BORING MACHINE
MECH « MECHANICAL MINING

“INFORMATION COPY”

/ "

i ‘——

————————

’ ESF ALTERNATIVES STUDY o

TASK NO.a
PRELIMINARY NEW OPTIONS
A2 MTL N., SHAFT/SHAFT
o AR U 4 20

[7] - INDICATES DRILL AND BLAST
4" EXCAVATED MTL.

@ - INDICATES MECHANICALLY
EXCAVATED MTL.

Option 3 (A2)




y-ary

U =
N .'-'* W
N bl

e

o TUFE RAME

o (EﬁFMCE’.‘E-*ﬁ_)_..
L MEN/HATER,
:::HA/Fr =R

/.

\E: < . Lo -‘_/)!»\;v’

%}g// /g, a2

T

]
-

P = =
s \ W N \ e /'l‘l‘ -

IMTERSELL T Lt_r —
/,_/
~

.

y” ’ \

Pa—— x -
S——— \\_

T ————
QUTLINE OF REPOSITORY

. PRIMARY AREA BOUNDARY =

&2

—_—

o - :
HolE WW e .
. INTERSET GHOST =

PANCE FAULT

QUTLINE OF REFOSITORY
PERIMETER BOUNGARY

=T kg % \\

(B3 ALLEDSS42Y"

EHPLACEMENT BRIFTS
“FANEL Access

e e—

LecEnD: T
ESF - EXPLORATORY SHAFT . INDICATES DRILL AND BLAST
FACILITY EXCAVATED MTL.

MTL « MAIN TEST LEVEL

D&B - DRILL AND BLAST

TBM - TUNNEL BORING MACHINE
MECH - MECHANICAL MINING

% ~ INDICATES MECHANICALLY
EXCAVATED MTL.

ESF ALTERNATIVES STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

DA\'E_hi_’LT'(i_U o

!
1
i
!
?
A4 MTL N, SHAFT/SHAFT/TUFF RAMP ]

Option 4 (A4)

—

- T 1



(sv) suondo

ONININ TVOINVHOIW - HOIW
“1LW G3LVAVOX3 SNIHOVIN ON(BOG 13NNNL - WEL
JWVH J4NL/LIVHS “S TLWN SV ATTYOINVHOIW S3LVOIQN - @ 1SY78 ONV Tliug - mu_m
73AFT LSIL NIVW *
SNOILJO M3N ADYNIWINIHd 1N GILYAYOX3 31 1531 NIvW
Y'ON WSVL 1Y ONV TWHG SILVIIONI » @ L4YHS AYOLYHOTIXT + 483
AGNLS SIALYNYILIY 483

— © NEoE Mm/l\‘

AUVONNQO YILIWIE3d
o AJQO ORI

~ AHOLISOJ3Y 40 INMLNO AYVONNOE VIHY AUYWIY

= AHOLISO4AY 4O INITLNO
T omr—— o ILF

~——— .

7

11l ZoNva

\
: 1sOHD 1o3BalEINL L \
/ \\

, In_.,mwws(mﬂu
o= e &3

ned H ;mni

Lrd \ A 1z SR IN

g lvol¥au od [dixa

LdvHs ,w,
LesnVHXa meuuﬁmxm.\ /.

el leva N

]
2 e
.:m...a:. T ..”W...r.... "
e AR

ln
. —— .,

———.

e Nﬂm\iuv_..m 457
&%l Eied POk

- | BTG -dsa.

4D-5



9-ay

/"E>F’>Uﬁf""-5.‘ /— ek PILe

—— E5F - SURFACE "2
%‘L‘MM—'/\\\

TRl =~ i
RV fiT ==

—

\ e
OUTLINE OF REPOSITORY -

PRIMARY AREA BOUNDARY OUTLINE OF REPOSITORY

PERIMETER BOUNDARY

E -
(BSF RELESS 42)

mxbﬁTl-ziqk

FAOLT

PRNEL AccEse,
AN

. . ~El F'L-ALE =
T s e v’ém TEnT N
/ / \ \ T l j ) T
e —_— \ -\,‘,\:\S/ i
J

TTINFORRATGN 65—

LEGEND; , ESF ALTERNATIVES STUDY
ESF . EXPLORATORY SHAFT @ - INDICATES DRILL AND BLAST TASK NO.4
FACILITY E£XCAVATED MTL, -

MTL - MAIN TEST LEVEL PRELIMINARY NEW OPTIONS
D&8 - DRILL AND BLAST INDICATES MECHANICALLY
TBM - TUNNEL BORING MACHINE %‘9 EXCAVATED MTL. A7 MTL N., TUFF RAMP/WASTE RAMP
MECH - MECHANICAL MINING -
DA

Option 6 (A7)

- 9‘



L-av

- ___,_________,__/—"—‘N-—‘a\\—

OUTLINE OF REPOSITORY ~-
PRIMARY AREA BOUNDARY

S

e

T SURFACE 1y

M——ESF 3URFACE 72
= MUK, PILE
I T~

T T et
. e - .5—1"/‘// ...... "
— S ‘-“’; -
N e
N oo e T g g

/YA, 7

£ -1~
(ESF ACCESS 1) ]

P NTZRIICT DRILL HOLE
WASH FAULT -

WEM [ MATERIALS
SHAFT

TUFF RAMP -~

EMPLACEMENT

EXMALST SHAFT ///
. // INTERSECT  GHOST

/‘ DANCE FAULT

/ ’
- // o~
( / /,a ’v

OUTLINE OF AEPOSITORY--~
22““‘\ PERIMETER BOUNDARY

)
. s

A

4

——\WASTE RAMP
(ESF heCESS *2)

DRIFT TO MBRICATE

/j}"“‘“\»EMPLACF_MENT

et —— e

TN

N

DRIFTS

\\

LEGEND:

ESF

MTL
bas
TBM
MECH -

- EXPLORATORY SHAF1T

- MAIN TEST LEVEL
< ORILL. AND BLAST
+ TUNNEL BORING MACHINE

S STUDY
TASK NO.4
PRELIMINARY NEW OPTIONS

B3 MTL N, SHAFT/WASTE RAMP

DAY!M, ooy

[/‘\' INDICATES DRILL AND BLAST(—- -~
EXCAVATED MTL

FACILITY

U - INDICATES MECHANICALLY
EXCAVATED MTL.
MECHANICAL MINING

Option 7-11 (B3, Rev 2-6)




8ay

U ESF SURFACE T2 e - !
MUCK  FILE o o - e ]

ESF SURFACE "t

PR

X

SUEARK TR I

YR 5S
R, e

\
\

AN
AR

S
| I -
o W S

EMPLACEMENT
EAHAUST SHART

WASTE —-—-————-—7
RAMP e

DRIFT TO IMBRICATE

ae=s VURE
RANMP

fier reemas 5
{REF ALlERs 2

srEs A —— _F 722N S
// / \\ (ESF ACCESS ™)
//~ //////,”//g/;.—-—‘—-EMPLAC EMENT \ M;,:'A';A-?TER'AL RN
. ) ‘ DRIFT \ ..
/// gﬁ:&se& GHOST - //
Al uLT

i
\.\l

~

OUTLINE OF REPOSITORY —
PRIMARY AREA BOUNDARY

QUTLINE OF REPOSITORY - LR TRAVAYEY ST P

PERIMETER BOUNDARY

INFORMATION Copy~

LEGEND;
ESF - EXPLORATORY SHAFT [7] - INDICATES DRILL AND BLAST - -rm e v oo
FACILITY EXCAVATED MTL. ESF ALTERNATIVES STUDY

MTL - MAIN TEST LEVEL

048 - DRILL AND BLAST

TBM + TUNNEL BORING MACHINE
MECH - MECHANICAL MINING

TASK NO.4
PRELIMINARY NEW OPTIONS

B4 MTL 8., SHAFT/TUFF RAMP
MAK 1 © 10arn

oare '

- INDIGATES MECHANICALLY
EXCAVATED MTL.

Option 12 (B4)

-

—

=Y



6-adv

ESF  SURFACE ' ———=

ESF  SURFACE "2 —\ MUCK PILE  — —
AN M//\\_ e

— e

e D>
SIS >
N\

NN e Sy SN

T NG, o
_ \\ \\Q" . ‘ ) ) > e

7

)

EMPLACEMENT
WASTE RAMP EXHAUST  SHAFT
(ESF ACCESS™2)

DRIFT TO IMBRICATE g
FAULT !

43 W o - St —— » i
INTERSECT DRI / ' /- ‘/D\\\ ;
HOLE WASH PADLT e = ys {// S -
g ! // g \\ . rer T (gsFN:c'g:ss,':)
//’/ . I ///—«EMPLACEMENT \Q{:{l ERIAL S |
e ‘ vl X |
Pl TS/

/
|

T T e . o . /
T ———— ——— ”\\&-—-\.‘q:.::’—i:—:“r"*_ S :_’____’_h__:/ ) B 11
gg:'}:;svo:nzis’:g&%iv“ NIN;'URMA”UN UDpY ‘

OUTLINE OF REPOSITORY~~
’ PERIMETER BOUNDARY

v

i
J
|
|
. e
LEGEND;
=EOEND: 7 ESF ALTERNATIVES STUDY
ESF - EXPLORATORY SHAFT - INDICATES DRILL AND BLAST TASK NO.&
FACILITY 21" EXCAVATED MTL. . -
MTL - MAIN TEST LEVEL PRELIMINARY NEW OPTIONS
D&E - DAILL AND BLAST - INDICATES MECHANICALLY
TBM - TUNNEL BORING MACHINE % EXCAVATED MTL. B7 MTL S., TUFF RAMP/WASTE RAMP
MECH « MECHANICAL MINING woe

Option 13 (B7)




o1-arv

. ESF SURFACE "2 N
ESF SURFALE T{

e

MuCw PILE - oo

\

INTER SECT DRI
HOLE WaSH FAULN

OUTLINE OF REPOSITORY
PERIMETER BOUNDARY !

OUTLINE OF REPOSITORY .-

PRIMARY AREA BOUNDARY

ESF

MTL
[+1]:}
TBM
MECH .

EMPLACEMENT
EXHAUST SHAFT

DRIFT 1O IMBRICATE
TAULT

/ II |

LEGEND;

- EXPLORATORY SHAFT
CILY

« MAIN TEST LEVEL

< DAILL AND BLAST
+ TUNNEL BORING MACHINE

- INDICATES DRILL

MECHANICAL MINING

EXCAVATED MTL.

- INDICATES MECHANICALLY
EXCAVATED MTL.

MEAX/MAH/\’/ALS———-»-———QJ[F WATION ropy”

1
fﬁ

l

AND BLAST o T
ESF ALTERNATIVES STUDY
TASK NO.a
PRELIMINARY NEW OPTIONS

B8 MTL S, SHAFT/TUFF RAMP

Option 14 (BS)

=

_—e - e eeend

—




11-avy

55 LC:—;? == Mucik ALE - ~Eef SURFACE 4|...—
1 A AT, ¥ 7SS i e ar ] XN B 5
- :;Qm;g:?gb =0 [ // Mﬂ!%ggg;@g?%ﬁéﬁi‘“”
; R By - B A gl :h'r 3 &
N

St ) " ) £ 4
& E|
: s - dErpls . :
a»g\[ — FH HrsL;ﬁzlags_sur . SHAFT
e h )
P4 PR, o vemicE

L0 / | i i mnm— e arenardoaliyy
P e freTERIALS SHAFT - \ / P = ML <UPPER 12 L\\--\
S A g\ S NN

- p——

OUTLINE OF REPOSITORY

- _'MT-—/ - p—aap——
R - i 3 i Jate)vAl
[ —— “DRIFT TO CHOST DANCE FALLT INFORMATION COPY
PERIMETER BOUNDARY

LEGEND: ESF ALTERNATIVES STUDY
ESF - Exnormonv SHAFT % - INDICATES DRILL AND BLAST TASK NO.4

ACH! EXCAVATED MTL. PRELIMI
MTL - MAIN TEST LEVEL RELIMINARY NEW OPTIONS
DAB - DRILL AND BLAST + INDICATES MECHANICALLY C1 MTL N., SHAFT/TUFF RAMP
TBM - TUNNEL BORING MACHINE EXCAVATED MTL. .
MECH - MECHANICAL MINING [ S

Option 15 (C1)




cl-ay

ESF - SURPACE ¥| = MUCK BILE  —-- >

ESF -BURFALE ®2 -
.. //q“

=
; "

= /@,n'l | ",, 'q: ._/' 7 . -
Qﬂ?/ ’”7‘7""’577?.’.’!}?}{‘ Ty 7 .’ /my
S t%—ﬁ’w A

, I
L

4

L

MM

L TES -l ———)
(ESF ACCESS I

- DRIFT TO DRILL =
. THRLE WaEH FALLT

T DANCE Pl v

Lma‘xcr CHoST

QUTLINE OF HEPOSITORY

PRIMARY AREA BOUNDARY - iyl LA
) OUTLINE OF REPOSITORY "IMURMA‘MN i,-?ljf"\/

PERIMETER BOUNDARY

LEGEND: ESF ALTERNATIVES STUDY
€SF - EXPLORATORY SHAFT D - INDICATES DRILL ARD BLAST TASK NO.4

FACILITY EXCAVATED MTL, PRELIMINARY NEW
MTL - MAIN TEST LEVEL B OPTIONS
08B . DRILL AND BLAST £2) - INOICATES MECHANICALLY Ca MTL §., SHAFT/TUFF RAMP
10 - TUNNEL BORING MACHINE =" EXCAVATED MTL

MECH - MECHANICAL MINING

Option 16 (C4)




er-ay

———WASTE RAMP

E S FACILITIES

EMPLACEMENT PANELS

PERIMETER °

“
Ce,
/ 476),’\
— — ——

Ry VAN

ALTERNATE 3
EAST-WEST ROOMS
FULL REPOSITORY WIDTH
TBM

EMPLACEMENT ACCESS FROM
NORTH END

MINING ACCESS FROM SOUTH END

© EMPLACEMENT ADVANCING

MINING RETREATING

\\-

MINING DEVELOPMENT ACCESS

—

Option 17 (R11, page 1 of 2)

VENTILATION




SHAFT KEATER BYPASS
wwTER o —— N

T \224,700 ofm
TOTAL DESICH INTAKE (AVE)

| —224,700 ctm

—=  ARTLOW ORECTION
FOc ~ FIRE DOOR (CLOSED POSITON
FOr  FRE OOOR RECULATOR)
FBo  FRE ODOR (OPEN POSITION
Oc  D00A (CLOSED POSIION
A RECULATOA W/ ACCESS DOOR W CLOSED POSITON
AFB  AUXLIARY FAN CN BUCKKTAD
WTH ACCESS DOOR ™ CLOSED POSITON
AFYD  AUXUSART FAR ON VENT O0CT
cfm  CUBIC FEET PER MRUTE

- AQDITIONAL AUMILIARY FAN an0 DUCT
NEEDED TO MAKTAN > €0 FPY

. 70 8 DETERMDED LATER. w
Option 17 (R11, page 2 of 2) /;\

4D-14



APPENDIX 5A

LIST OF DOCUMENTS AND RECORDS RELEVANT TO THE
DEVELOPMENT OF THE 34 ESF-REPOSITORY OPTIONS



SUPPORTING DOCUMENTATION FOR
SAND91-0025 - REFERENCES AND RECORDS

PACKAGES, SECTION 5
Records
Management
System
Number Source/
(RMS) Title Date Org. File Code
1. *017230 DIM-243 Rev. A 5/15/90 ER.Gruer 60/12611
DIM243/1.0/QA
2. *022646 Summary of the Aug. §, 8/15/90 L.S.Costin  60/12611
1990 Meeting of the DIM252/1.2/QA
Management Panel for the
Exploratory Shaft Facility
(ESF) Alternatives Study
3. *018829 Interface Control Input 6/30/90 J.H. Nelson/ 65/12611/
from Calico Hills Risk/ SAIC, ITM010/1.1/QA
Benefit Analysis (CHRBA) A.L. Stevens
~ to the Exploratory Shaft
Facility (ESF) Alterna-

tives Study

LIST OF DATA PACKAGES DEVELOPED FOR THE ESF-AS

4. *016190

5. *016999

6. *017115

7. *017319

ESF Alternatives Study 3/9/90 E.R. Gruer
Task 4 Deliverable for

Options Screening,

DIM-243 Items I & 11

ESF Alternatives Study 5/2/90 E.R. Gruer
Task 4 Deliverable for

Options Screening,
DIM-243 Item III

ESF Alternatives Study 5/9/90 E.R. Gruer
Task 4 Deliverable for

Options Scoring,

DIM-243 Item III Part 2

Exploratory Shaft Facility 5/14/90 R.E. Finley
Alternatives Study Testing

Input Package Test 4

Deliverable

60/12611
DIM243/1.4/QA

60/12611
DIM243/1.4/QA

60/12611
DIM243/1.4/QA

60/12611
DIM?243/1.3/QA
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SUPPORTING DOCUMENTATION FOR
SAND91-0025 - REFERENCES AND RECORDS
PACKAGES, SECTION 5 (cont.)

Management

Source/
Title Date Org. File Code

Transmittal of Revised 7/20/90 A.Kalia/ 60/12611
Section (Calico Hills) LANL, DIM243/1.4/QA
Exploratory Shaft Facility R.E. Finley
Alternatives Study Testing
Input Package, Task 4
Deliverable
ESF-AS Task 4 Revised 3/12/91 ER.Gruer 60/12611
Deliverable Three DIM243/1.4/NQ
(Final Data Package)

GUIDANCE FOR DEVELOPMENT OF
SUPPORTING INFORMATION FOR OPTIONS

The guidance for developing the ESF-AS options can be found in the following record:
12/7/90 A.L. Stevens

Call for Review of the
ESF-AS Task-4 Revised
Deliverable 111

1

60/12611
DIM243/1.3/QA
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APPENDIX 5B

INFORMATION SUPPORTING COST AND SCHEDULE



. Description of cost and schedule information for ESF including cost and
schedule assumptions.

. Description of cost and schedule information for repository including cost and
schedule assumptions.

. Description of ESF-repository cash flow projections development.
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January 25, 1991

Cost and Schedule Input to Sandia Alternative Studies Final Report.

ESF Cost and Schedule

The cost estimating and scheduling efforts of this report are of a caliber catégorized by
DOE as a "Planning Estimate." Further details about this type of estimate and its
approved range of contingency allowances are provided by DOE in the "Cost Guide"
DOE/MA-0063, Vol. 6 titled "Cost Estimating Methods and Techniques."

Cost

In general there was a concerted effort to apply cost data consistently from option to
option, i.e., the cost of a ramp portal is the same for all ramps. Uncertainty adjustments
have been made via the application of the "contingency allowance" as prescribed by
DOE guidelines. Calculations were carried out with personal computers using custom
spread sheets and Microsoft Excel.

Assumptions

Principal assumptions germane to all ESF options evaluated presume REECo to be the
prime constructor and operator, equipment and material procurement will be done by
REECo, REECo ESF cost adders are applicable, Nevada Test Site (NTS) union labor
rates apply and constant dollars were adequate.

Development of Data

Costs were developed from the "bottoms up"” on a lump sum or unit cost per foot basis
for typical generic situations and reflected labor, materials and equipment components.
Current pricing was used for all major equipment items, i.e., TBM’s, roadheaders,
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mobile miners, etc. This cost data was then applied to specific options with each option
having about twenty (20) line item cost calculations, which include a contingency factor,
to arrive at option specific "Total ESF Project Cost." Cash flow projections were then
prepared based upon the option specific construction schedule time elements.

Testing costs for entries and the TS level were already calculated for the 1992 Work
Authorization Schedule (WAS) based upon Appendix C of the SDRD and represent
drilling cost for 35 tests. These costs were applied to all options as appropriate.

Operation and Support costs were extracted from 1992 WAS/ESF five (5) year
projections as developed for the WAS Base Case. Further projections were then made
to the year 2005, the end of the construction schedule. Adjustments were made to all
other options by adding or subtracting peak operations and support costs, of about
$34,000,000 per year, as the specific schedules varied from the Base Case.

Cashflow Projections

Expenditure projections were prepared by distributing the gross estimated cost in
proportion to their corresponding activities as represented on a specific options
construction bar chart schedule. The cost of major capital purchases such as
transformers, TBM’s, mobile miners and roadheaders were adjusted forward to the
start of a given activity to allow for early commitment.

Schedule

A collective effort was made to apply productivity rates consistently from option to
option, i.e., a tunnel bored ramp advances at 55 feet per day, a roadheader excavated
drift at 24 feet per day etc. Contingency adjustments were not applied to construction
activities. Scheduling was conducted on personal computers using Primavera Systems
"Finest Hour" Project Management and Control Software.
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Assumptions

Principal assumptions relevant to all ESF options evaluated presume REECo to be the
prime constructor and operator and all raise boring will be subcontracted to a
independent company. Surface construction is scheduled on a five (5) day week and all
underground work is scheduled based on a seven (7) day week. All schedules
commence "Design” March 1, 1991.

Development of Data

Schedules were developed from the "bottoms up" based upon engineering sketches and
quantities; testing durations were supplied by LANL. Excavation and performance
rates are based on engineering calculations, manufacturer’s quotes or published articles
and have been reviewed and accepted by the "Expert Panel on Cost & Schedule." A
typical schedule contains 20 to 30 topics from "Design” thru "NRC Review," represents
construction logic required by the specific mining equipment used and includes
construction of both the Topopah Spring level and the Calico Hills level.
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TASK 4
ESF ALTERNATIVE STUDIES

General statement of conditions:

This cost schedule effort is categorized as a "planning" document as defined by
DOE/MA-0063 Vol. 6 Cost Guide May 1982. The applicable contingency for this
category in general construction projects is 25% to 35%. In addition, 10% to 25%
would be added for a technology development contingency associated with a pilot plant
supported concept which most closely parallels this project. The total contingency
could then be stated as 35% to 60%. This contingency if applied, is of sufficient size to
obviate any of the apparent inconsistencies which might be observed in certain
calculated values.

PART I - CONSTRUCTION SCHEDULING ASSUMPTIONS

1. Schedules assume a "Fast Track," phased design approach will be used.

2. Schedules for all options are "Success Oriented."

3. Schedules are based on the assumption that procurement will not constrain
construction activities.

4. Underground development is allowed to proceed with a single access, prior to
completion of a required second access.

5. Ventilation and muck removal constraints were considered in scheduling
underground development.

6. Construction to be performed by REECo, except for raise boring which is
subcontracted.

7. Construction management to be performed by REECo.
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8. WORKWEEK:
o Design & surface construction - 5 days/week
e All work below ground-7 days/week

e Holidays = 10 days/year plus an adjustment for Christmas and New Years.

9. FIXED DATES/DURATIONS - ALL OPTIONS:

o  Start of Design -03/91
o  Start of Site Preparation -06/92
o  Start of First Access/Early Testing -06/93
e  MTL Testing Period - 5 years
e NRC Review Period - 3 years

¢ REPOSITORY LIFE CYCLE:
e Construction Phase

1. Design: LAD = 30 months
FPCD = 42 months
2. Physical Construction = §years
o Emplacement = 25 years
o Caretaking = 25 years

o Retrieval
= 9 years for Design and Construction plus
35 years for Retrieval
s Closure and Decommissioning without Retrieval
= Varies from 131 to 238 months
o Closure and Decommissioning with Retrieval
= 7-1/2 years

10. DESIGN:

o« ESF DESIGN

- Duration for Single Site = 480 days
(Based on WAS)
- Duration for Multiple Sites = 518 days
~e CHLEVEL DESIGN
- Duration = 155 days
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11. SITE PREPARATION:

e Activity includes site preparation, buildings, utilities and roads
e  Duration for single site = 249 days
o  Duration for multiple sites:
= 249 days each (Except Group "B" Options)
= 281 days each (All Group "B" Options)
»  Start of construction for multiple sites was staggered by 6 weeks.

12. ACCESS CONSTRUCTION:

o« SHAFT:
- Constructed to final depth prior to start of exploratory drifting
- Construction duration includes time allowances® for the following non-
current activities:

o  Surface Plant/Hoist Set-Up = 39 days

o  Collar Construction = 80 days

o  Shaft Excavation - Based on Advance Rate in Item 13
o  Shaft Internals - =70 days

o  Shaft Utilities = 100 days

o Testing Activities (See Item 14)

*Note: Time allowances may vary slightly from Option to Option.

e RAMP:

- Conveyor and utilities installed concurrently with TBM excavation.
- Construction duration includes time allowances for the following activities:

»  Surface Plant/Portal = 118 days
Construction
o Testing Activities (See Item 14)

o Ramp Excavation - Based on Advance Rate in Item 13
13. EXCAVATION ADVANCE RATES:

o  SHAFTS (Includes Lining except for Blind Drill)
- D&B (Drill and blast): 12’ DIA = 8.2 FT/DAY
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16’ DIA = 84 FT/DAY L}

- SBM: 16’ DIA = 40 FT/DAY
- V-MOLE: 16’ DIA = 21 FT/DAY
- RAISE BORE: 16’ DIA = 14 FT/DAY
- BLIND DRILL: 16’ DIA = 16 FT/DAY
o RAMPS (Not lined, but includes wire mesh and bolts plus invert)
- TBM: = 55 FT/DAY
- ROADHEADER: = 24 FT/DAY
e DRIFTS
- D&B: 9 DAY /HEADING (Finished)
- TBM: 55 DAY/HEADING (Finished)
- ROADHEADER (CH): 24’ DAY /HEADING (Finished)
- MOBILE MINER: 14 DAY/HEADING (Finished)
14. TESTING:

Access testing durations vary slightly (few days) option to option.
e ACCESS-SCENARIO 1 OPTIONS
- SHAFT, Full Test Program: b
e 512 days from surface to MTL
e 409 days from surface to MTL (SBM & V-Mole)
e  184-189 days from MTL to Calico Hills
- SHAFT, Minimal Test Program:
e 32 days (mapping) surface to Calico Hills
- RAMP, Full Test Program:
e 497 days from surface to MTL. Documented guidance from TMO
provided for 400 days in full tested ramp. Based on discussions
between RSN and TMO, due to uncertainties associated with testing
in TBM accesses, it was decided to use 497 days for testing in ramps
for the purposes of these schedules only. (This difference includes
construction support for vertical seismic profiling and long radial
borehole tests - 97 days)
e 172 days + 1 day per week of construction from MTL to Calico Hills
- RAMP, Minimal Test Program:
e Not applicable in Scenario 1 L}
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ACCESS-SCENARIO 2 OPTIONS
SHAFT, Critical Test Program:

200 days surface to MTL
81-88 days MTL to Calico Hills

SHAFT, Minimal Test Program:

32 days surface to Calico Hills (mapping)

RAMP, Critical Test Program:

168 days + 1 day per week of construction to MTL
69 days + 1 day per week of construction MTL to Calico Hills

RAMP, Minimal Testing Program:

1 day per week of construction from surface to MTL
1 day per week of ramp construction MTL to CH

EXPLORATORY DRIFTING (CH&TS):

Advance rates are not impacted by testing.

MTL AND DEFERRED ACCESS TESTING

S years except C Options

C Options = 5 years per MTL Level (Mainly concurrent)
Notes:

a)

Five years test period begins a minimum of 2 months after start of
MTL test drilling.

b) MTL test drilling begins a minimum of 6 months after start of MTL
excavation.
¢) Beginning of 5 year test period does not occur without 2 methods of
egress available.
CALICO HILLS (TESTING):

The duration of the testing was assumed to be not more than 5 years and
never exceed the end of the S year MTL test period. Assumed uniform 120
day lag from start of CH exploratory drifting to start of CH testing.

Definition of Early Testing is found in Table 1 of Stevens’ guidelines,
September 19, 1990. )

Definition of Early Drifting is that excavation needed to meet the
requirements of early testing for the level which is not the primary target level.

Reaching a target fault - No delay reflected in schedule.
Crossing faults - No delay reflected in schedule.
Perched Water Testing - No delay reflected in schedule.
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PART 11 - BASIS FOR ESF COST ESTIMATES

METHODOLOGY:

1. Generic cases were developed which included estimated values for key

components such as labor, equipment and consumables.

2. Generic cases were then factored and applied to specific options and engineers’
data.

3. Specific activity costs estimated were as follows:

a. Engineering Cost: Based on WAS *92 data as a lump sum.

b. Site Cost: Estimated for one and two sites by RSN as a lump sum.

c. Shaft Cost: Six generic cases were estimated and applied to specific options
on a per foot basis.

d. Ramp Portal and TBM: Estimated on a lump sum basis.

e. Ramp Cost: Estimated and applied to specific options on a per foot basis.

f.  Testing Cost: Based on ’92 WAS information and applied on a specific lump
sum basis to 12’ shafts, 16’ shafts, ramps and the MTL.

g. MTL Cost: Estimated for D&B and mobile miner (MM) excavation, then
applied to specific options on a per foot basis.

h. Exploration Cost: Calculated for TBM, MM and roadheader, then applied to
specific options on a per foot basis.

i.  Construction Support: Taken from SAIC WAS ’92 data through FY ’96; from
FY ’97 on estimates were made based on WAS figures.

j.  REECo Operations: The same as above.

k. Incremental Operation and Support Cost: Provided for at the rate of
$34,800,000 per year. See the "Cost Estimating Flow Chart" attached.

ASSUMPTIONS:

1. REECo will be the primary constructor.
Equipment and material procurement, by REECo. (Adders included freight and
handling, S.T., G&A).

3. Labor Rates: NTS union rates with REECo cost adders.
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4, Work Shifts: As per schedule data.

S. Holidays: As per schedule data.

6. Subcontracted work: Raise bore only. Note: No TBM subcontracted.

7. Contingency: QA = 15%, construction uncertainties = 15%-45% based on
professional judgment of equipment applications, ground conditions and known
Omissions.

8. Success Oriented Project: No labor problems

No material supply problems
No scope changes.

9. Design Costs: All - Above.

10. Operating Contractor will be REECo.

11. Operating Costs: Include energy, water supply, site maintenance and operation.
See above.

12. Schedule - Duration of Activities: In general based on engineered quantities
divided by performance rate. See attached "Schedule Data."

13. Constant dollars.

14. Raise boring work will be subcontracted.

15. It is presumed the blind shaft drill can be "loaned" from the NTS weapons
program.

MISCELLANEOUS ITEMS:

1. Costs have been assembled by WBS accounts as per the attached "WBS Cross
Reference."

ITEMS NOT INCLUDED:

1. Testers: (PIs) LANL, SNL, USES, etc.

2.  DOE adders.

3. Escalation.
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TASK #4 ALTERNATIVE STUDIES
COST ESTIMATING FLOW CHART

ESF
OPTION GROSS COST
INCLUDES CONTINGENCY
CURRENT $, NO ESCALATION

SITE
cost “ CO..ST OPERATIONS COST TECHNICAL
TO "TS" LEVEL TO “CH" LEVEL OPERATION AND SUPPORT GOST
MAINTENANCE
OF THE SITE
SEE PAGE 2 SEE PAGE 3 REECO EFFORT SEE PAGE 6

PAGE 1
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COST TO TS LEVEL
CONSTRUCTION & TESTING

COST TO "TS"
EXPENDITURE TO REACH THE MTL

— DESIGN
A/E COST TO DESIGN
ESF AND TEST FACILITY

— SITE
BUILDINGS, POWER, WATER, AND
ROADS, ETC.

— ACCESS
SHAFT/RAMP COLLAR, DR.
ADVANTAGES, UTILITIES, ETC.

—— MTL ATTS
DRIFT/FACILITY EXCAVATION AND
UTILITIES, SEE PAGE 4

— TS EXPLORATION
ALL EXCAVATION TO FAULTS WITH
UTILITIES

—— ACCESS TESTING
RBT, EET, SCT, MAPPING,
SAMPLING, ETC.

L MTL TESTING
SEQ.DR., DBR, ENGINEERED
BARRIER, INTACT. FRACTURE, ETC.

PAGE 2
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COST TO CH LEVEL
CONSTRUCTION & TESTING

COST TO "CH"
EXPENDITURE TO REACH THE
CALICO HILLS

— DESIGN
A/E COST TO DESIGN
CH AND TEST FACILITY

— ACCESS
SHAFT/RAMP COLLAR, DR.
ADVANTAGES, UTILITIES, ETC.

— CH EXPLORATION
ALL EXCAVATION TO FAULTS WITH
UTILITIES

—— ACCESS TESTING
RBT, EET, SCT, MAPPING,
SAMPLING, ETC.

— CH TESTING
SAMPLING, INTACT. FRACTURE,
DIFFUSION, ETC.

PAGE 3
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MTL AT TS
COSTING METHODOLOGY

GROSS COST
ESTIMATED COST TIMES
CONTINGENCY FACTOR

ESTIMATE
ENGINEERED QUANTITY TIMES
UNIT COST

UNIT COST
SPECIFIC TO METHOD
SEE PAGE 5

LABOR

MATERIAL

EQUIPMENT

PAGE 4
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91-d8

UNIT COST
TYPICAL EXAMPLE

MTL
UNIT COST
MINING METHODS ARE
D & B AND MOBILE MINER

LABOR

$/HOUR X TIME X ADDERS
$/HOUR = NTS UNION WAGES

— $/HOUR
RANGE FROM $19.00 TO
$29.00/HOUR

—TIME
ENG. QUANTITY/RATE + ALLOW
9, 55, 14, 24 FFT/DAY

— ADDERS
GEN. AND ADMIN. AT 13%
LABOR LOAD AT 65%

MATERIAL

UNIT $ X QUANTITY X ADDERS
EQUIPMENT, CONCRETE, ETC.

— UNIT COST
$/FT. OR CAPITAL EQUIPMENT
COST BASED ON QUOTES

— QUANTITY
BASED ON DRAWINGS,
SKETCHES OR EXPERIENCE

— ADDERS

GEN. AND ADMIN. AT 13%, ST.
AND FT. AT 11%, AND
HANDLING AT 11%

PAGE 5

EQUIPMENT

RENTAL RATE X TIME X ADDER

. RENTAL RATE
BASED ON RENTAL RATE
BOOK OR REECO ACCT. BOCOK

_TIME
QUANTITY/RATE OF WORK
MEANS PUBLISHED DATA

— ADDER
GEN. AND ADMIN. AT 13%




TECHNICAL SUPPORT

LABS & A/E’s

SUPPORT COST

WBS 1.2.6.1

CORPORATE BUDGETS

PRE '97 COST

CORPORATE BUDGETS

'97 AND LATER COST

SOURCE

‘92 WAS

ESTIMATED

BASED ON '92 WAS

COMPANIES

LANL, REECO, RSN, T&MSS,
C of E, MSHA, AND B of M

COMPANIES

LANL, REECO, RSN, T&MSS,
C of E, MSHA, AND B of M

PAGE 6
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Repository Cost Estimates

General Estimating Assumptions

The repository surface and subsurface engineering and construction costs for the 34
repository options are based on estimates prepared by BNI and PBQ&D and reported
in the Repository Life Cycle Cost Data for the 1990 TSLCC Estimate.

The repository subsurface construction estimates are derived from the Case 2T
estimates with modifications to reflect the requirements of the 34 repository options.
The repository surface construction costs were assumed constant for all options.

The cost estimates do not include allowances for change in scope or design criteria,
changes in repository location, licensing delays, construction and/or operating labor
problems, mandates related to total retrieval activities, or cost escalation through the
life of the project. Any of these uncertainties could have a significant impact on cost
and/or schedule. '

Also, these estimates do not include management by government agencies, any offsite
nuclear waste preparation and transport, costs for offsite railroad maintenance, or any
costs that occur before license application design.

Repository Engineering Cost Estimates

A/E services are used to perform Title I, Title IT and Title III design for the repository
surface and subsurface facilities. It is assumed that the Title I and Title II costs
comprise 95% of the total A/E costs and Title III the remaining 5%. It is also assumed
that the Title I costs are half the Title II costs.

Title I preliminary design continues the design effort utilizing the Conceptual Design
and the project Design Criteria as a basis for additional project development. Title I
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design develops topographical and subsurface data and determines the requirements
and criteria which will govern the definitive design. Tasks include the preparation of
preliminary planning and engineering studies, preliminary drawings, outline
specifications, life-cycle cost analysis, preliminary cost estimates, and scheduling for
project completion. Preliminary design provides identification of long range lead
procurement items and risks associated with continued project development.

Title II definitive design continues the development of the project based on the
approved preliminary design (Title I). Definitive design includes any revisions required
of the Title I design, preparation of final working drawings, equipment lists,
specifications, bidding documents, cost estimates; and coordination with all parties
which might affect the project, development of firm construction and procurement
schedules and assistance in analyzing proposals or bids.

It is assumed that Title II costs are twice those for Title 1.

Title III services are required to assure that the project is constructed in accordance
with the plans and specifications (construction inspection), and that the quality of the
materials and workmanship are consistent with the requirements of the project
(materials testing).

Design phases for the Yucca Mountain Site Characterization Project are not organized
by the traditionally singular Title I and Title II method. Because of the need to obtain
NRC concurrence and design work relating to the nuclear waste path, this project has
two separate design categories - license application design (LAD) and final
procurement and construction design (FPCD).

LAD includes Title I and Title II design for all of the repository surface and subsurface
nuclear materials handling facilities. It is assumed that LAD costs are 70% of the total
Title I costs and 60% of the total Title II costs.
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LAD =70% Title I + 60% Title II
= [70% x 1/3 x 95% of total A/E] + [60% x (2/3 x 95% of total A/E)] J/J
= 60% of total A/E costs (20% Title I; 40% Title II)

FPCD includes Title I and Title II design for all the repository surface and subsurface
support facilities. The FPCD is estimated to be 35% of the total A/E costs. It is
assumed that FPCD costs are 30% of the total Title I costs and 40% of the total Title II
costs.

FPCD =30% Title I + 40% Title II
= [30% x (1/3 x 95% of total A/E)] + [40% x (2/3 x 95% of total A/E)]
= 35% of total A/E costs (12% Title I; 23% Title II)

Repository Construction Cost Estimates

Repository construction costs include sinking and outfitting the men and materials I/}
shaft, and exhaust ventilation shaft, mining and outfitting the waste and tuff accesses, \
and mining and outfitting the underground service facilities. Sufficient underground
emplacements panels are developed to accommodate emplacement of waste
simultaneous with continuing construction. Standard equipment required for initial

operation of both surface and underground facilities plus construction management

costs are also included. The cost of construction is based on the following assumptions:

o Construction contracts based on competitive bids and fixed-priced contract,

e Design and QA procedures similar to those applied to current commercial
nuclear projects,

o Equipment and material from U.S. sources,

o Availability of craft and professional personnel in the general project area,
including Las Vegas, : J/
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o Craft wages that comply with the Davis-Bacon wage rates (DOL, 1986),
» Anuninterrupted schedule (no major funding, labor, or supply problems), and
¢ A project that proceeds according to the schedule in the June 1988 Draft
Mission Plan Amendment.
Cost Estimate Summaries
Total costs for the repository surface and subsurface facilities are spread across the
design and construction phases using a straight-line method based on the number of

months for each phase. The following schedule assumption are used as the basis for
spreading the total costs.

o LAD has a duration of 30 months with completion to coincide with the
milestone for the start of the NRC review.

o FPCD starts at the completion of LAD and has a duration of 42 months.

o Title HI (physical construction) has a duration of 60 months and starts at the

completion of FPCD.

The annualized repository cost estimates are included in the cash flow estimates as
"Repository Construction" costs.

Annualized ESF-Repository Life Cycle Cost Estimates

General Assumptions

The annualized cost estimates are based on the total project costs for each option as
reported in the Task 4 Cash Flow calculations described in Appendix A.
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The start dates and durations for all phases of the ESF-Repository life cycle are as
identified in this Appendix and are used as the basis for spreading total costs and
calculating annualized costs.

Repository cost estimates are divided into four phases. Phase 1 is the initial 5-year
construction period during which a sufficient portion of the underground facilities is
completed to begin emplacement. This phase includes the engineering costs for the
repository surface and subsurface facilities. Phase 2 represents the emplacement
operations period and lasts 25 years. Phase 3 is the caretaker period and lasts 25 years.
Phase 4 is the decommissioning and closure phase. The duration of Phase 4 activities is
dependent upon the option and the assumption of a normal or off-normal repository
life cycle.

The repository normal life cycle is defined as the start of construction through the end
of closure and decommissioning without retrieval. Table 5B-1 shows the schedule
durations, which are rounded to the nearest year, for the normal life cycle.

TABLE 5B-1
ESF-REPOSITORY NORMAL LIFE CYCLE SCHEDULE DURATIONS®

Option Duration (Years)
1, 18 - Base 11
2,19- A1 12
3,20- A2 12
4,21 - AdR1 12
5,22- A5 11
6,23 - A7 12
7,24 - B3R2 13
8, 25-B3R3 13
9,26 - B3R4 13
10, 27 - B3R5 13
11, 28 - B3R6 13
12, 29 - B4 13
13,30-B7 13
14,31 - B8 12
15,32-C1 18
16,33 - C4 20
17,34 - R11 12

*Start of repository construction through closure and decommissioning.
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The off-normal life cycle is defined as the start of construction through the end of
closure and decommissioning with retrieval. It is assumed that the schedule duration
for Phase 4 activities which includes retrieval are identical for all options and are
comprised of 9 years for design and construction, 25 years for retrieval, and 7 1/2 years
for closure and decommissioning. The closure and decommissioning period was
rounded to 7 years for the purpose of calculating annualized costs.

Cost Components

The cost components contained in the project total cost reported in the Task 4 Cash
Flow calculations are:

Project total = ESF construction total + ESF operations total + Calico Hills
total + repository total

The repository total comprises the following cost components:

Repository total = construction + surface facilities + disposal containers +
emplacement operations + caretaker operations +
decommissioning

The construction cost estimate includes engineering costs for the repository subsurface
and surface facilities and the cost of construction for repository subsurface facility. The
surface facilities cost component contains only the cost of construction.

The total cost of surface facilities and disposal containers is assumed to be the same for
all options. Construction of subsurface facilities, emplacement operations, and
caretaker operations varies among the options.

The decommissioning cost reported in the cash flow estimates refers to the cost of
closure and decommissioning for the ESF-repository normal life cycle. For the normal
life cycle, the annual and total decommissioning costs vary among the options.
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Phase 4 activities which include retrieval (off-normal life cycle) are not in the cash flow
cost estimates. The off-normal life cycle assumes that the total cost of Phase 4 activities
is identical among all options.

Calculations

Annualized costs estimates for the ESF-repository life cycle include a "high," "best,"” and
"low" cost for the normal life cycle and the off-normal life cycle of the repository.

The total project cost from the cash flow cost estimates is considered to be the "best"
cost estimate for the normal life cycle. The high and low estimates are derived by
applying percentages to each of the components of best estimate.

It is assumed that the uncertainty of the cost estimates is the same for all 34 options
with regard to ESF construction, ESF operations, and Calico Hills costs. The
percentages applied for these components are:

High Low
ESF construction 120% 95%
ESF operations 120% 95%
Calico Hills "124% 95%

The cost components which comprise the repository total not only vary among the
options, but also with each phase of the repository life-cycle. A summary of the
high/low uncertainty ranges which apply to each phase of the options is provided in
Table 5B-2.
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TABLE 5B-2

SUMMARY OF HIGH/LOW UNCERTAINTY
RANGES FOR THE REPOSITORY COST ESTIMATE

Close &

Const. Emp. Op. Care Ops. Decom.

Phase 1 Phase 2 Phase 3 Phase 4

Option H L H L H L H L

1, 18 - Base 1.20 0.90 125 0.90 1.15 095 125 095
2,19- Al 122 0.88 127 0.88 1.17 093 127 0.93
3,20- A2 122 0.88 127 0.88 1.17 093 127 0.93
4,21- A4R1 - 1.22  0.88 .127  0.88 1.17 093 127 093
5,22-AS 122 0.88 127 0.88 1.17 093 127 0.93
6,23 - A7 122 0.88 127 0.88 1.17 093 127 093
7,24 - B3R2 123  0.87 128 0.87 1.1 095 125 095
8,25 -B3R3 123 0.87 128 0.87 1.15 095 125 095
9,26 - B3R4 123  0.87 1.28 0.87 1.1 095 125 095
10,27 - B3RS 123  0.87 128 0.87 1.15 095 125 095
11,28 - B3R6 1.23  0.87 1.28 0.87 1.15 095 125 095
12,29 - B4 125 0.85 130 0.85 1.17 093 127 093
13,30-B7 125 0.85 1.30 0.85 1.17 093 127 093
14,31 - B8 125 0.85 1.30 0.85 1.17  0.93 127 093
15,32-C1 1.22  0.88 127 0.88 1.17 093 1.27 0.93
16,33 - C4 122 0.88 127 0.88 1.17 093 1.27 0.93
17,34 - R11 125 0.85 1.30 0.85 1.17 093 127 0.93

The uncertainty associated with the cost estimate for the surface facilities and the
disposal containers is assumed to be the same for all options. The high value for these
cost components is assumed to be 125% of the best estimate, while the low value is
assumed to be 90% of the best estimate.
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The ESF-repository normal life cycle cost estimates, therefore, are calculated as
follows:

Best estimate = project total from cash flow

High estimate = (ESF construction total * 1.20) + (ESF operations total * 1.20) +
(Calico Hills * 1.24) + repository high

Repository high = (construction * construction high %) + (emplacement operations
* emplacement high %) + (caretaker operations * caretaker
high%) + (decommissioning * decommissioning high %) +
(surface facilities + disposal containers) * 1.25

Low estimate = (ESF construction total * 0.95) + (ESF operations total * 0.95) +
(Calico Hills * 0.95) + repository low

Repository low = (construction * construction low %) + (emplacement operations
* emplacement low %) + (caretaker operations * caretaker low
%) + (decommissioning * decommissioning low %) + (surface
facilities + disposal containers) * 0.90

The best, high, and low annualized cost estimates for the off-normal life cycle are
identical to the normal life cycle costs with the exception of those costs incurred during
Phase 4 activities. The off-normal life cycle assumes retrieval, the cost of which is not
included in the Phase 4 cost estimates reported in the cash flow. It is assumed that the
total costs of design and construction, retrieval, and decommissioning and closure
activities which occur during Phase 4 are identical among all options. The high and low
annualized cost estimates are obtained by multiplying the best estimate by 1.25 and
0.95, respectively.
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Input to Sensitivity Analyses

The annualized costs are summed for each of the following decision scenarios as an

input into the sensitivity analyses used by the management review board to facilitate the

scoring process:

Scenario F
Scenario E
Scenario D
Scenario C
Scenario B
Scenario A

total thru beginning of early testing

total thru end of early testing

total thru end of late testing

total thru NRC decision

total thru end of closure and decommissioning with retrieval
total thru end of closure and decommissioning without retrieval

The schedule dates for end of early testing, end of late testing, and NRC review were
taken from the "Finest Hour" Schedule described in ESF Schedule Section in this
Appendix. Completion of Topopah Springs early testing was used for Options 1
through 17, while Completion of Calico Hills early testing was used for Options 18

through 34. It is assumed that late testing is completed at the start of NRC review and
the NRC decision has a duration of 42 months.
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WBS 126111

NA
OPTION 30
B7 (Scenario 2)
CONTENTS
SKETCHES
1) Concept 5C-3
2) Concept Isometric 5C-4
3) Calico Hills Concept 5C-5
4) ESF/Repository Interface 5C-6
5) MTL Layout 5C-7
6) Stratigraphic Section(s) 5C-8
7) Surface Facilities (Disturbances) 5C9
CONCEPT DATA SHEETS
ESF/CH/REPOSITORY 5C-10
ESF/CH , 5C-11
1) MTL/CH Access 5C-11
2) MTL/CH Concept Features 5C-12
3) ESF Surface Facilities 5C-15
REPOSITORY
1) Repository Descriptions 5C-16
2) Repository Constructability and Operability Comments 5C-17
3) The Role of ESF Openings in Repository Construction
and Operations 5C-19
4) Impact of MTL Movement 5C-21
5) Base Case Design Deficiency Comments 5C-22
6) Repository Accesses, Physical Features 5C-23
7) Repository Layout, Physical Features 5C-24
8) Surface Disturbances 5C-25
9) Repository Materials and Water Usage 5C-26
10) Repository Quantities-Excavation Lengths and Areas 5C-27
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OPTION 30
B7 (Scenario 2)
CONTENTS (CONCLUDED)

COST AND SCHEDULE DATA SHEETS
ESF/CH/REPOSITORY SUMMARY
1) Cost and Schedule Performance Projections
2) Table of Annulized Costs (Cash Flow)
ESF/CH
1) Schedule
2) Milestone Schedule
3) Procurement Schedule
4) Schedule Activity Report
5) Take-off Sketch
REPOSITORY
1) Cost and Staffing Estimates
2) Schedule

ESF ALTERNATIVES STUDY DATA SHEETS FOR TESTING
INPUT OPTIONS 13 (B7) AND 30 (B7)
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5C-28
5C-29

5C-36
5C-37
5C-38
5C-39
5C-40
5C-41
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SBELECTED OPTION No. B7-SCENARIO §2

OPTION DESCRYPTION NECKANICALLY NINED REPOSITORY WITK TUO SKAFTS AND TUO RANPS, MORTM AND SQUTN ACCESS
KECKANICALLY MINED ESF MITH TUD RAMPS (TUFF AKD VASTE), WIL AT SOUTK END OF

REPOSITORY, CN ACCESS BY INTERMAL RAXPS FRCH TUFF AND WASTE RANPS AT MNORTH AND SQUTH

CONCEPT FEATURES MTL CH
LOCATION SOUTH N/A
ELEVATION « SKAFT/RANP STATION 3730 3106
APPX. DISTANCE TO MATER TABLE (F1.) 1318 644
MYL LAYOUT AREA (SQ. FT.) 915834 u/A
DEDICATED WTL AREA (SQ. FT.) 4194055 L7
EXPANSION AREA AVAIL. (SQ. FT.) 3278221 /A
RINING  [ExPL. ORIFTS KECH. (TBM & MOBILE MIKER) Tan
METHDS {MTL KECH. (MOBILE NINER) ROADHEADER
XTENT OF INTERSECT ORILL NOLE VASK LOKGC NORTH/SOUTK DRIFT
XPLORATCRY AND GHOST DAKCE FAULTS INTERSECTING DRILL NOLE WASH
RIFTING VITH LOKG DRIFT TO NORIN,  JAND GHOST DANCE FAULTS, ORIFT TO
ORIFT TO IMBRICATE FAULT INBRICATE, CHOST DANCE (TVICE),
OFF OF LONG ORIFT AND SOLETARIO CANTON FAULTS
:M.A'I‘ERIALS VATER (GALS.) COMCRETE (CU. YUS.) STEEL (TONS)
ESF ACCESS M1 900535 : i
ESF ACCESS #2 1584576
ESF ACCESS £3
MTL/EXPL. DRIFTS
CH ACCESS #1
CN ACCESS #2
CH ACCESS €3
CN EXPL. DRIFTS 2239140
**TOTAL 10598587 32774 740

NOTE: ALL VALUES SKOWN ARE APPROXIMATE AND SUSJECT TO CHANGCE DURING DESIGN

**TOTALS FOR COMCRETE AND STEEL 0O 0T INCLUDE CH QUANTITIES. “FUR INFURMATIDN UNLY"
10 BE USED IN THE

ESF ALTERNATIVE STUDIES

DATE 10/10/90

5C-12
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Fa-AS-430 lcv.__? 'ugel_zofi}

XTL/CH DATA SHEET

LECTED ON_No. 7-BCENARIO
OPTION DESCRIPTION meCHANICALLY NINED REPOSITORY VITH TVO SHAFTS AMD TWO RAGS, NORTK AMD SCUIN ACCESS
MECHANICALLY KINED €3F VITH TuUQ RAXPS (TUFF AMD WASTE), NTL AT SCUTK EX0 OF

REPOSITORY, CN ACCESS BY INTERNAL RAMPS FROK TUFF A WASTE BAWS AT SORTH AND SQUTN

C‘ONCZP‘I‘ FEATURES CCONTINUED )

G’EIAIN."Y COPMENTS
Provides better operational efffciency ard flex{bility than Sese Case. Larger access openings
provide additfonal ESF ventitation capecity. The sddit{onal sir could be tmed ta support expargion

of RTL testing, additional exploratocy drifting, srd testing of the Calico Nills. Revised xTL
Larger dedicated MTL sres srd rew configarstion

confipuration erharces ventilation efffciency.
focilitate NTL expartion by redcing the potentiel for interference between NTL construction

ord on-going testing sctivities.

SEQUENCE OF COMSTRUCTION

1 ESF Access #1 (25 ft. dis. rawp)
Bore decline @ 14X with 25 ft. dis. T, fnetsl! tempocary utilities and ground support as required.

Remove muck with coveyor, .
Conduct all scheduled tests at desl{pgnated locations {nterrupting tnr!nc s requiced.

Cut statfors ad transfer points as required st KTL and 3t an {ntermediate location to facil{tate

driving of ramp to CH Level,
2 ESF Access #2 (25 ft. dia. cayp)
Sore decline @ 8.9% with 25 ft, dla. T8N, Install terporary utilities ad ground support ss

required. Renove sk with corveyor.
Corduct all scheduled tests at designated lecations fntermupting boring st required.

Cut statiors and transfer points ss nquired at KTL and st an intermediste (ocation to facilitate
driving of rap to CH Level.

3 Catleo Kitls
o Excavate exploratory drifts with a T84t from the bottom of CK Accesses #1 and #2, Additioral drifting

may be dore with & roechesder.
Nardle mxck with coveyor sipplemented by nubber tired equipment.
Catfco Ni{lls development will be done on 8 first priority betis with XIL sctivity.

Drift from the bottom of both raspe towards the canter of repositocy block with IBXs until »

comection s mede.
ting faciliry uith s mebite—wirer; KT FESer n:ed

SRR TR WFORMATION OV
BF USED [N THE

ESF ALTERKATIVE STUDIES

NXOTE: ALL VALUES SHOWM ARE APPROXIMATE AND SLMJECT TO CMANGE OURING DESIGH

5C-13

DEC 07 1990
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NTL/CH DATA SHEET FSu-AS-430 lev.E Poq]_éef_lj
LECTED © ON_ No. 7-8CENARIO {2
OPTION DESCRIPTION MECKANICALLY KINED REPOSITORT WITH TUD SKAFTS AKD TWO RAMPS, BORTH AXD SOUTN ACCESS
MECKAKICALLY NINED ESF WITH TWO RAMPS (TUFF AXD WASTE), NIL AT SOUTA EWD OF
REPOSITORY, CX ACCESS 8Y INTERNAL RAMPS FROX TUFF AMD WASTE RANPS AT NORTN AND SOUTH

CONCEPT YEATURES CCONTIILED)

3

JOOMSTRUCTIBILITY COMMEXTS
T84 methocis have proven to be effective In & varfety of corditions end situstions, and perwit

coratruction schedules to be predicted with ressanable accurscy. Chctru(nty exfsts with recpect
to the feasibility of some scient{fic (restigations of the roct surface during excavation
operetions. The TIX method fnfllicts {ess rock dasege ard uses less sater per unit excevated
than does drill and blest sethods. This mey be o bermf(t to the Site Chareacterization asctivity.
18X boring of the Uaste Ramp combiration horfzontal and vertical curve vill sdvance ot &

slower rate then would flet curve oc straight decline driving.

The mechanical method (mobfle miner) which say be employed for MIL excavation utilizes
proven dite cutter technology. This method offers some degree of orientation flexibitity ard Yree
access to excaveted surfaces for scientific frvestigation. Urcertainty exists with respect to water
wcage ard production rates slince the acbile miner fs & prototype excevating machine.

Use of 8 roachesder for Callco Xills exploratory drift excavation utitizes proven techrology
ard {5 apgplicable to the softer norwelded tuff of the Calico Nills formation. A roachesder has the
advantages of less rock damage ond uster use compared to delll snd blast methods, high shape
ord orientational flexibitity, and relstively good test sccessibility and safety.

“FOR INFORMATION ONLY”
10 BE USED IN THE

ESF ALTERNATIVE STUDIES

NOTE: ALL VALUES SHOW ARE APPACKIMATE AXD SLMJIECT TO CMANGE DURING DESICN

5C-14
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BSF SURPACE FACILITIES DATA SHERT

SELECTED OPTION NUKNBER:
OPTION DESCRIPTION:

Scenario §2, B?7
Tvo Ramps (One N and One S)

FACILYTY

LOCATION
(BSF ACCESS)

SIZR
(ACRES)

DISTURBED AREA
(ACRES)

RAMP PAD
HOIST BOUSE
SURFACE DATA BLDG.
OPERATIONS BLDG.
SHOP
CONTRACTOR AREA
COMMUNICATIONS TOVER
MPBR AREA

$2

1.9

2.57

RAMP PAD
Valker/Shop
Change House
Kuck Pile
Contractor Area
Varehouse
Equip./Scientific Trailers

11

16.79

22.67

TOPSOIL STORAGE PAD

J-13

6.10

8.24

BORROV AREA

12

14.3

14.3

AUXILLTARY PADS
TEST SUPPORT FAC.
CHANGE BOUSE
VAREHOUSE
BATCE PLANT
EXPLOSIVES STORAGE
EQUIP./SCIENTIFIC TRAILERS
VEHICLE MAINT./FUEL
PARKING
SECURITY FACILITY

$1

2211

29.85

001294 DECo7 S0

ROADS

5.61 mi.

25.53

DRATNAGE MAMNAGEMENT

1.62

2.19

SUB TOTAL

105.35

UTILITIES

LOCATION

SIZE/QTY.

DISTURBED ARRA

VASTE VATER

#1 and #2

1.53

2.06

SANTTARY PACILITIES

#1 and #2

2.53

3.42

SURFACE FACILITIES

#1 and %2

4.82

6.51

VATER
TANKS
BOOSTER PUNP
USAGE (GALLONS X 1000)

41 and $2

ESF CONST.

70,700

ESF OPER.

103,300

TOTAL

179,700

2.75

.

SUB TOTAL

15.70

TOTAL

121.05

5C-15



REZPOSITORY DATA BHIZT REPO0B8ITORY DEBCRIPTIONS

OPTION NUMBXR 30 - (B7 SCXMARIO 2)

XECHANICALLY MIXNEID RXPOBITORY WITEH
IWO BEAFTS AND TWO RAXPE; XORTH AND

S8OUTH ACCZES

NECHEANICALLY XIXNXED RBY WITE IWO
JANPS (TUYY AND WAHSTE RANMP)

OPTION DESCRIPTION:

XTL AT BOUTE END OF XEZPOBITORY

Repozitory Description

Accesses to the reposzitory include the tuff ramp and the men-and-
naterials shaft in the southern and, and the waste ramp and the
emplacement exhaust shaft (close to the central mains) in the
north end. The ramps are developed by TBM. IEnmplacement drifts
are perpendicular to a group of four mains, and are developed by
TBY across the full wvidth of the repository to intersect the
single, continuocus perimeter drift. Develcopment proceeds north
to south, with emplacement following in the same direction.

Repository surface Yacilities Description

The central surface facilities, located in Midway Valley close to
the portal of the waste ramp, consist of three functional areas--
the waste receiving and inspection area; the waste operaticns
area, which includes all buildings in which radicactive material
is handled or stored; and the general support facilities, such
as, administration buildings, security stations, and varshouses.
The tuff ramp surface facilities consist of tuff-handling .
conveyors and stockplles for the xined rock disposal systen.
Facilities at the emplacement exhaust shaft consist of a filter
building and ventilation structure. Facilitiesz at the men-and-
materials shaft area consist of a headfranme, hoist house,
changehouse, fans, and offices to support underground development

operaticns.

9/24/90

5C-16

DEC 07 190

001295



REPOSITORY DATA SHEET REPOSITORY COXSTRUCTIBILITY AND
OPERABILITY COMMENTS

OPTION NUMBER 30 - (B7 SCENARIC 2)

KECHANICALLY MINED REPOSITORY WITH
TWO SEAFTS AND TWO RAXPS; NORTH AND
SOUTH ACCESS

MECEANICALLY NINED RESF WITH TIWO
RAMPS (TUFPF AND KASTE RAMPS)

OPTION DESCRIPTION:

XTL AT SOUTE XND OF REPOSITORY

] TBMs are proven technology and are mainly used in single-
entry projects. TBMs have never been used as the primary
mining method in & large-scale hard-rock mining operation.

TBEM technology and equipment continue to improve at an
accelerated rate.

] TBMs require a well~designed, totally integrated support

system to function effectively.

The use of multiple TBMs, combined with the large number of
openings to be developed, reguires a high level of technical

TBM expertise.

° Optimal use of TBMs permits a simpler layout with 1longer
enmplacement drifts that results in fewer active headings and

simplifies operational planning.

TBM methods use few pachines for production and are

()
susceptible to significant delays caused by major equipnent
breakdown. .

o In long emplacenment drifts, it is more difficult to isolate

unexpected geologic problem areas than in panel layouts with
shorter enplacenent drifts.

o TBMs have less flexibllity to respond to unforseen geologic
conditions than conventional mining.

This layout has less drift footage and fewer intersections

°
requiring less ground contrel =monitoring and wmaintenance
throughout the repository life.

304 /09~ 34=90 1
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OPTION NUMBER 30 - (B7 SCRENARIO 2) (Cont’d)

long emplacement drifts result in fewer available working
lecations.

long enmplacement drifts will 1likely require alternate
cooldown techniques for inspection or maintenance and will
take longer than shorter drifts to cool down.

TBM layouts have lower ventilation requirements than
conventional mining.

Operational flexibility and ventilation margins may be
enhanced with additional or relocated ventilation shafts.
Uniform drift cross sections allow for consistent ground
support methods.

Repository grades for this layout preclude the use of
conventional rail transport.

Initial construction of the repository is enhanced by having
the tuff ramp and main completed as part of the ESF.

Ramp and shaft openings located at both the north and south
ends of the repository provide separate accesses for
emplacement and mining personnel and eguipnent. This
results in good eeparation of these operations and enhances

safety.

5C-18

DEC 07 1390

001297



REPOSITORY DATA SHEET THE ROLE OF THE ESPF OPENINGS 1IN

REPOSITORY " CORSTRUCTION AND
OPERATIONS

OPTION XUXBER 30 - (B7 SCENARIO 2)

OPTIOR DESCRIPTION: KECEANICALLY XINED REPOSITORY WITH

THO SHAFTS AND TWO RAMPS; NORTH AND
SQUTH ACCESS

KECHANICALLY NMINED ESF WITH TWO
RAMPS (TUFF AND WASTE RAMP)

XTL AT SOUTH END OF REPOSITORY

The ESF openings are:
o FPuture repository tuff ramp

(] Future repository waste ramp.

Repository Construction Phase

The tuff ramp is the »ain route for wmuck- haulage from the
repository development areas to the surface muck disposal area.
After repository construction authorization is received, the ramp
will be equipped with the permanent conveying system. It will
then be used to haul wmuck from the shops and the men-and-
raterials mechanical shaft-sinking operation and cother subsequent

development.

Fresh air will be provided via the waste ramp until the men-and-
zaterials shaft is connected to the repository. Exhaust air will
be routed to the surface via the tuff ranmp. :

¥en, materials, and supplies will be transported via the waste
ranp until the men-and-materials shaft is commissioned. MKining
equipment »ay be taken underground on either ramp.

The ESF shops will be used to support initial development until
the permanent repository shops are commissioned. Utility systenms
used for NMTL development will be used for initial repository
development until the permanent repository utilities are

installed.

- SOt 4-90

5C-19
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OPTION NUMBER 30 - (B7 SCENARIO 2) (Cont‘’d)

Repository Operations Phase

During }epository operations, the functions of the tuff ramp
renain the same as during the repository construction peried.
The waste ramp will be used as an emplacement ventilation intake

and will be designated as a main route for transportation of
waste for underground emplacement. The dedicated MTL area will

be designed to provide space for:

] Training area for waste emplacement activities

o Emergency and mine rescue activities.

Unrestricted access from the repository to these facilities will
be maintained.

5C-20

001299 DECoz 195



REPOSITORY DATA SEEET IMPACT OF XTL KOVEXENT

OPTION NUMBER 30 - (B7 SCERARIO 2)

OPTION DESCRIPTION: NECHANICALLY XINED REPOSITORY WITH
TVWO SHAFTS AND TWO RAMPS; NORTH AND
SOUTH ACCESS

MECHANICALLY XINED ESF WITH TWO
RAXKPS (TUFF AND WASTE RANP)

XTL AT BOUTH END OF REPOSITORY

Ixpact of Moving the XTL on Repository Design

The conceptual underground layocut has the flexibility to
accomnmodate any relocation of the NMTL. A continued
ESF/MTL/repository interface can mitigate repository design,
construction, and operating complications resulting from the
relocation of the MTL. At this phase in the design process, an
¥TL location adjacent to the central mains or the perimeter would
have the least impact. Specific effects to be considered are the

following:

] regional temperature distribution;

c utilization of available emplacement area;
) isolation of ventilation systems:

() ease of development and operations;

N -) availability of ESF accesses for repository

construction and operations; and

o schedule for repository development.

In this option, the tuff ramp and the waste ramp are part of the
ESF and would not be affected by lateral movement of the XTL. 1f
the MTL =moves off the main corridor, lateral drifting on the
repository level will be extended to connect the MTL with the
other openings. If the MTL horizon is changed, connecting drifts
off the ramps at the proper elevations will be necessary, and
other connections to the repository 1level will have to be

reexanined.

bl pOe-31 90

5C-21
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REPOSITORY DATA SHEET BASE CASE DESIGN DEPICIENCY
COMMENTS
OPTIOR XUMBER 230 - (B7 SCENARIO 2)

OPTION DESCRIPTION:

NECEANICALLY MINED REPOSITORY WITH
TWO SHAFTS AND TWO RAKPS; NORTH AND

SOUTH ACCESS

MECHANICALLY MINED ESF NWITH TWO
RAMPS (TUFF ANXD WASTE RAMP)

KTL AT SOUTH END OF REPOSITORY

Perceived Deficiencies of the Base Case Repository Design are:

1.

Surface entrance locations for the men-and-materials shaft
and tuff ramp are adjacent to the potential regional maxinunm
flood area and so may be subject to flooding.

Present layout of ESF facility does not allow for potential
expansion beyond the existing boundaries.

Repository access openings and wmain drifts have 1limited
flexibility to accommodate increased ventilation requirements
resulting from operational changes or development rate

increases.

In response to perceived deficiencies in the Base Case Design,
the following changes were made for this optien:

1.

2.

Portals of both the men-and-materials shaft and tuff ramp
were noved to eliminate potential flooding problem.

Repository emplacemené area was Tedesigned to provide
additional area for potential ESF expansion.

The number of main drifts was increased from three to four.
Diameters of access openings and mains were increased to 25
feet. Repository access drifts were eliminated and
enplacement drift sizes increased to 25-foot diameter.

§bcf09-21-30

5C-22
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REPOSITORY DATA SHEET REPOSITORY ACCESSES - PHYSICAL FEATURES
OPTION NUMBER X — 37, CERARIO 2
OFTION DESCRIFTION: MWECHANICALLY MINED REPOSITORY WITH TWO SHAFTS & TWO RAMPS;
NORTH AND SOUTH ACCESS
MECHANICALLY MINED ESF WITH TWO RAMPS (TUFF AND WASTE RAMP)
MTL AT SOUTH END OF REPOSTTORY
MEN & EMPLACEMENT
TURES MATERIALS EXHAUST TUFF WASTE
SHAFT SHAFT RAMP AN
AP7EOX DIA (FT) *FPINSHED) 25° 25° <} 2
) NG TYPE CONCRETE CONCRETE NOTDETERMINED  NOT DETERMINED
ICX.OSS SECTIONAL AREA (3Q FI) &1 1 «l €5}
ICORSTRUCTION METHOD (*°) MECHANICAL MECHANICAL MECHANICAL MECHANICAL
VMOLE/ VMOLE/ TBM TEM
RAISEBORE RATSEBORE
L ENGTH (FI) TO REP.LEVEL 11% 1u» 1557 ©u
qumonm DISTANCE (FT) NA NA 1362 ©o%
IGRADE VERTICAL VERTICAL 100% L%
Fy«ma NOTAPTLICARIE  NOTAFPLICABLE S$%E NG W
TION (ATPROX)
SURFACE N 255200 25550 256196 2820
E 857860 sax280 50498 200
B 4890 €0 £125 3519
UNDERGR N . - Tt 27500
E - - £55748 6oy
EL 7 1% 3628 3100
JOP ENING FUNCTION TRANSPORTATION WASTE MUK HAULAGE ROUTE FOR ALL
N REPOSITORY OF YERSONNEL, EMPLACEMENT UNDERGROUND TO TRANSPORTED WASTE
MATERIALS EXHAUST AIR SURFACE FROM SURFACE
AND SUPPLIES TO UNDERGROUND
VENTILATION VENTILATION VENTILATION VENTILATION
[OTENING PUNCTION IX ESF NONE NONE ACCESS ¢1 ACCESS ¢ 3

) MECHANICAL EXCAVATION USES FULL FACE TURNEL BORING MACHINES (TEM'S) THESE TBM'S WILL USE A DOMED

EEAD WITH RECESSED CUTIERS.

VMOLE EXCAVATION POR SHAFT CONSTRUCTION CONSISTS OF NECHANICALLY ENLARGING AN EXISTING PILOT HOLE
WITH A VERTICAL SELF CONTAINED BORING MACHINE, WHOSE CUTTERHEAD HAS A V CONFIGURATION. THE PLLOT

BOLE IS CONSTRUCTED RY RAISE BORING.

SOURCE: [B7_ACC WX1] 27-Scp-50

5C-23
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REPOSITORY DATA SHBHET REPOSITORY LAYOUT «~ PHYSICAL PEATURES

OPTION NUMBER 30 —— 87, SCENARIO 2
OPTION DESCRIPTION: MBOHANICALLY MINED REPOSITORY WITH TWO SHAFTS & TWO RAMPS; NORTH AND SOUTH ACCESS
MECHANICALLY MINED ESF WITH TWO RAMES (TUPP AND WASTH)
MTL AT SOUTH END OF REPOSITORY
FRMFLACEMONT WMAIN OROFTS FERDAETER |
PRATURES DRIFTS WASTE TUPP  SERVICE VENT DRIFT
APPROX DIA/SIZE (FT)- EXCAVATED 2 ] 2
LINTNG TYPH SHOTCRETE SHOTCRETE SHOTCRETH SHOTCRETE SHOTCRETE SHOTCRETE
CROSS SECTYONAL ARBA (30 FT) m m o ”m m -
CONSTRUCTION METHOD (%) MECHANICAL. MECHANICAL MBCHANICAL MBCHANICAL MECHANICAL MBCHANICAL
™ ™ TBM ™ ™M ™M
TYPICAL LENGTH (FT) #00.3500 200 totoe 0oe 10000 2s00
ORADS - % 428 234 258 238 238 NI
ORIENTATION (BRARING) S4B NMRB NMEBE VARIARLE
VERTICAL POSITION STANDARD STANDARD STANDARD STANDARD STANDARD STANDARD
IN REPOSTTORY HORIZON REFBR(**) REFOR(*") REPNR(**) REPER(**) REPER(**) REPER(")
BLEVATIONS (FT) IS MOLIe NoATIE JeaIMe  IMITS 2918
DISTANCE PROM WASTE CANNTER s58.1108 - — - - -
EMPLACE DRIFTTO WATER TABLE

¢ MECHANICAL EXCAVATION USES FULL FACE TUNNEL BORING MACIHINES (TEAM'S) POR THE MAJORITY OF OPENINOS. THESE TEMS WILL USE A

DOMED HBAD WITH RECEXIED CUTTERS. LIMITED USE OF A MOBILE MECHANICAL MINHR 13 PLANNED FOR SHLBCTED OPBNINGS (SHOPS,
CROSSCUTS, BTC).

** PRIOR INTERFRETATION OF TSwi/TSw2 CONTACT

SOURCIL [NT_LAY.WK1] 780p 48 00130 J DECo? [ 4¢))



YASY

NEPOSITORY DATA Saeet SURPACE DISTURBANCE
SELECTED OPTION WUMRER, ” - Scenario 2

OPTION DESCRIPTION, BECHANICALLY MINED REPOSITORY WITH TwO SHARTS AND TwO RANSS, NORTH AND SOUTH ACCESS

MECHAMTICALLY MINED £SP WiTH TWO RAMPS (TUFE AND WASTE RANP)
MTL AT SOUTH END OF REPOSITORY DISTURNED AREA

(ecres)
1.0 Contral) Surfece Facititles (EAST OF EXILE HILL)
- 1.1 'l:QQ NQM:;;;-;:;:-;;;:-;:QH Rompy Portal) 120
1.2 Sewsge Dlapesal Lagoen 22
1.3 Lend Digpesst Ares b L]
1.4 Dratnape Divarsion Dike 30
1.9 Ralireed and Accons Reads {te 40 Mite waah) (1]
1.6 Utitities (Power, Water, Sewer) 7]
T 50
2.0 Men ond NMaterials Shaft eor Ramp {YUCCA CREST AT MIGHWAY REDGE)
2.V Main P‘tﬂl;;.;;;;;;:-;:::;;. whae, laydown) 20
2.2 Access Reads 3
2.3 Utitttien (Power, Water) 18
...-....;;.
3.0 Rswincoment Eahausl Shatt (T0F Of DEAD YUCCA RIDGE)
3,1 Main Peclitity (fan bidos, priing, laydown) | ]
2,2 Accass Rends [}
3.3 Utititine (Power, Water) ]
..--.--.;;-
4.0 Tult Ramp (GHOST DANCE WASM)
;:| Pertal and Much ;llo (mise bides, prhting, cenveyers, laydewn) 137
4,2 Access Reade g o
4,3 uUtitittes (Pexer, wWater) esr o
BT
[(ITTIZ I 11 LY]
souncey (B?_SD1S wk1) 28-Apr-90 T0TAL AREA 828

001304 DEC o> 1aay




REPOSTTORY MATERIALS AND WATER USAGE

REFOSITORY DATA SHEET
OFTION NUMRER 30 — B7, KCENAXIO 2
OFTION DESCRIPTION: MECHANICALLY MINED REPOSTTORY WITH TWO SHAFTS & TWO RAMPS,
NORTH AND SOUTH ACCESS
MECHANICALLY MINED ESF WITH TWO RAMPS (TUFF AND WASTE)
MTL AT SOUTH END OF REPOSITORY
TYPEOF Unis PHASE L PHASE 2 PHASE 3 PHASE ¢ TOTAL
MATERIAL Coostroction Crperstions Carciaker Cxxare
STEEL® | Toxs L31e R293 1529 12,07 7478
CONCRETE®** | CY 20769 3097 «575 12208 455 545

REPOSITORY WATER
USAGE (TOTAL)

UNDERGROURD | Gal 2,403,000 417,722,000 25,410,000 £19,935,000 1355477,00

SURFACE| Cal 114364,000 €75 356,000 2S00 344,900,000 | 1.009,545.000

TOTAL | Gal 146,762,000 293,084 000 160315 000 LICLEIS.000 | 2349072 000

* INQLUDES ROCXBOLTS, DOORS, YIPE, WIREMESH, LINING PLATE & PLUG

& INQUUDES CEMENT, SHOTCRETE, GROUT

SOURCE: [B7_NTLWK1] Z1-S<p-%0

5C-26
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YEPOSTTORY DATA SHEET REPOSITORY QUANTITIES - EXCAVATION LENGTHS AND AREAS

OrTION NUMERER X0 ~— ¥7, BSENARIO 2
OrTION DESCRIFTION: MECHANICALLY MINED REPOSTTORY WITH TWO SHAFTS & TWO RAMPS;
NORTH AND SOUTH ACCESS

MECHANICALLY MINED ESF WITH TWO RAMZS (TUFF AND WASTE RAMD)
MTL AT SOUTH END OF REPOSITORY

CAVATION LENGTHS ACCESS OVENINGS LINEAL FET-
SHAFTS 134
) RAMPS ®
(1) MADN DRIFTS 2x.500
EMPLACEMENT MANIPOLDS 819
(1) EMPLACEMEXT DRIFTS x5
EMPLACEMENT HOLES 27,9%
PERDIETER DRIFTS 22368
SHOPS, OFFICES AND DRIFTS 8,400
@) TOTAL 42160
[REPOSITORY AREA AGLES
(3) WITHIN ESF ALTERNATIVES
STUDYBOUNDARY 218
POR EMTLACEMENT 102
FOR LAYOUT LOSSES 16
(SHOPS, MADNS, STANDOFF, ETC)
PROVIDED FOR ESF TESTING *
(§) NET REMAINING %1

NOTES:

(1) THESE QUANTITIES REFRESENT THE TOTAL LENGTHS EXCAVATED MINUS THE ESF LENGTHS |

() TOTAL DOES NOT INCLUDE THE LENGUTH OF THE EMPLACEMENT HOLES

(3) RASED ON CUTLINE OF POTENTIAL REPOSITORY AREA ASSUMED FPOR ESF ALTERNATIVES STUDY.

() NOT MEANT TO DLPLY THAT THIS AREA IS AVAILARLE POK WASTE EMPLACEMENT.
UTILIZATION OF THIS REMAINING AREA POR THE PURPOSE OF EMPLACING WASTE WILL
DEFEND PRDUARILY ON DESIGN ESF LOCATION, REPOSTTORY DEVELOPMENT SEQUENCE
$CHEME AND OVERALL LAYOUT CONFIGURATION. FOR SOME OF THE OFTIONS IT IS LIKELY
THAT ONLY SMALL PORTIONS OF THE "NET REMAINING® CAN BE SUCCESSFULLY USED

TO EMFLALCE WASTE.
QUANTITIES DO ROT INCLUDE DL ACTS OF EAST/WEST EXYLORATION DRIFTING.

FOURCE: {E7_QNT. WK1} 77-Sep-50
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DATASCEN1/13

PON=~BD-A8~476

TABK 4 BTUDIES SCENARIO {2
COBT AND BCHEDULE

ESY OPTION: B7 PERPORMANCE PROJECTIONS 10/17/90
) coaT : S8CHEDULE DURATION PACE
ITEM HIGH [+] ESTIMATE Low [~-] |:|HIGH [+)| MONTHS | LOW [-] | HAN=HRS
: : 441000
ES CONSTRUCTION 22% 619,530 5% 22% 67 ot T
CH CONSTRUCTION 241 154,884 0% 241 42 0t
PEAK
TOTAL 22% $774,414
'nxposxronz co8Y BCHEDULE DURATION
I1TEN HIGH [+] EBTIMATE LoW_[-] | {n1en [+]] MowTHB | LOW -]
. i
CONSTRUCTION 15% 470,000 15% 60 23%
EMPLACEMENT OPS 30% 2,210,000 15% 0t 300 9%
CARETAKER OPS 17% 340,000 7% 0% 300 0%
PEAK
DECOMMISSIONING 27% 480,000 71 100% 149 0t BTAYY
B8UBTOTAL 26% $3,500,000 13% 18% 809 5% [1:1:}
SURFACE FACIL. - 3,120,000 -
DISPOSAL CONT. - 3,300,000 -
REPOSIT. TOTAL NA $9,920,000 NA
GRAND TOTAL NA $10,694,414 NA
TOTAL EB8Y & R
U/G REPOBITORY 64,274,414
cosT : $X1000
AAARANOTEMAAGS

“+* & "~% PERCENTAGES ARE SUBJECTIVE & NOT RELATED TO STATISTICAL ESTIMATING METHODS

44 ~ DURATION [60 MONTHS]) IS TIME TO CONSTRUCT MINIMUM FUNCTIONAL EMPLACEMENT AREA

#%% -~ DURATION OF ES CONSTRUCTION IS START OF “SITE PREP" TO COMPLETION OF "EXPLORATION
DRIFTING®(ED]; CH IS FROM START OF IT’S "“ENTRY" TO COMPLETION OF “EDY.TOTAL TIME IS

THE SCHEDULE DURATION FROM START OP "SITE PREP" TO END OF LAST THE "“ED".

001307 DECo7 %30
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FSH-S0-AS-ATS Rev. 4

TASK 4 ALTERKATIVES STUDY

001309

—

DATE 12/6/90 DEC 07 Im

CASH FLow
OPTION: BT-SCENARIO 2 (No,30)
1160 1991 | 1992 | 1993 | 1o | tem 1996 | 1997 | 1998 [ 1999 | 2000 | 2001 2002 | 2003 | 2004
CONST, SUPPORT 5,300 4,634 8,306 20,600 17,472 | 11,472 11,000 11,000 11,000 11,000 11,000 | 7,000 7,000 7,000
REECO OPERATION 0 1,558 7,078 8,255 14,204 | 12,222 10,200 8,200 6,200 2,866 2,866 | 2,866 2,866 2,864
£ |LAS TEST sUPPORT A 0 0 () [} o 0 [ 0 0 0 [ 0 0
FSM/HEN DESICN 14,458 19,277 6,428 0 0 0 0 0 1] 0 0 0 [ 0
s |[si1e cowst, 0 19,268 24,401 ()} 0 o 0 0 ° 0 0 0 0 0
FIRST ENTRY 0 1] 38,899 30,545 0 0 0 0 0 0 0 0 0 0
¢ [ewiry vEs1 0 0 4,085 0 ()} 0 0 () 0 0 0 ()} 0 0
SECOMD ENTRY () [ 40,937 28,527 0 0 ()} 0 0 0 0 0 o o
EMTRY TEST [ 0 343 0 (| [} (] [ [} 0 0 0 0 0
THIRD ENTRY 0 (} 0 [ ()} 0 o 0 0 o 0 0 0 0
ENTRY TEST (} 0 0 0 0 0 0 o 0 o 0 [ 0 0
ML 0 () 0 [} 22,590 | KW, 725 7,363 0 0 0 0 0 o 0
EXPLORAT1OM 0 0 0 9,947 59,684 | 29,842 ] 0 0 0 0 0 0 0
MTL TEST DRILLING 0 0 0 0 0 15,995 1,599 g 0 0 ¢ 0 0 0
DESIGN 0 0 11,056 [ 0 0 [} [ [ [ 0 0 0 [
C {FINST ENTRY 0 0 [} 33,541 18,832 0 0 0 0 0 [} 0 0 0
EXTRY TESTING 0 0 1,754 0 0 ] 0 0 0 0 0 0 o
H [SECOND ENTRY 0 0 0 24,416 32,957 0 0 0 ° o 0 o 0 )
EXPLORATION DREFTING ° ° 0 0 24,768 | 28,892 [ 0 () 0 0 ()} 0 ]
TESTING 0 oo 118 710 710 710 710 533 0 0 0 0
SURFACE FACILITIES 0 0 [ 0 0 0 0 [ 0 0 0 0 o
R [DISPOSAL CONTAINERS [ 0 [ ( 0 0 0 0 0 0 (] 0 0 0
£ |coustauction (] 0 0 () ° 0 0 9,430 56,560 56,560 34,440 | 23,390 23,390 56,000
P |ENPLACEMENT OPERATIONS 0 0 0 0 0 0 0 o 0 0 0 0 0 0
0 [canevacer oreraTIONS () 0 ° (] 0 0 0 0 o [ 0 0 0 0
s. |oecormissiontng 0 0 0 0 0 0 0 0 0 0 0 0 0 0
£SF_cowsTRUCTIoN TOTAL| 14,458 | 38,545 | 115,001 | 69,040 | 82 274 | #0562 | 8,962 0 0 0 ) 0 0
ESF OPERATIONS TOTAL] 5,300 | 8,192 | 15,384 | 28,855 | 31,376 | 23,694 | 21,200 | 19,200 | 17,200 | 13,868 | 13,866 | 9,866 | 9,866 | 9 808
CALICO WILLS ToTAL] O [ 11,056 | 64,713 | 76,672 | 29,602 | 710 710 710 533 [} 0 0 0
reposiiony Total] o 0 [ 0 0 0 0 9,430 | 56,560 | 54,560 | 34,440 | 23,390 | 23,390 | $6,000
proJect totaL] 19,758 | 46,737 | 141,531 ] 182, 608 | 190,322 | 113,858 | 30,872 | 20,340 | 74,470 | 70,959 | 48,306 | 33,256 | 33,256 | 65,80
CIWPLETION OF ESF|OCT.2004
COPLETION OF EARLY TESTING €Sk ComstrucTion ToTAL| 388 932
TOTAL PROJECT COST AS OF 117/1995| 529,235 £SF OPERATIONS TOTAL| 227,731
COMPLETION OF LATE TESTING CALICO MILLS TotaL| 184,706
TOTAL PROJECT COST AS OF 5/1/2001 REPOSITORY TOTAL]| 259,770
896,557 PROJECT TOTAL| 1061139
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FSN-SD-AS-476 Rev, 4

} OPTION: B7-SCENARIO 2 (Mo.30)

TASK & ALTERKATIVES STWDY
CASH FLOM

176EM 2005 | 2006 | 2007 | 2008 | 2000 | 2010 [ 2011 [ 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
CoWST. SUPPORT 0 0 0 0 0 0 0 0 0 0 ° 0 0 0
REECO OPERATION 0 0 0 0 0 0 0 0 0 0 0 0 0 0
€ [LAB TEST suppoRY 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FS/HAN DESIGN 0 0 0 o 0 0 0 0 0 0 0 0 0 0
s [st7E cowst, 0 0 0 0 0 0 0 0 0 0 0 6 0 0
FIRST ENTRY 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F IENTRY TEST 0 0 0 0 0 0 1) 0 [+] 0 0 0 0 0
SECOWD_ENTAY o 0 0 0 0 0 0 0 0 0 0 0 0 0
ENTRY TEST 0 0 0 0 0 0 0 0 0 0 0 0 o} [
THIRD ENTRY 0 0 o 0 0 0 o 0 0 0 0 0 0 0
ENTRY TEST ° 0 0 0 0 0 0 0 0 0 0 0 0 0
WL 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EXPLORATION 0 0 o 0 0 0 0 0 0 0 0 0 0 0
WL TEST DRILLING 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DESIGN 0 0 0 0 0 0 0 0 0 0 0 0 0 0
¢ [rirst ewiny 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ENTRY TESTING 0 0 0 0 0 o 0 0 0 0 0 0 0 0
K [secowo ExTRY 0 0 0 o 0 0 0 0 0 0 0 o 0 0
EXPLORATION DRIFTING 0 0 o 0 0 0 0 0 0 0 0 0 0 0
TESTING 0 0 0 0 0 0 0 0 0 oo 0 0 0
SURFACE FACILITIES 0 0 0 0 13,000 73,000 78,000 78,000 78,000 78,000 78,000 78,000 78,000 78,000
t [0ISPOSAL CONTAINERS 0 0 0 0 21,833 131,000 131,000 131,000 131,000 131,000 131,000 131,000 131,000 131,000
€ |coNSTRUCT IO 216,350 216,350 214,350 216,350 180,000 0 0 0 0 0 0 0 0 0
r |EwLACEMENT OPERATIONS 0 0 0 0 4,733 88,400 88,00 88,400 88,400 88,400 88,400 88,400 88,400 88,400
0 [careTaKeR opERATIONS 0 0 0 0 0 0 3 0 0 0 0 0 0 0
s. [oEcomissionNG 0 0 oo oo 0 0 0 0 0 0 0 0
__ESF_COMSTRUCTION TOTAL| _ 0 o | o o | o o | o | o 0 0 0 0 0
" ESF OPERATIONS TOTAL| 0 0 0 0 0 0 o | o | o 0 0 0 0 0
e e et e e e e et ey e S ——— e r———— e et e
CALICO WILLS TOTAL| 0 | o [ o | o | o 0 0 o | o | o | o | o | o
REPOS1TORY TOTAL| 216,350 | 216,350 | 216,350 | 216,350 | 229,567 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400
 PROJECT TOTAL] 216,350 | 216,350 | 216,350 | 216,350 | 229,567 | 297,400 | 297,400 | 297 .400 | 297,400 | 297 400 | 297,400 | 297,400 | 297,400 | 297,400
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FSN-SD-AS-476 Rev, 4

OPTION: §7-SCENARIO 2 (Xo0,30)

TASK 4 ALTERMATIVES STUDY
CASH FLOM

LTEN 2019 | 2020 | 2020 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
CONST, SUPPORT 0 0 0 0 0 0 0 0 0 0 0 0 0 0
REECO OPERATION o 0 0 0 0 0 0 0 0 0 0 0 0 0
€ [as 1EST SUPPORT 0 0 0 0 0 0 0 0 o 0 0 0 0 0
FSM/HRN DESIGM ° 0 0 o 0 0 ] 0 0 0 0 0 (] 0 0
s |[si1€ comst. 0 0 0 o 0 0 6 0 0 0 0 0 0 0
FIRST ENTRY 0 0 0 o 0 0 0 0 0 0 0 0 0 0
¢ lewtey vest 0 0 ¢ 0 0 0 o 0 0 0 0 0 0 0
SECOMD ENTRY ° ° 0 0 0 0 0 0 0 0 0 0 0 0
ENTRY TEST 0 0 0 0 0 0 0 0 0 0 0 0 0 0
THIRD ENTRY 0 0 0 0 0 0 0 0 0 0 0 o 0 0
ENTRY TEST 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ML 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EXPLORAT 10N 0 0 0 0 0 o 0 0 0 0 0 0 0 0
WTL TEST DRILLING 0 0 0 0 0 0 0 0 o0 0 0 0 0
= JoEston 0 0 0 0 0 0 0 0 o o o 0 0 0
¢ [rinst extay 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ENTRY YESTING 0 0 0 0 0 0 0 0 0 0 0 0 0 0
] SECOND ENTRY 0 0 0 0 Q 0. 0 0 [+] 0 V] 0 0 0
EXPLORATION DRIFTING 0 0 0 0 6 0 0 0 0 0 0 0 0 0
TESTING oo 0 oo 0 0 0 0 0 °o___ o 0 0
SURFACE FACILITIES 78,000 78,000 78,000 73,000 78,000 78,000 78,000 78,000 78,000 78,000 78,000 78,000 78,000 73,000
2 [o1sPosaL conTAInERs 131,000 131,000 131,000 131,000 131,000 131,000 131,000 131,000 131,000 131,000 131,000 131,000 131,000 131,000
£ [cowsTRucTioN 0 0 0 ) 0 0 0 0 0 0 0 0 0 0
P |ENPLACEMENT OPERATIONS 83,400 88,400 88,400 05,400 88,400 88,400 83,400 83,400 83,400 83,400 88,400 88,400 88,400 88,400
0 |CARETAKER OPERATIONS 0 0 0 0 0 [+] 0 0 0 0 1] 0 [+] 0
s. |oecomissioning 0 0 0 0 0 0 0 0 0 0 0 0 0 0
———— ——
ESF CONSTRUCTION TOTAL| 0 0 __coﬁﬁ ' 0 o 0 3 ' 0 0 0 0 0|
ESF OPERATIONS TOTAL] 0 o | o o | o 0 0 0 0 0 0 0 0 0
[ B ey Pt e e
e CALICO MILLS TOTALL O 2 2 2 2 ———_L_-%ém" I o o [ ¢ |} O
REPOSITORY TOTAL| 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400
PROJECT TOTAL] 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 207400 | 297,400 | 297,400 | 297,400 | 297,400 | 297,400 | 297 400 | 297,400
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FSN-SD-AS-476 Rev, &

TASK 4 ALTERNATIVES STUDY

CASH FLOM
OPTION: B7-SCENARIO 2 (No.30)
17EM 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039 | 2040 | 2041 | 2042 | 2043 | 204k | 2045 | 2046
COMST, SUPPORT 0 0 0 0 0 0 0 0 0 0 0 0 0 0
REECD OPERATION 0 0 0 0 0 0 0 0 0 0 0 ) 0 0
LAB TEST SUPPORT 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FSM/HLN DESICN 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SITE COMST. 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FIRST ENTRY 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ENTRY TEST 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SECOND ENTRY 0 ] 0 0 0 0 0 0 0 0 0 0 0 0
ENTRY TEST 0 0 0 0 0 0 0 0 0 0 0 0 0 0
THIRD ENTRY 0 0 0 0 0 0 0 0 0 0 ) 0 0 0
ENTRY TEST 0 0 0 0 0 0 0 [1] 0 0 0 [/} 0 0
NTL 0 0 0 o 0 0 0 0 0 0 0 0 0 0
EXPLORAT1OM 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WTL TEST DRILLING 0 0 0 0 0 0 0 0 0 0. 0 0 0 0
DESIGK 0 0 0 0 0 0 0 0 0 0 0 0 0 0
¢ {rinst entry 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ENTRY TESTING 0 0 0 0 0 0 0 0 0 0 ) 0 0 0
SECOMD ENTRY 0 0 0 0 0 0 0 0 0 ) 0 0 0 0
EXPLORATION DRIFTING 0 0 (] 0 0 ) 0 0 0 0 0 ) 0 0
| resting 0 0 0 0 0 oo oo 0 0 0 0 0
| [swrace FaciLITIES 78,000 66,667 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000
r  [015POSAL COMTAINERS 131,000 109,333 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
£ {cowsTRUCTION 0 0 0 ) 0 ] 0 0 0 0 0 0 0 0
P owLACEMENT OPERATIONS 83,400 73,667 0 0 0 0 0 0 0 0 0 0 0 0
0 [careraxer operaTiONS 0 2,267 13,600 13,600 13,600 13,600 13,600 13,600 13,600 13,600 13,600 13,600 13,600 13,600
s. [pecomissioning 0 0 0 0 0 0 0 0 0 0 0 0 oo
Ese cowstrucTiow totaL] o | o | o 0 0 0 o | o | o | o | o | o | o 0
ESF_OPERATIONS TOTAL| 0 0 0 0 0 0 o | o | o | o [ o | o | o 0
CALICO KILLS TotAL] o 0 0 0 0 0 o | o | o | o | o | o [ o 0
REPOSITORY TOTAL| 297,400 | 251,933 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 24,600
PROJECT TOTAL| 297,400 | 251,933 | 24 600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600
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FSK-SD-AS-A76 Rev, &

OPTIOM: R7-SCENARIO 2 (N0.30)

TASK 4 ALTERRATIVES STUDY

CASH FLOM

t

17EM 2047 | 2048 | 2049 | 2050 | 2051 | 2052 | 2053 | 2054 | 2055 | 2056 | 2057 | 2058 | 2059 | 2040
COMST, SUPPORT 0 0 0 0 0 ) 0 0 0 0 0 0 0 0
REECD OPERATION 0 0 0 0 0 0 0 0 0 0 0 0 0 0
£ |Lan TEST Suppomt 0 0 0 0 0 0 0 0 0 0 ) 0 0 0
FSH/HIN DESICN 0 0 0 0 0 0 0 0 ) 0 0 0 0 0
s |stre cowst, ) 0 0 0 0 0 0 0 0 0 0 0 0 0
FIRST ENTRY 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F |ENTRY TEST 0 0 [ 0 1] 0 0 ] 0 (] 0 0 0 0
SECOND ENTRY 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ENTRY TEST 0 0 0 0 0 0 0 0 0 0 0 0 0 0
THIRD ENTRY 0 0 0 0 0 0 0 0 ] 0 0 0 0 0
ENTRY TEST 0 ] 0 0 ] o o ] 0 0 0 ] (] 0
WIL 0 0 0 0 0 0 0 0 0 ) 0 0 0 0
EXPLORAT 1 OM 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MTL TEST DRILLING 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DESICN 0 0 ) ) 0 0 0 ) 0 0 0 0 0 0
¢ [Fist ewtey 0 0 0 0 ) 0 0 0 0 0 0 0 0 0
ENTRY TESTING 0 0 ] 0 0 0 0 0 [} [} 0 0 o 0
W {SECOMD ENTRY 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EXPLORATION DRIFTING ] o 1] 0 0 0 1] 0 0 0 0 0 0 [+
| [resting 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SURFACE FACILITIES 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,167 11,000
n |p15POSAL COMTAINERS 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 &3 0
£ [cowstruction 0 o 0 0 0 0 0 0 0 0 0 0 0 0
P [EMPLACEMENT OPERATIONS ) 0 0 0 0 0 0 ) 0 0 0 0 0 0
0 |CARETAXER OPERATIONS 13,600 13,600 13,600 13,600 13,600 13,600 13,600 13,600 13,600 13,600 13,600 13,600 11,333 )
s. [oecormissiontng 0 0 0 0 0 0 0 0 0 6,761 40,543
=_— i — o
ESF CONSTRUCTION TOTAL a 0_ 0 Q 1] [+] 0 0 1] [+] 0
ESF OPERATIONS TOTAL ) o | o 0 0 0 0 0 0 ) 0
— = pe e e e
CALICD HILLS TOTAL | o | o | @ 0 o | o | o o [ o | o 0
REPOSITORY TOTAL| 24,600 | 24,600 | 24,600 | 24,600 | 24,600 [ 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 29,094 | 51,543
PROJECT TOTAL| 26,600 | 26,600 | 24,600 | 24,600 | 26 600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 24,600 | 29,04 ] 51,563
001313 DEC 07 1530
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FSH-SD-AS-475 Rev, A

OPTION: BT-SCENARIO 2 (Mo,30)

VASK & ALTERMATIVES STUDY

CASH FLOW

116N 2060 | 2062 | 2063 | 2064 | 2085 | 2066 | 2067 | 2068 | 2000 | 20m | 2071 | 2072 [rotats

CONST, SUPPORT 0 0 0 (] 0 0 0 0 0 1] [ 0 145,484
REECO OPERATION | o 0 0 0 0 0 0 0 o 0 0 0 82,247
€ |LAs TEST SsupPORT 0 0 0 o 0 0 0 0 0 0 0 (i 0
FSM/HLN DESIGN 0 0 0 0 (i} 0 0 0 0 0 0 0 40,181
S [SITE COMST, 0 0 0 0 0 0 0 0 0 0 0 0 43,689
FIRST ENTRY 0 0 0 0 0 0 ¢ 0 0 0 0 0 69,484
FlENTRY TEST 0 0 ] 0 0 0 0 0 0 0 0 0 4,065
SECOMD ENTRY 0 0 0 0 0 0 0 0 0 0 0 0 69,484
ENTRY TEST 0 0 0 o 0 0 0 0 0 0 0 0 343
THIRD ENTRY 0 ) 0 0 0 0 0 0 0 0 0 0 0
ENTRY TEST o 0 0 0 0 o 0 0 0 o 0 0 0
MTL ° 0 0 0 0 0 0 0 0 0 0 0 44,678
EXPLORAT 1 ON ( 0 0 0 0 0 0 0 0 0 0 0 99,474
MTL TEST DRILLING 0 0 0 0 0 0 0 0 0 0 0 0 17,5%
DESICN ) 0 0 [ 0 0 0 0 0 0 0 0 11,056
¢ [FirsT EvTRY 0 0 0 0 0 0 0 0 ) 0 0 0 57,373
ENTRY TESTING 0 0 0 0 0 0 0 0 0 0 0 ] 1,754
W |sEcowo ENTRY 0 0 0 0 0 0 0 0 o 0 0 0 57,373
EXPLORATIOM DRIFTING 0 0 0 0 0 0 0 0 0 0 0 0 53,656
TESTING 0 0 0 0 0 0 0 0 0 0 0 0 3,492
SURFACE FACILITIES 11,000 11,000 11,000 11,000 11,000 11,000 11,000 11,000 11,000 11,000 11,000 9,167 2,343,000
®  |D1SPOSAL COMTAINERS o 0 0 0 0 0 0 0 0 o 0 0 3,300,000
£ |CoMSTRUCTION ) 0 0 0 0 0 0 0 0 0 0 0 1,305,170
P |EMPLACEMENT OPERATIONS 0 0 0 0 0 0 0 0 0 0 0 0 2,210,000
0 |CARETAKER OPERATIONS o 0 0 0 0 0 0 0 () 0 0 0 340,000
S. [DECOMMISSIONING 40,563 40,563 40,563 40,563 40,563 40,563 40,563 40,563 40,563 40,563 40,563 33,803 527,324
ESF CONSTRUCTION TOTAL 0 __::ao 0 0 0 Q 0 0 0 0 0 0 388,932
ESF OPERATIONS TOTAL 0 0 0 0 0 0 0 0 ] 0 0 0 227,731

e e — Y e . ——
— CALICO HILLS TOTAL 0 __L____L. 0 0 0 1] ____(_1___ 0 __(_1____ 0 _0___ 184 706
REPOSITORY TOTAL| 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 42,969 10,025,494
ProJecT ToTAL| 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 51,563 | 42,969 10, 826,843

DEC 0 7 ,99 CLOSURE OF REPOS!TORY

00 1 3 1 /1 DATE 1276790 0 wov. 2072
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REPOSITORY DATA SHEET

COST AND STAFFING DATA OFTION NUMEBER: X
B7, SCENARIO 2
COST STAFFING
(Millicas 1989 Constant §) Tota! Mechanical Drill and Blast Peak
High Estimated Low Man-Houn Exavation  Excavation Wockf{orce
Crxt Cost Cont (Note 1) (Note 2) (Note 3) (Note 4)
Repouitory Phasc 1
Undarground
Facilitics Initial 5% $£70 5% 4,053 300 a% 4% 457
Conctruction
Sy 12zavg
Phasc 2
Emplaccoent 30% 2210 15% 34,385,500 % 04% 633
Opcratioos
25y 1033y
Phasc 3
Caretaker 17% $340 7% €355.300 0% 0% 127
Operations
25y 10z2avg
Phasc 4
Backfill and 9% 3480 7% 7,920,500 0% % 35
Czre
12y 12zavg
Total’ 2% 33,500 13% ~ 32,719500 2% 1%
Repexitory
Surface Tokal 33,120
Facilities (Source: 1990 TSLOC Case IT)
Repauitory
Disposal Total $3300
Cootainers (Source: 1990 TSLOC Cae IT)
Repauitary Graod Total 39,920
Rotex

(1) Total manhoors represcats al) iderground worken, direct sapervisors, and technica! sapport persoane] and indudes ¢ catingeney

porantage equal to what & applied (o the costs.

@) Mechasial exavation indludes TBMy, shaft drills, raise boring. and emplacement borebole drilling. Reported proportica refers W all
peraonnel that particdpetc ko the cxzavation effort (e-g., supervisons, Bippers, and Lhose prescat in the beading).

) Drill and blast excavation inclodes shafu and drift exevation. Commeat in sote 2 abot inchuded perscne ales applics,

(4) Staffing sumbers are based oo 2000 boars per full time equivalent. Peak stafTing values arc extimated se & peroentage of the sverage
safTing over the entire period.

All sumben are rounded o the nearest $10 millico.

SOURCE: {[CSUM-B1.WQ1) 05-Oa-90
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SCHEDULE

DEC 07 1990

Option Number: 30 Expected Construction Duration
(Months)
(B7, Scenario 2 High Projected Low
Repository Phase 1
Underground,
Facilities Initial 55 54 45
Construction
S yrs {4 ¢)) &)
Phase 2
Emplacement 288 282 274
Opcnations
25y @)
Phase 3
Cuaretaker 300 300 300
Opernations
25 yrs
Phasc 4
Bacill & 298 149 149
Closure
variable (7) (6)
Repository
Surface Total N/A 57 N/A
Fadilitics 3)
Notes:

(1) Duration refers to the time required to construct and prepare the
Minimum Functional Emplaccment Area.

(2) Duration refers to the time required to complete mining and
drilling of the repository to its full capacity of 70,000 MTU.

(3) Reported value applies to the time required to complete

surface facilities and begin recciving waste,

(4) Reported values take into account unforeseen interruptions and
delays in the construction of the critical openings.

(5) Reported values include additional work shifts and better
performance in the construction of the critical openings.

(6) Backfill and closure duration is restricted by ventilation capabilitics.
(7) Repository related Calico Hills backfill requirements arc not included.

SOURCE: [B7_SCH.WK1] 05-Oct-90
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ESF Alternatives Study
Data Sheets
for
Testing Input

Options 13 (B7) and 30 (B7)' J,‘

1.The testing program for the initial 17 options
(Options 1 through 17) was evaluated prior to the
addition of Options 18 through 34. This evaluation,
the evaluation for Options 1 through 17, was assumed
to apply equally to both the early Topopah Spring
testing strategy and the early Calico Hills testing
strategy. Therefore, the testing evaluation for

Option 17 is presented as part of the Option 30 data
set.

5C-44



OPTION B7

PART I

INCLUDED:

I

TEST

TEST

TEST
TEST

TEST

TEST

15-MAY-90

TEST
TEST
TEST
TEST
TEST

TEST

TEST
TEST
TEST
TEST
TEST
TEST

TEST

WBS 1.2.6

TESTING

1.

2.

3.
4.
5.
6.
7.
8.
9.
10.
11.

12.

i3.
14.
15.
l6.
17.
18.

19.

Geologic Mapping of the Exploratdry Shaft and
Drifts ,

Mineralogy and Petrology of Candidate Host
Rock

Seismic Tomography/Vertical Seismic Profiling
Shaft Convergence

Demonstration Breakout Rooms

Sequential Drift Mining

Heater Experiment in Unit Tswi

Canister ~Scale Heater Experiment

Yucca Mountain Heated Block

Thermal Stress Measurements

Heated Room Experiment

Development and Demonstration of Required
Equipment .

Plate Loading Tests

Rock-Mass Strength Experiment
Evaluation of Mining Methods
Monitoring of Ground Support Systenms
Monitoring Drift Stability

Air Quality and Ventilation Experiment

In-situ Testing of Seal Components
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TEST

TEST

TEST

TEST

TEST

TEST

TEST

TEST

TEST

TEST

TEST

TEST

TEST

TEST

TEST

TEST

IDS

15-MAY-90

WBS 1.2.6

1

INCLUDED:

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Overcore Stress Experiments in the Exploratory
Shaft Facility

Matrix Hydrologic Properties Testing

Intact-Fracture Test in the Exploratory Shaft
Facility

Percolation Tests in the Exploratory Shaft
Facility

Bulk-Permeability Test in the Exploratory
Shaft Facility

Radial Borehole Tests in the Exploratory Shaft
Facility

Excavation Effects Test in the Exploratory
Shaft Facility

calico Hills Test in the Exploratory Shaft
Facility

1
Perched-Water Test in the Exploratory Shaft \L)
Test Facility

Hydrochemistry Tests in the Exploratory Shaft
Test Facility

Diffusion Tests in the Exploratory Shaft Test
Facility

Chloride and Chlorine-36 Measurements of
Percolation at Yucca Mountain

Engineered Barrier System Field Tests

Laboratory Tests)Thermal and Mechanical) Using
Samples Obtained from the ESF

Multipurpose-Borehole Testing Near the ESF
Hydrologic Properties of Major Faults
Encountered in Main Test Level of the

Exploratory Shaft Facility

Integrated Data System
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

DATE MAY 9,1990

ESF TEST GEOLOGIC MAPPING OF EXPLORATORY SHAFTS AND DRIFTS ’
PREPARERS:

ESF Test Organization ( USGS/USBR ) Sheven 634 Eau&jkrvj

Preparer's Name

Los Alamos Test Manager's Office Ned Z. Elkins

CHECKED BY: ,
Plaek__MeLEOw) Wl Ao Uses/USBR.  Wla, 7,190
Name Signature ' Ogyhnization T (pate

TEST REFERENCE (Regulatory): /O CFR 60.2! o cfR CO. 13 ) INFe WEEDS /.6.1 1"/416071\ LG
7

TEST SUPPORTS (Check) Repository Design ( X ) Site Suitability ( X ) Both ( x )

. (Characterization)
TEST REQUIREMENTS/CONSTRAINTS:
| scp Secélon 8.3.1.4,2.2.4
SDRD Rev 1 Section B~GEQ-1 (Attached)
Other Characterjzat of S u eatures

in the Site Area (Study Plan)

CURRENT TEST LOCATION(S) (Check)
ESF Access (Shafts) ( x)

Main Test Level (x)

Exploratory Drifts ( x )
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Attachment to Testing Data Sheet DATE: May 8, 1990
TEST EVALUATION RATIONALE AND DISCUSSION
TEST NAME: UNDERGROUND GEOLOGIC MAPPING
OPTION NUMBER: B?7

1) PURPOSE OF THE TEST: To gather specific geologic information from the walls of the various ESF excavations by detailed geologic
mapping by photogrammetry and detail line surveys. Information needs: Analyses of the geology and hydrogeology, hydrogeologic
properties and conditions, including the orientation, distribution, aperture infilling and origin of fractures, discontinuities, and
heterogeneities is necessary for site characterization, and are specifically required by 10 CFR 60.2]1 for license applications. More
specifically, information obtained helps satisfy performance issue 1.6: "Will the site meet the performance objectives for pre-waste-
emplacement ground-water travel time as required by 10 CFR 60.11312," and information needs 1.6.1. through 1.6.4. The data to meet the
information needs were derived by applying performance allocation to the performance and design issues described in the SCP.

2) Mapping will be performed on all excavation surfaces (except floors) in the ESF. In machine excavated ramps, mapping will probably
be done immediately behind the tunnel boring machine. For complete photographic coverage of the excavation mapping must be done in
an area free of obstructions of the tunnel periphery. Mapping will require that the installation of chain-link fabric and/or shotcrete be
delayed until the walls of the drifts are stereophotographed.

3) The quality of geologic data in this option will be inferior to the base case as no shafts are planned. A shaft within the proposed
repository block is important to characterization of the fractures from the surface down.While a machine excavated shaft will allow collection
of large-scale fracture data, the small-scale data may be difficult and/or time consuming to obtain, Small-scale fractures will also be
difficult to obtain in machine excavated drifts. Small-scale fractures will also be difficult to obtain in machine excavated drifts. The
excavation of the ramps will however, allow mapping of the structural regime east of the proposed repository block.

4) All excavations will be fully mapped throughout the ESF.

5) Mapping in machine bored excavations will take considerably iénger than drill-blast excavations because of the difficulty of collecting
small scale fracture data in machine excavations, We estimate approximately I shift (8 hours) per 6-8 lineal feet of drift. Because of of
access to heading of the inclined drift, travel time will become a consideration in scheduling as the length of the drift increases.

6) This option is inferior to the base case because of the absence of shafts. Since the waste ramp is fairly steep, travel time to the heading

will become a consideration as the ramp lengthens. The option does, however, allow examination of the structural regime southeast of the
proposed repository block, and through the length of the center of the block. Note drawing shows three accesses (1 shaft).

Page 13 of 17
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

DATE 5'[7[70

ESF TEST MINERALOGY AND_PETROLOGY OF CANDIDATE HOST ROCK

PREPARERS:

ESF Test Organization (__ Los Alamos ) David Brosxron
Preparer's Name

Los Alamos Test Manager's Office Ned Z. Elkins
CHECKE ) & ¢
¢ - \ V
/Z;,a %4.,._._ ) il Vaimen LA L s/4/%0
~ Name Signature Oorganization [ (Date

TEST REFERENCE (Regulatory): /(OCFR GO.IS .21 ,.122

TEST SUPPORTS (Check) Repository Design ( ) Site suitability ( x ) Both ( )
(Characterization)

sote *

TEST REQUIREMENTS/CONSTRAINTS:

Scp Section _8,3.1.3.2.1.1, 8.3.1.3.2,2.3, 8.3,1.3,2.,2.1

SDRD Rev 1 Section B-GEQ-2 (Attached)
Other

CURRENT TEST LOCATION(S) (Check)
ESF Access (Shafts) ( x)

Main Test Level(Tmlus Galico Hills Tt) ( X )

Exploratory Drifts ( x)
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Attachment to Testing Data Sheet DATE: 5/2/90

TEST EVALUATION RATIONALE AND DISCUSSION
TEST NAME: Mineralogy-Petrology
OPTION NUMBER: B7

For this option, provide information supporting the evaluation of test feasibility and data
quality. This information must include specific references to the following items:
1) Purpose of the Test (Tie to issues and critical information needs, major parameters.)
2) The ability to install and conduct the test relative to BASE CASE.
3) The quality of data obtained, relative to BASE CASE.
4) Location(s) of the test relative to BASE CASE.
5) Estimate of time (Schedule) for the test, including
a) Installation
b) Initial testing
c) Longer - term test monitoring
5) Preliminary assessment of the option’s flexibility, regarding the test, to allow
expansion of the test confirmation or additional testing. This assessment should be
made relative to the BASE CASE.

This option is superior to the base case because the two inclined ramps. provide better
opportunities to characterize fault and fracture mineralogy at the site. This option is the
preferred option of Mineralogy-Petrology studies. Because vertical variations in the Topopah
Spring Member will be addressed by drill holes of the surface-based drilling program, we want to
maximize our characterization of lateral features and of vertical features (eg. faults and
fractures) poorly sampled by vertical drill holes and shafts. For these reasons, we favor use of
inclined ramps, particularly from an easterly direction, to examine vertical and lateral
variations in bulk rock and fault/fracture mineralogy. Another advantage of this option is that
it allows much greater characterization of the repository horizon (particularly away from the MTL
area) than many of the other options.

This option would be improved by adding: 1) a drift to intersect the Ghost Dance fault at a
second location, 2) a drift to intersect Solitario Canyon fault and 3) a drift NE-SW in the tuff
of Calico Hill unit (should extend Southwestwards at least until the transition from zeolitic to
vitric tuffs is penetrated). The Characterization of the Calico Hills barrier should a be major
goal of the ESF. The present option description is vague about how far workings will penetrate
the Calico Hills. We believe that ramps should not only reach the Calico Hills, but should
extend laterally as far as possible to allow examination of as much of the unit as possible.

Test schedule has minimal impact relative to Base Case.




Additional Comments about Mineralogy-Petrology Studies in the Exploratory
Shaft Facility (ESF)

The purpose of Mineralogy-Petrology studies in the ESF is to:

1. determine the vertical and lateral mineralogic, chemical, and
textural variability of the candidate host rock, ‘

2. evaluate the alteration history of the candidate host rock and the
underlying tuff of Calico Hills, and

3. determine the distribution, origin, and retardation potential of
fault- and fracture-lining minerals in the candidate host rock and tuff
of Calico Hills.

Mineralogy-Petrology studies in the ESF will complement similar studies
based on the characterization of core samples from the surface-based
drilling program and of samples from surface exposures.

Ve offer the following observations about the general features of the 17
ESF design options now under review. These observations supplement the
review sheets for the ES options and summarize our preferences for
layouts for Mineralogy-Petrology studies. We recognize the final ES
layout must satisfy the competing needs of many program participants and
appreciate the opportunity to express our needs for this facility. To
briefly summarize-and prioritize the more detailed discussion below, we
support 1) options with ramp access from the east, 2) options that
include ramp access and increased spatial access to increase sample
representativeness and 3) excavation of ramps using tunnel boring
machines and excavation of vertical shafts usimg drilling and blasting
techniques.

Vertical shafts in the ESF provide an opportunity to characterize
vertical variations in bulk rock and fracture mineralogy in the tuff of
Calico Hills. For studies of bulk rock mineralogy, chemistry, and
textures, the vertical shafts provide information that is similar in
quality and usefulness to that provided by drill holes in the surface-
based drill program. Vertical shafts can provide access to long vertical
sections of dominantly vertical fractures, enabling us to examine
vertical variations in mineralogy and percent coverage in individual
fractures. However, based on our present knowledge of fracture-
mineralogy heterogeneities, it is unlikely that information about
fracture mineralogy in the shafts can be extrapolated laterally to other
parts of the exploratory block. Should a vertical shaft(s) be a
component of the ESF, we are certainly interested in complementing the
data we expect to collect from the surface-based drilling program by
examining shaft samples. Our characterization activities will benefit
most from the continuous lateral exposures provided by inclined ramps,
particularly those that approach the potential repository horizon from
the east. These ramps will cross the complex system of faults that bound
the eastern side of the exploration block and provide a more continuous
exposure of the bedded tuffs that may form a capillarity barrier on top
of the Topopah Spring Member. We are particularly interested in the
opportunity to compare the mineralogy and chemistry of hydrogenic
deposits in the Bow Ridge fault at depth with the results of similar
studies conducted in Trench 1l4. Characterization of the Bow Ridge fault
could include construction of a drift along the fault strike and drilling
of the fault at depth. These studies will support activities attempting
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to distinguish between deep ground-water and surface-water as the
transporting medium in these deposits. 1Inclined ramps from the east also
provide an excellent opportunity to examine the imbricate fault zone for
evidence of ground water movement in fractures; evidence of fracture flow
can include direct detection of water or gels in fractures, or dating of
secondary minerals that line faults and fractures. Thorough
characterization of these largely vertical structures is best
accomplished in the subhorizontal workings of inclined ramps.

In géneral, we support the use of tunnel boring machines (TBM) over
drilling and blasting (DB) methods for the excavation of inclined ramps
and of lateral drifts at the repository level. The TBM will preserve the
. geologic features and their interrelationships in a natural state better
than the DB methods. The DB methods will disturb the drift walls and
complicate interpretation of primary features. We need access to drift
walls to conduct our studies and collect samples whether the excavation
is done by TEM or DB.

1f the ESF design includes a vertical shaft(s), the DB excavation method
is preferred to the TBM methods because access to shaft walls is limited
before a liner is emplaced; thus our studies will rely on the use of muck
samples for characterization. The elevation from which the muck samples
are derived must be well known if the shaft is to be useful for
characterizing vertical variations in rock properties. 1In addition, the
DB methods will result in the excavation of large blocks for
characterization activities. TBM methods will generally produce small
chips that are less satisfactory for testing.

Of the 17 ES layouts proposed, we are most interested in those that
incorporate a NE-SW drift that traverses the length of the exploration
block. We believe these layouts will allow a more thorough
characterization of lateral variability of the candidate host rock and a
better understanding of faults and fractures at the repository level. Ve
agree with the NWIRB's recommendation to intersect the Ghost Dance fault
in two locations; as mentioned above, there may be significant variations
in the mineralogy of the fault-lining minerals. 1In addition, we suggest
that at least one lateral drift be constructed to the Solitario Canyon
fault which bounds the west side of the exploration block.
Characterization of faults at Yucca Mountain is important because mineral
veinlets in these faults provide a record of past ground water transport
and information about the history of fault movement.

Finally, we believe the ESF design should include a provision for
characterjization of the tuff of Calico Hills. This unit is one of the
primary physical and geochemical barriers to radionuclide migration and
should be as thoroughly characterized as the candidate host rock for the
repository. From a Mineralogy-Petrology perspective, the most complete
characterization can be accomplished by a drift that extends from NE to
SW; this drift would provide access for characterization of the zeolitic
tuffs, their fracture mineralogy, and the transition zone separating the
vitric and zeolitic facies of the Calico Hills. Access ramps or shafts
to the Calicc Hills would provide opportunities to examine major
lithologic boundaries beneath the repository, including the top and base
of the vitrophyre.

5C-52
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Based on the discussion above, we believe option B7 is the layout that
provides Mineralogy-Petrology researchers the best opportunity for
conpleting comprehensive site characterization of the candidate host
rock. Possible variants of option B7, including multilevel layouts and
MIL areas located in the central or northern part of the exploration
block, are also acceptable as long as the inclined ramps from the east
and long NE-SW repository-level drift are included in the design. We
recognize the final ES layout must satisfy the competing needs of many
program participants.
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

DATE_S/3/20

ESF TEST SEISMIC_TOMOGRAPHY AND VERTICAL SEISMIC PROFILING

PREPARERS:
ESF Test Organization (USGS/Lawrence Berkeley Laboratory) %bel*:{" UW. Q " OU CP

Preparer's Name

Los Alamos Test Manager's Office Ned Z. Elkins
’
CHECKED BY:
MeRRICK S, MIMITEIELD Z2ennichn 3, YA Tpales  _USGS-WeD _5/4[90
Name Signature Organization " pate

TEST REFERENCE (Regulatory): (D clFR bo. 2!

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( x ) Both ( )

(Characterization)
TEST REQUIREMENTS/CONSTRAINTS: i
| SCP Section 8.3,1.4.2,2,5
SDRD Rev 1 Section B~-GEO=-3 (Attached)
Other
CURRENT TEST LOCATION(S) (Check)
ESF Access (Shafts) ( x)
Main Test Level ( x)
Exploratory Drifts ( x)

— - | - —




TEST EVALUATION RATIONALE AND DISCUSSION
Date: May 3, 1990

TEST NAME: Seismic Tomography and Vertical Seismic Profiling
OPTION NUMBER: 13 (B7)

1) Purpose of test: Provide information relative to the
following issues: Issue 4.4, fracture distribution, seismic
properties, relation to fracture properties; seismic shear-wave
amplitudes; seismic shear-wave polarizations; seismic shear-wave
travel times; seismic-wave propagation characteristics. Issue
4.4, geologic model synthesis, relationships among geochemical
test results, VSP fracture data, and lithologic data:
relationships among geomechanical test results, VSP fracture
data, and lithologic data.

2) Ability to conduct test: Better with two ramps over two
shafts.

3} Quality of data obtained: Better without blast damage.
4) Location(s) of the test: Provides additional data.
S) Estimate of time for test:
a) Installation: 14 days (equivalent to 7 tests).
b) Initial Testing: Five to ten hours per each test.
¢) Longer-term monitoring: None

6) Preliminary assessment of flexibility: No significant
difference from base case.
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

DATE( ézlﬂ ’22

ESF TEST SHAFT CONVERGENCE
PREPARERS:

ESF Test Organization (__SANDIA National Laboratories )iggggﬁgf;jEi;;¢é214

parer's Name/’

Los Alamos Test Manager's Office Ned Z. Elkins

CHECKED BY: /4542?7 ﬁ;:iézaég;7
Tores T+ (Geora e SWL &Y _asfyfso
Name Signature Organization Date’

TEST REFERENCE (Regulatory) : IOCFREO. 2.1

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( ) Both ( x )
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:
SCP Section 8,3.1.15.1.5.1

SDRD Rev 1 Section B-MECH=-1 (Attached)

Other Excavation Investigations (Study Plan)

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) ( x)
Main Test Level ( )
Exploratory Drifts ( )




OPTION 13 (B7)

TEST 4: SHAFT CONVERGENCE

Ability in Base Case

DATE: 5-4-90

Ability of Option With Respect
to the Base Case

Provides verification of shaft
design assumptions and early
data for model evaluation.
Convergence measurements are
planned at 3 locations incl.
PTn, TSwl, and TSw2 horizons.
Provides continuous data (MPBX)
and cross-shaft measurements at
regular time intervals. Test
also includes overcore stress
measurements and shaft liner
pressure measurements.

5C-57

Option is inferior to the Base
Case. The use of two ramps as
ESF accesses does not allow the
Shaft Convergence Experiment to
be conducted. However,
convergence measurements will be
made in each of the ramps as
part of the drift stability
monitoring experiment. Similar
types of measurements will be
made in this test, however, both
ramps are off the repository
block. The location of the
shaft, MTL, and ramp in the
south may not provide as
representative data as the NE
location owing to the
possibility of higher fracture
frequencies as can be
interpreted from surface

maps of the region (e.g. Scott

and Bonk, 1984, USGS OFR 84-094)



DATE: 5-4-90
Option 13 (B7)

Test 4 Shaft Convergence L;

N

Schedule Impact:
Installation and Initial Testing:

Shaft convergence tests will not be performed. Therefore, there
is no schedule impact.

Longer Term Test Monitoring:

Shaft convergence tests will not be performed. Therefore, there
is no schedule impact.
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DATR,S74//Gs

ESF TEST DEMONSTRATION BRRAKOUT ROOMS

ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

PREPARERS 3 .
ESP Test Organization (__SANDIA National Iaboratories ) A P
| . Prepargr's N. _
Los Alanmos Test Manager's Office Ned 2. Elkins

CHECKED BY:
W W o314 _¢y_é2_
S8ignature Organization Date

N
Dooglas A BB lorkouskip
TEST REFERENCE (Regulatory): __[0 ¢FR Set bo.21, /OCFR 60.133

TEST SUPPORTS (Check). Repository Design ( ) Site Suitabjlity ( ) Both.( x )
’ (Characterization)

TEST REQUIREMENTS/CONSTRAINTS:

sce Section e 8:3:1:19:2.5.2 0 e
SDRD Rev 1 Section ___B-MECH=2 ___  (Attached)

Other __Excavation Investigations (Study Plan)

CURRENT TEST IOCATION(8) (Check)
ESF Access (Shafts) ( x)

Main Test Level ( x)

Exploratory Drifts ( )




OPTION 13 (B7)

DATE: 5-4-90

TEST $: DEMONSTRATION BREAKOUT ROOMS

b3 se -]

Ability of Option With Respect
to the Ba

Provides verification of design
assunptions and early data for
repository drift alignment.

Data will be used to validate
numerical models used to predict
preclosure performance. Requires
installation of MPBXs and tape
extensomaeters at the working
face as the DBR ig excavated.
The DBRs will be conducted in
both Tswl and TsSw2 at the MTL.

5C-60

se Case
option is inferior to the Base
Casae. Upper DBR could not be
conducted as described in the
Base Case. Flexibility exists
to construct the upper DBR in
either ramp at TSwl, however,
the data obtained may be of
lesser quality because the ramp
iz off the repository block.
The location of the shaft, MIL,
and ramp in the south may not
provide as representative data
as the NE location owing to the
possibility of higher fracture
frequancies as can be
interpreted from surface
maps of the region (e.g. Scott
and Bonk, 1984, USGS OFR 84-094)

|



DATE: 5-15-90

OPTION 13 (B7)

TEST 5: DEMONSTRATION BREAKOUT ROOMS
Schedule Impact:

See SDRD for DBR construction schedule

If Demonstration Breakout Rooms are constructed from the.ramp,
there is potential, yet unknown impact on ramp construction.
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DATE,ng{[%ﬁj

ESF TEST _____ SEQUENTIAL DRIFT MINING

PREPARERS:

ESF Test Organization (_SANDIA National Laboratories)
Preparer¥s

Ned Z. Elk}ns

los Alamos Test Manager's Office

CHECKED BY:
4 Lnechip sz </a /0
Name Signature Organization 7 bate

A
S TEST REFERENCE (Regulatory): __IOCFR Partf fan.2(, IOCFREO- 123

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( ) Both ( x )

(Characterization)
TEST REQUIREMENTS/CONSTRAINTS: i
sSCp Section 8.3,1,15,1.5.3

(Attached)

SDRD Rev 1 Section B-MECH-3
Excavation Investiqgations (Study Plan)

Other

CURRENT TEST LOCATION(S) (Check)
ESF Access (Shafts)
Main Test Level (

Exploratory Drifts (

- -




OPTION 13 (B7)

TEST 6: SEQUENTIAL DRIFT MINING

Ability in Base Case

Provides verification of design
assumptions and estimates of
rock mass relaxation.

Data will be used to validate
numerical models used to predict
preclosure performance. Regquires
installation of MPBXs and tape
extensometer anchors at the
working face and from adjacent
drifts.

5C-63

DATE: 5-15-90

Ability of Option With Respect
to the Base Case '
Option is equivalent to the
Base Case. Test is conducted
at the MTL. Larger test
expansion area allows the
flexibility to conduct
additional Sequential Drift
Mining Experiments at the MTL
or in alcoves off the main.
The location of the MTL in
the south may not provide as
representative data as the NE
location owing to the
possibility of higher fracture
frequencies as can be '
interpreted from surface

maps of the region (e.g. Scott
and Bonk, 1984, USGS OFR 84-
094).




OPTION 13 (B7)
TEST 6: SEQUENTIAL DRIFT MINING
Schedule Impact:

See SDRD

5C-64

DATE:

5-4-90
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' DATE 3§2 22:4_&

SRy

HEATER_EXPERIMENT IN_UNIT TSwl

ESF TEST

PREPARERS: )
ESF Test Organization (__SANDIA National Laboratories) éa
Preparer's Natfie

Ned_Z. Elkins)
4

Los Alamos Test Manager's Office

CHECKED BY:
Tames 7, (Lo ‘ SVL 3/ w% ‘/A’o
Name v Signature Organization Daté
TEST REFERENCE (Regulatory): 19 CEIR Part- o, 2]

) Site Suitability ( ) Both ( x )

Repository Design (
(Characterization)

TEST SUPPORTS (Check)

&

SCp Section __8.3.1.15.1.6.1

B-MECH=-4 (Attached)

TEST REQUIREMENTS/CONSTRAINTS:

SDRD Rev 1 Section

Other

=

CURRENT TEST LOCATION(S) (Check) :
ESF Access (Shafés)
7 ¢

Main Test Level (

Exploratory Drifts




OPTION 13 (B7)

DATE: 5-15-90

TEST 7: HEATER EXPERIMENT IN UNIT TSwl

Ability in Base Case

Ability of Option With Respect
to the Base Case

Provides information on the
thermomechanical response of
high-lithophysal tuff (TSwl) to
elevated temperatures. Data will
be used to validate the
numerical models used to predict
preclosure performance. Test to
be conducted in the upper DBR
after construction is complete.
No requirement for instrument
installation prior to or during
construction.

5C-66

Option inferior to the Base
Case. Shaft accessed upper DER
will not exist. This

option allows for conducting
heater experiments in a

DBR from either ramp or in an
alcove off the ramps. The
information obtained from such
tests may be of lesser quality
because the ramps are off the
repository block.

The location of the MTL, and
ramp in the south may not
provide as representative data
as the NE location owing to
the possibility of higher
fracture frequencies as can be
interpreted from surface

maps of the region (e.g. Scott
and Bonk, 1984, USGS OFR 84-
094).



N

OPTION 13 (B7)
TEST 7: HEATER EXPERIMENT IN UNIT TSwl
Schedule Impact:

See SDRD

5C-67

DATE:

5-4-90
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DATE :iZfﬁéZQ
ESF TEST CANISTER-SCALE HEATER EXPERIMENT

PREPARERS:
SANDIA National Laboratories ﬁasllr 2;2(;;=3,1;Jézz,1/

Pfe37fer's Name J//

Los Alamos Test Manager's Office Ned Z. Elkiqp
CHECKED BY:
__Zp/o/ /Zé@/, &3 /%%//
Name Signature . organization Date
TEST REFERENCE (Regulatory): 10 CER. Part o, 2|

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( ) Both ( x )
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:
SCP Section®  8,3.1.15.1.6.2

SDRD Rev 1 Section __ _B-Mech-5 (Attached)

Other

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) ' ( )
Main Test Level ( x)
Exploratory Drifts ( )

— — =



OPTION 13 (B7)

DATE: 5-15-90

TEST 8: CANISTER-SCALE HEATER EXPERIMENT

Abjlityvy in Base Case

Ability of Option With Respect
to the Base Case

Provides information on the
thermomechanical response of
TSw2 to elevated temperatures at
the waste emplacement canister
scale. Data will be used to
validate the numerical models
used to predict preclosure
performance. Test to be
conducted in an alcove in the
MTL. No requirement for
instrument installation prior
to or during construction

5C-69

Option is equivalent to the
Base Case. Test is conducted
at the MTL. Larger test
expansion areaallows the
flexibility to conduct
additional Canister Scale
Heater Experiments at the MTL
or in alcoves off the main.
The location of the MTL, in
the south may not provide as
representative data as the NE
location owing to the
possibility of higher fracture
frequencies as can be
interpreted from surface

maps of the region (e.g. Scott
and Bonk, 1984, USGS OFR 84-
094).



DATE: 5-4-90

iy

OPTION 13 (B7)
TEST 8: CANISTER-SCALE HEATER EXPERIMENT
Schedule Impact:

See SDRD
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

ESF TEST HEATED BIOCK

PREPARERS:
ESF Test Organization (_SANDIA National Laboratories) }5223/5?- C;ZE::;‘zzég_,/
‘//Preparer's Nam

Ned Z.'g}kins

Los Alamos Test Manager's Office

CHECKED BY:
e s R 5;/7//’0
ate

bonsh,
~ —  Signature . Organization

Name

TEST REFERENCE (Regulatory): __ /2 CER Port co.2l

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( ) Both ( x )
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:
8.3.1.,15,1.6,3

SCP Section

B-MECH-6 (Attached)

SDRD Rev 1 Section

Other

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) ( )

(x)
« )

Main Test Level
Exploratory Drifts




OPTION 13 (B7)

DATE: 5-15-90

TEST 9: YUCCA MOUNTAIN HEATED BLOCK

Ability in Base Case

Ability of Option With
Respect to the Base Case

Provides information on the
thermomechanical response of
TSw2 to elevated temperatures
under controlled boundary
conditions. Data will be used to
validate the numerical models
used to predict preclosure
performance. Test to be conduct-
ed in alcove in the MTL. No
requirement for instrument
‘installation prior to or during
construction.

5C-72

Option is egquivalent to the

Base Case. Test is conducted

at the MTL. Larger test
expansion area allows the
flexibility to conduct
additional Heated Block
Experiments at the MTL or
alcove off the main. The
location of the MTL in the
south may not provide as
representative data as the
NE location owing to the
possibility of higher
fracture frequencies as can
be interpreted from surface
maps of the region (e.g.
Scott and Bonk, 1984,

USGS OFR 84-094)



S

OPTION 13 (B7)
TEST 9: YUCCA MOUNTAIN HEATED BLOCK
Schedule Impact:

See SDRD

5C-73

DATE:

5-4-90
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DATE_$7/5/22s

ESF TEST THERMAL _STRESS MEASUREMENTS
PREPARERS: .
ESF Test Organization (_SANDIA National Lgboratoéies) Zé;ﬁﬁf é?lga 5:; é%%f z
. Pyeparer's Name
Los Alamos Test Manager's Office Ned z. Elkins

CHECKED BY:
Dessle it Enlnety 2 > cZref sZ0/%0
Name // ,,,"451;;;:§Ei:§izi/ organization Date

TEST REFERENCE (Regulatory): _ /o CER Part ko, 21

TEST SUPPORTS (Check) Repository Design ( x ) Site Suitability ( ) Both ( )
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:
SCP Section 8,3,1,15.1.6.4

SDRD Rev 1 Section B-MECH-7 (Attached)

Other

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) ( )
Main Test Level ( x)
Exploratory Drifts ( )




OPTION 13 (B7)

DATE: 5-15-90

TEST 10: THERMAL STRESS MEASUREMENTS

Ability in Base Case

Provides information on the
thermomechanical response of a
the significant volume of the
repository host rock around a
the repository sized drift sub-
jected high thermal stresses. Data
will be used to validate the
drifts numerical models used to
the predict preclosure perfor-
mance. Data will also be used to
evaluate drift design and ground
support assumptions. Test is to
conducted in the lower DBR at
fracture the MTL. No requirement
for instrument installation
prior to during construction.

Ability of Option With
Respect to the Base Case

Option equivalent to the Base
Case. Test is conducted in
lower DBR at the MTL. Larger
test expansion area allows
flexibility to conduct to
additional Thermal Stress
Experiments in excavated

at the MTL. The location of
the MTL in the south may not
provide as representative
data as the NE location
owing to the be possibility
of higher frequencies as

can be interpreted from
surface or maps of the
region (e.g. Scott and Bonk,

SC-75

1984, USGS OFR 84-094)



OPTION 13 (B7)
TEST 10: THERMAL STRESS MEASUREMENTS
Schedule Impact:

See SDRD

5C-76

DATE:

5-4-90

L
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DATE 52&2@32

ESF TEST_ HEATED ROOM_EXPERIMENT

PREPARERS:

ESF Test Organization (_SANDIA National Laboratories)

Los Alamos Test Manager's Office Ned %, Elkins
CHECKED BY:
,ZZSbguézaéiafgéaééaaagr‘.jZ;Q~’<:4" 2 53" sfyé;éép
Name — Signat Organization Date
TEST REFERENCE (Regulatory): lo CER Pert. f(n.2l

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( ) Both ( x )
' (Characterization)

TEST REQUIREMENTS/CONSTRAINTS:
SCP Section _8.3.,1,15.1.6,5

SDRD Rev 1 Section B-MECH-8 (Attached)

Other

CURRENT TEST LOCATION(S) (Check)
ESF Access (Shafts) ( )

Main Test Level ( x)

Exploratory Drifts ( )




OPTION 13 (B7)

TEST 11: HEATED ROOM EXPERIMENT

Ability in Base Case

DATE: 5-15-90

Ability of Option With
Respect to the Base Case

Provides information on the
long~-term thermomechanical

the response of a repository-size
drift to thermal conditions
simulating those expected in the
repository during waste
emplacement. Data will be used
to validate the numerical

models used to predict
preclosure performance. Data
will also be used to evaluate
drift design and ground support
assumptions. Test is to be
conducted in the Sequential
Drift Mining drifts following
completion of that experiment.
There is no regquirement

for instrument installation
prior to or during construction.

5C-78

Option equivalent to the Base
Case. Test is conducted in
Sequential Drift

Mining drifts following
completion of that

experiment at the MTL. The
larger test expansion area
allows the flexibility to
conduct additional Heated Room
Experiments in specially
excavated drifts at the MTL.
The location of the MTL

in the south may not

provide as representative
data as the NE location

owing to the possibility

of higher fracture
frequencies as can be
interpreted from surface
maps of the region (e.g. Scott
and Bonk, 1984, USGS

OFR 84-094)



DATE: 5-4-90

OPTION 13 (B7)
TEST 11: HEATED ROOM EXPERIMENT
Schedule Impact:

See SDRD
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ESF TEST DEVELOPMENT AND_DEMONSTRATION OF REQUIRED_ EQUIPMENT

PREPARERS ¢

ESPF Test Organization (__ SANDIA National Laboratories )

reparer's Name

los Alamos Test Manager's Office Ned %, Elkins _
p
CHECKED BY:
Drostis A Ly Do L P2 sy Ty
Name ~ ignature Organization Date

TEST REFERENCE (Regulatory): [0 cER Partc (o122

TEST SUPPORTS (Check) Repository Design ( x ) Site Suitability ( ) Both ( )

(Characterization)
TEST REQUIREMENTS/CONSTRAINTS:
SCP Section 8.3,2,5,6
SDRD Rev 1 Section B-MECH~-9 (Attached)
Other
CURRENT TEST LOCATION(S) (Check)
ESF Access (Shafts) ( )
Main Test Level ( x)
Exploratory Drifts ( )



OPTION 13 (B7)

TEST 12:

Ability in Base Case

DATE: 5-15-90

DEVELOPMENT AND DEMONSTRATION OF REQUIRED EQUIPMENT

Ability of Option With Respect
to the Base Case

Prototypes of equipment expected
to be used during repository
operations will be demonstrated
at the MTL. No specific
locations or space requirements
are defined for this test in the
base case. It is expected that
some of the contingency space
defined for the base case will
be used for this test. The base
case does not allow for testing
and demonstration of TBMs.

5C-81

Option is superior to the Base
Case. The test is to be
conducted at the MTL. This
option allows greater
flexibility with regard to
equipment testing owing to the
greater test expansion area.
This option allows for TBM
evaluations at the repository
horizon prior to repository
development.

The location of the MTL

and ramp in the south may not
provide as representative data
as the NE location owing to the
possibility of higher fracture
frequencies as can be
interpreted from surface

maps of the region (e.g. Scott
and Bonk, 1984, USGS OFR 84-094)



DATE: 5-15-90

OPTION 13 (B7) \I/l

TEST 12: DEVELOPMENT AND DEMONSTRATION OF REQUIRED EQUIPMENT
Schedule Impact:

This experiment has no impact on schedule for this option.

-
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ESF TEST PLATE LOADING TEST

PREPARERS : ;
ESF Test Organization (_SANDIA National Laboratories) 72;t4'éF:(jf”
/ ﬁyéparer's Name

Ned Z. Elkins

Los Alamos Test Manager's Office

CHECKED BY:
Dalos A Bliokarshiy ;D,Ma// s3ce/ s‘///@
’ Name r ‘/’/,// Signature #7 Oorganization Date

TEST REFERENCE (Regulatory): _/0 CER Pact: 6o.2!

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( ) Both ( x )
- (Characterization)

TEST REQUIREHENTS/CONSTRAINTS:.
8,3.,1,15.1.7.1

B-MECH-10 (Attached)

SCP Section

SDRD Rev 1 Section

Other

e /50

CURRENT TEST LOCATION(S) (Check) . '
Resu P 07
ESF Access.LShaftsiz ’13;7 ( x)
(x)

( x)

Main Test Level

Exploratory Drifts




OPTION 13 (B7)

TEST 13: PLATE LOADING TESTS

Ability jn Base Case

DATE: 5-15-90

Ability of Option With ~J,J
Respect to the Base Case

Provides information on the rock
mass modulus for use in
numerical models. Test is
intended to be conducted in the
DBrs and at other locations

in the MTL. There is no
requirement for instrument
installation prior to or during
construction, however, small
alcoves must be provided for
fielding these tests.

5C-84

Option is superior to the Base
Case. This test will be
conducted in the upper DER,
alcoves at the MTL, in the
long exploratory drifts, and
in alcoves off the ramps

and main. The larger test
expansion area and the
presence of the ramps and
main allow the flexibility

to conduct additional plate
loading tests. The additional
testing could provide
information on the regional
variability and and
representativeness of MTL rock
mass mechanical properties.
However, plate loading tests
conducted in alcoves off the
ramps may provide information
of lesser quality because the
ramps are off the repository
block. The location of the
MTL and ramp in the

south may not provide as A
representative data as the

NE location owing to the
possibility of higher fracture
frequencies as can be
interpreted from surface maps
of the region (e.g. Scott and
Bonk, 1984, USGS OFR ‘84-094)



DATE: S5-4-9v
Option 13 (B7)

Test 13, Plate Loading Test

Schedule Impact:
Installation and Initial Testing:

The 15 plate loading tests described in the SDRD are assumed to
have no impact on facility construction. The use of a ramp
increases the amount of drifting and offers the opportunity to test
additional ground in areas adjacent to the two large diameter TBM
ramps and long exploratory drifts. To accommodate additional
testing it is necessary that alcoves be created off the main drifts
and ramps. It is anticipated that this option will require an
addition of 24 test alcoves in the ramps and 12 test alcoves off
the large diameter exploratory drift. The alcoves shall be 30 ft
deep and are expected to take 3 days to complete. The test alcoves
should be cut as soon as practical after the TBM has passed a
designated test location. The impact of alcove excavation on ramp
construction is expected to be minimal, however the time involved
in alcove construction is 3 x (24 + 12) = 108 days.

Longer Term Test Monitoring:

This is a short duration test and will not have a long term
monitoring impact.

5C-85
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DATE 552 :{_/Z:QQ

ESF TEST - 8 I
PREPARERS:

ESF Test Organization (__SANDIA Natjonal laboratorjes)

reparer's ggmé
Los Alamos Test Manager's Office Ned 2%, Elkins |

CHECKED BY:
Deles £ Lt ' W e S/ L

/4 Name Signature~” ~ Oorganlzation Date

TEST REFERENCE (Regulatory): _ /0 CF R Par€ 0,21

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( ) Both ( x)
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:
SCP Section 8,3.1,15,1.7.2
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Other
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ESF Access (Shafts) ( )
Main Test Level ( x)
Exploratory Drifts I )

- — -
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OPTION 13 (B7)

DATE: 5-15-80

TEST 14: ROCK-MASS STRENGTH EXPERIMENT

Ability in Base Case

Ability of Option With
Respect to the Base Case

Provides information on the rock
mass strength and deformability
and the normal and shear
behavior of individual intact
joints. This information will be
used to evaluate empirical and
numerical rock mass models and
to evaluate factors of scale.

No requirement for installation
of instruments prior to or
during construction. Test is to
be conducted in the lower DBR
and other locations in the MTL.

5C-87

Option is equivalent to the
Base Case. Test is to be
conducted in and the lower
DBR and alcoves at the MTL.
The larger test expansion area
allows the flexibility to
conduct additional Rock Mass
Response experiments at the
MTL. The location of the MTL
in the south may not provide
as representative data as the
NE location owing to the
possibility of higher fracture
frequencies as can be
interpreted from surface maps
of the region (e.g. Scott and
Bonk, 1984, USGS OFR 84-094)



OPTION 13 (B7)
TEST 14: ROCK-MASS STRENGTH EXPERIMENT
Schedule Impact:

See SDRD

5C-88

DATE:

5-4-90
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ESF TEST EVALUATION OF MINING METHODS

PREPARERS:
ESP Test Organization (SANDIA National Laboratories) = .
Preparer's Na

Ned Z. Elkigs

1os Alamos Test Manager's Office

CHECKED BY: .
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p—— i Organization Date

, z
Name Signature

10 CER Part o o2t

TEST REPERENCE (Regulatory):

Site Suitability ( ) Both ( )

TEST SUPPORTS (Check) Repository Design ( x )
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:
SCP Section 8,3.1.15.1.8,1
SDRD Rev 1 Section B-MECH-12 (Attached)

Other

CURRENT TEST LOCATION(S) (Check)
( x)

ESF Access (Shafts)
Main Test Level (Trcliding Testing i ( X )
(Trelding ff?usﬁ

Ca
Exploratory Drifts ( x)




OPTION 13 (B7)

DATE: 5-15-90

TEST 15: EVALUATION OF MINING METHODS

Ability in Base Case

Ability of Option With Respect
to the Base Case

Mining methods (eg drilling
rates, water useage, drill &
blast advance rates, etc) will
be documented during ESF
construction. Information will
be used by repository designers
to evaluate design assumptions.
Information will be collected
during construction of all ESF
openings and will be done
without impacting construction.

5C-90

Option is equivalent to the Base
Case. Test is to be conducted in
all ESF openings. The larger
test expansion area allows the
flexibility to monitor mining
methods in a greater amount of
drifts thereby providing a more
representative estimate for
repository construction.

No comparison of mechanical
versus drill and blast
excavation methods is possible.
The location of the MTL

and ramp in the south may

not provide as representative
data ‘as the NE location owing to
the possibility of higher
fracture frequencies as can be
interpreted from surface

maps of the region (e.g. Scott
and Bonk, 1984, USGS OFR 84-094)



OPTION 13 (B7)

TEST 15:
Schedule

See SDRD

EVALUATION OF MINING METHODS

Impact:

5C-91

DATE:

5-4-90
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ESF TEST A RO p SYSTEMS DATEJJQEZ{ZQ’
PREPARERé:
ESF Test Organization (_S ational ILaboratories) .
Preparer's ﬁifg///
los Alamos Test Manager's Office Ned 2. Elkin

~ CHECKED BY:

Nanme —  Slgnature /// 4

TEST REFERENCE (Regulatory): _[0 ¢FR Pert (o,2

Repository Design ( x ) Site Suitability ( ) Both ( )

TEST SUPPORTS (Check)
‘ (Characterization)

TEST REQUIREMENTS/CONSTRAINTS:
| SCP Section ____ 8.3,3.15.1.8,2

SDRD Rev 1 Section B~MECH-13 (Attached)

Other

CURRENT TEST LOCATION(S) (Check)
ESF Access (Shafts) ( x)

Main Test Level(—;,d““al-f@+:m;h> ( x)
o By

Exploratory Drifts ( x)

— — —




OPTION 13 (B7)

DATE: 5-15-90

TEST 16: MONITORING OF GROUND SUPPPORT SYSTEMS

Ability in Base Case

Ability of Option With Respect
to the Base Case

The performance of ground
support systems will be
monitored throughout all ESF
openings. Loads and
displacements in support
elements will be monitored.
There is a limited impact on
construction to perform these
measurements.

5C-93

Option is superior to the Base
Case. Test is to be conducted
throughout the MTL, exploratory
drifts, upper DBR, and in the
ramps and main. This option does
not allow a comparison of
support requirements between
drill & blast and TBM excavated
openings. This option does
provide the opportunity

to make rock mass measurements
in and around the faults that
the ramps and main may pass
through. In addition, the
greater-number of measurements
possible in this option would
enhance the assessment of
ground support requirements

for the repository.

The location of the MTL

and ramp in the south may not
provide as representative data
as the NE location owing to

the possibility of higher
fracture frequencies as can be
interpreted from surface

maps of the region (e.g. Scott
and Bonk, 1984, USGS OFR 84-094)



SN P, W

DATE: 5-4-90

OPTION 13 (B7)
TEST 16: MONITORING OF GROUND SUPPPORT SYSTEMS
Schedule Impact:

See SDRD
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DATE :ziégzzzj

ESF TEST M RING STABILI
PREPARERS : ' -
ESP Test Organization (_SANDIA National Laboratories) &;’f%
reparer's N
Los Alamos Test Manager's Office Ned 2. El)sins
CHECKED BY:

Ay
PP & g/

sl

Name - Signaturd /7 Organlzation " Date

TEST REFERENCE (Regulatory): lo ¢FER Partbo.zl

TEST SUPPORTS (Check) Repository Design ( x ) S8ite Suitability ( ) Both (
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:

8cp Section _ 8,3.1,15.1.8,3
SDRD Rev 1 Section B-MECH-14 (Attached)

Other
CURRENT TEST LOCATION(S8) (Check)
ESF Access (Shafts) ( )
Main Test Level(Ladudes Test g ! ( )
Lead. &(?ﬁ m‘l!: > x

Exploratory Drifts ( x)

)




OPTION 13 (B7)

TEST 17:

Ability in Base Case

DATE: 5-15-90

MONITORING DRIFT STABILITY

Ability of Option With Respect
to the Base Case

B

The performance of the under-
ground openings themselves will
be monitored using MPBXs and
tape extensometer closure pins.
Data will be used to evaluate
design assumptions. Requires
installation of some of the
instruments at the working face
both in the MTL and in the long
exploratory drifts.

Option is superior to the Base
Case. Test is to be conducted
in the MTL, upper DBR, long
exploratory drifts, and in the
ramps and main. This option does
not allow a comparison of the
performance of underground
openings excavated using drill
and blast and mechanical
excavation methods. This option
does provide the opportunity

to make rock mass measurements
in and around the faults that
the ramps and main may pass
through. In addition, the
greater number of measurements
possible in this option would
enhance the assessment of drift
stability for the repository.
The location of the MTL

and ramp in the south may not
provide as representative data
as the NE location owing to

the possibility of higher
fracture frequencies as can be
interpreted from surface

maps of the region (e.g. Scott
and Bonk, 1984, USGS OFR 84-094)

iy
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DATE: 5-4-90
oOoption 13 (B7)

Test 17, Monitoring Drift Stability

Schedule Impact:
Installation and Initial Testing:

The base case called for approximately 50 TE stations and the 50
MPBX’s at the main test level. The use of two access ramps and a
long exploratory drift increases the amount of drifting that must
be instrumented. It is anticipated that an additional 90 TE

stations and 48 MPBX’s must be installed, yielding a total of 140
TE stations and 98 MPBX‘s. 2.0 hours are needed to install and
obtain the initial reading at each TE station. 12 hours are needed
to drill and install each extensometer. The total schedule impact
is 2.0 x 140 + 12 x 98 = 1456 hours.

Longer Term Test Monitoring:

Each of the installed closure stations must be monitored daily
for the first 25 days after construction, and weekly thereafter.
It is likely that the TE readings during the 25 days following
installation will impact construction. The weekly readings that
follow will not impact the construction schedule. The time
required to read each station is 0.25 hours. With 110 statioens,
the total construction impact is 0.25 x 25 x 140 = 875 hours.

5C-07



86-0¢

ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT
DATESiZ%ég%Q

ESF TEST AIR QUALITY AND VENTILATION
PREPARERS ¢

ESF Test Organization (_SANDIA National Laboratories)

Ned Z. Elkins

. o
eparer's Naﬁj///
Los Alamos Test Manager's Office i

CHECKED BY:
- '74;5;;7 égzgiggilion f%,ié?é%?

,7
@AS 4 ?Aﬂ /(mgé ’/j "“/ Signature

TEST REFERENCE (Regulatory):

[ ¢ER Port 6 o.74, 10CERCO. 133

TEST SUPPORTS (Check) Repository Design ( x ) Site Sujtability ( ) Both ( )
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:
ScP Sectiorl ___ 8.3.1,15.1.8.4

B-MECH=-1% (Attached)

SDRD Rev 1 Section

Other
CURRENT TEST LOCATION(S) (Check)
ESF Access (Shafts)

Main Test chel@«t.dc.s Testiw '-> ( x)
lico Hill> K
( x)

' ( x)

Exploratory Drifts

— — -




OPTION 13 (B7)

DATE: 5-4-90

TEST 18: AIR QUALITY AND VENTILATION EXPERIMENT

Ability in Base Case

Ability of Option With Respect
to the Base Case

Measurements of dust generation,
radon concentrations, air
temperatures, air velocities,
and air humidities will be made -
throughout the ESF to evaluate
ventilation design assumptions.
Measurements will be made
without impacting construction.

5C-99

Option equivalent to the Base
Case. Test is to be conducted
at the MTL and in the long
exploratory drifts. The location
of the MTL in the south may not
provide as representative data
as the NE location owing to the
possibility of higher fracture
frequencies as can be
interpreted from surface

maps of the region (e.g. Scott
and Bonk, 1984, USGS OFR 84-054)



DATE: 5-4-9¢

OPTION 13 (B7)

TEST 18: AIR QUALITY AND VENTILATION EXPERIMENT
Schedule Impact:

See SDRD
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DATEhgzzéza

ESF TEST ——IN=8SITU TESTING OF SEAI, COMPONENTS
PREPARERS: _ |
ESF Test Organization (_SANDIA National Laboratories) Ff%& M‘/
reparer's Na/m/

Ned Z, Elkins

Los Alamos Test Manager's Office

CHECKED BY: ’
L AT 52 57,
organization ate

Name ‘ Signature” ~
1

TEST REFERENCE (Regulatory): _ /o CFR _fat.:t‘f_(fze.l}"'f

TEST SURPORTS (Check) Repository Design ( x ) Site Suitability ( ) Both ( )
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:

SCP Section _____8,3,3.2.,2.3

B~SEAL~] (Attacheaq)

SDRD Rev 1 Section

Other

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) ( x)

( x)
« )

Main Test Level
Exploratory Drifts




OPTION 13 (B7)

TEST 19: IN SITU TESTING OF SEAL

Abilitv in.Base Case

DATE: 5-15-90

COMPONENTS

1

Ability of Option With Respect
to the Base Case

Large-scale seal tests are
planned for the MTL. Specific
locations are not defined, but
plans are to perform these tests
in the contingency space.
Specifics of the test are not
defined at this time.

No impacts on construction are
expected.

Option is superior to the Base
Case. Test is to be conducted at
the MTL. Larger test expansion
area allows the flexibility to
conduct additional seal tests at
the MTL. The presence of the TBM
ramp allows for the flexibility
to conduct seal tests in TBM
excavated drifts at the base of
the ramp or the main which could
provide information on sealing
requirements for repository
ramps.

The location of the MTL

and ramp in the south may not
provide as representative data
as the NE location owing to the
possibility of higher fracture
frequencies as can be
interpreted from surface

maps of the region (e.g. Scott
and Bonk, 1984, USGS OFR 84-094)

JJJ
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DATE: 5-4-90

OPTION 13 (B7)
TEST 19: IN SITU TESTING OF SEAL COMPONENTS
Schedule Impact:

See SDRD
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_-—LDATE J@ 20

ESF TEST OVER \ STS IN THE ES
PREPARERS:
ESF Test Organization ( USGS ) F 7. z&:.;_,
) Preparer's Name
Los Alamos Test Manager's Office Ned Z. Elkins
CHECKED BY: -
__hENRI S, Swores ‘ M 4 SES st/
Name Signature & Organization Date

TEST REFERENCE (Regulatory): _ [OCFREQD- 2]

TEST SUPPORTS (Chéck) Repository Design ( ) Site Suitability ( ) Both ( x )
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS: .
SCP Section 8,3,1,15,2.1,2

SDRD Rev 1 Section B-MECH-16 (Attached)
Other Characterization of the Sjite Ambient

Stress_Conditions (Study Plan)
CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) ( %)
Main Test Level ( x)
Exploratory Drifts ( )



OfthAl}
37

The purpose of the Overcore Stress Test is to determine the
complete in situ state of stress above, within ,and below the
repository host rock. This is in response to information needed
for Issue 1.3.

Time required for this test is estimated as 2 days per test site

(location) in addition to time required for drilling the
borehole.

5C-105
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United States Department of the Interior i
b
GEOLOGICAL SURVEY ES———— !
BOX 25046 M.S. 966 r— )
DENVER FEDERAL CENTER

DENVER, COLORADO 80225 .
W REPLY REFER 10 0/ Clesn 3
May 3, 1990 ?
QA: n/a

wBs: 1.2.3.2.7.201

Memorandum
To: Robert W. Craig
USGS/YMP Coordinator
Majil Stop 421
From: F.T. Lee
PI/Overcore Stress Test, YMP
Subject: Review of ESF .Alternatives Study

I have reviewed the following conceptual ESF excavation alternatives: Base

Case, Al, A2, A4, AS, A7, B3, B4, B7, B8, Cl, C4, and Rll. Based on my reviev

of these conceptual schemes and on a consideration of the overcore stress test »
method, it would appear that all the options presented can satisfactorily
accormodate this test. At the level of detail presented, there is no obvious
advantage or disadvantage of any option relative to the "Base Case.”

Sincerely,

rincipal Investigator

Enclosures

5C-106



United States Department of the Interior N mm—

GEQOLOGICAL SURVEY e ————
BOX 25046 M.S. 966 S
DENVER FEDERAL CENTER
DENVER, COLORADO 80225 /DT
IN RIFLY RETIR TOn o (‘14,\ /3
May 10, 1990 57
QA: =n/a

WBS: 1.2.3.2.7.2.1

Memorandum

To: Robert W. Craig
USGS/YMP Coordinator
101 Coavention Center Drive, Suite 860
las Vegas, Nevada 89109

From: FoTe Lee 7/ -
PI/Overcore Streis Test, TP

Subject: Additional comments on the ESF Alterpatives Study

In response to our phone conversation on May 7, 1990, concerning
the excavation alternatives for the EST, those ramp and long drif:
options that expose more of the test block than other excavation
options might provide more attractive in situ stress measurement
opportunities. This would become & viable consideration if the
present study plan was expanded to allow additional stress-
measurenent locations,

beec: ACCRF
GRA (3)
Keefear
Jibson
Chron
Fllee:bg

5C-107
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w e — e —— w
paTE S/2/%0

ESF TEST MATRIX_HYDROLOGIC PROPERTIES TESTING

PREPARERS :

ESF Test Organization ( uses ) _ Ravect W, Qrorq
Preparer's Name’

Los Alamos Test Manager's Office Ned 2, Elkins
CHECKED BY:
1TEL Orpnnpct 8. UALZY. USGS_\WRD _5/4a[q0
Name Signature Oorganization Date
TEST REFERENCE (Regulatory): O CER &o- 113
TEST SURPPORTS (Check)' Repository Design ( ) Site Suitability ( x ) Both ( )
’ '~ (Characterization)
TEST REQUIREMENTS/CONSTRAINTS:
scp Section ____8,3.1.2.2.3.1
SDRD Rev 1 Section B-HYD~-1 (Attached)
Other
CURRENT TEST LOCATION(S) (Check)
ESF Access (Shafts) ' ( x)
Main Test level ( x)
Exploratory Drifts ( x)



TEST EVALUATION RATIONALE AND DISCUSSION
Date: May 2, 1990

TEST NAME: Matrix Hydrologic Properties Testing
OPTION NUMBER: 13 (B7)

1) Purpose of test: Provide information relative to the
following issues: Issue 4.4, unsaturated-zone transmissive
properties, permeability, effective, hydraulic, matrix
(subsurface geologi¢ properties); permeability, relative,
hydraulic, matrix (subsurface geologic properties). 1Issue 1.6,
unsaturated-zone storage properties, matrix pore-size
distribution (subsurface geologic samples); porosity (subsurface
geologic samples). Issue 1.6, unsaturated-zone fluid potential,
matric potential (subsurface geologic samples); water potential
(total) (subsurface geologic samples). Issue 4.4, unsaturated-
zone moisture conditions, moisture content (volumetric)
(subsurface geologic samples); water content (gravimetric)
(subsurface geologic samples). 1Issue 4.4, unsaturated-zone fluid
flux, vapor flux; water flux.

2) Ability to conduct test: Provides opportunity for a large
quantity of samples in the vertical and lateral directions.

3) Quality of data obtained: Data quality is similar to base
case.

4) Location(s) of the test: Collection is conducted in all
excavations.

5) Estimate of time for test:

a) Installaticon: Estimate two hours drilling time at each
sampling location in ramp and TBM drifts. Estimate a corehole
every 25 ft. in ramp and TBM drifts.

b) Initial Testing: NA
c) Longer-term monitoring: NA

6) Preliminary assessment of flexibility: Ability to collect
additional samples is very good.

5C-109
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DATES->- 70

ESF TEST - N SF
PREPARERS: .

ESP Test Organization ( USGS ) 68”"7 R. Sevierspr—

/" Preparer's Name

Los Alamos Test Manager's Office Ned Z. Elkins

CHECKED BY: ,
o) T~ g e Uss sl ply ol
Name Signagure . Organization Daté

TEST REFERENCE (Requlatory): _ /OCFR 60.1¢3

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability (x) Both ( )

. b (Characterization)

TEST RBQUiREHENTS/CONSTRAINTS:
SCP Section 8:3,1:2:.2.4.1
SDRD Rev 1 Section B-HYD-2 _ (Attached)
Other

CURRENT TEST LOCATION(S) (Check)
ESF Access (Shafts) ( x)
Main Test Level ( x)
Exploratory Drifts ( )
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DATE:_ 3 MAY 1990

TEST EVALUATION RATIONALE AND DISCUSSION
TEST NAME: Intact-Fracture Test in the Exploratory Shaft Facility
OPTION NUMBER: B7

Purpose of Test

Rock core samples are to be collected of naturally occurring fractures in the ESF, MTL, and drifts for
laboratory tests. Core samples of axial (fracture parallel to core axis) and radial (fracture perpendicular
to core axis) fractures will be collected from the Tiva Canyon, Pah Canyon, and Topopah Spring members of
the Paintbrush Tuff stratigaphic unit and from the Calico Hills stratigraphic unit (if penetrated). Twelve
samples of each orientation will be collected from the four different rock types.

Rationale and Discussion

Not familiar enough with sampling fractures from rock surfaces excavated with TBM.

Schedule

Prototype Sampling Methods Test which supports above test has not been completed to the satisfaction of the
test Co-Investigators. Prior to sampling the fractures, the area would be mapped and fracture planes evalu-
ated as to their potential for sampling. Actual fracture sampling could take approximately four hours per
core sample.




[4350]Y

ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

e

o L R ——
) DATE_Any 71,1440
ESF TEST PERCOLATION TEST IN THE ESF
PREPARERS :
ESF Test Organization ( USGS ) Enwann Kw\u(\.\{
Preparer's Name
Los Alamos Test Manager's Office Ned Z. Elkins

D BY:

éﬂ/u/ A /fzwééxf é/ 26 Q »J////é« 56 9////@//1//7/ /%

Name

signature’ organization Date

TEST REFERENCE (Regulatory): _[DCFRE0O.11]

TEST SUPPORTS (Check)

Repository Design ( ) Site Suitability ( x ) Both ( )
. (Characterization)

TEST REQUIREMENTS/CONSTRAINTS:

£\
SCP Section 8,3,1,2,2.4,2
SDRD Rev 1 Section B-HYD-3 (Attached)

Other

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) ( )
Main Test Level ( x)
Exploratory Drifts ( )

— —



1.

TEST EVALUATION RATIONALE AND DISCUSSION
TEST NAME: PERCOLATION TEST IN THE ESF DATE: May 7, 1990
OPTION NUMBER: B7

Purpose of the test (tie to issues and critical information needs, major

parameters).

The objective of this activity i{s to provide experimental data against
which the validity of numerical and conceptual models dealing with flow and
transport in unsaturated fractured rock can be tested.

The ability to install and conduct the test relative to BASE CASE

3.

The ability to install and conduct the test relative to the base case is
unchanged

The quality of data obtgined. relative to BASE CASE.

The quality of data relative to the base case may be improved, because

this option avoids drilling and blasting at the main test level, and so blast-
induced fracturing of the experimental block will not be a concern. For
instance, with mechanically excavated drifts, we are not introducing
unmineralized fractures into a block in which all natural fractures contain

mineral coatings or clays.

4.

Location(s) of the test relative to BASE CASE.

5.

The location is qualitatively equivalent to that of the base case.

6.

Estimate of time (Schedule) for the test, including
(a) Installation '

Unchanged relative to the base case.

{(b) Initial testing

Unchanged relative to the base case.

(c) Longer term test monitoring

Unchanged relative to the base case.

Preliminary assessment of the option's flexibility, regarding the test,

to allow expansion of the test confirmation or additional testing. This
assessment should be made relative to the BASE CASE.

Unchanged relative to the base case.

5C-113
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DATE &5 é{/ 72

ESF TEST BULK-PERMEABILITY TEST IN THE ESF

PREPARERS ¢

ESF Test Organization ( USGS__ ) &)’0/ f gﬂl{;?/ 7' 24

Preparer's Name

1os Alamos Test Manager's Office ed Z, Blkins
CHECKED BY:
MERRICK S WHTEIELD ZZernechh 8 UL sl USGS \WeD 5/4/q0
Name Signature = organization "pate
TEST REFERENCE (Regulatory): locFREo. (1

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( x ) Both ( )

(Characterization)
TEST REQUIREMENTS/CONSTRAINTS:
SCP Section 8,3,1.2.2,4,3
SDRD Rev 1 Section B-HYD-4 (Attached)
Other
CURRENT TEST LOCATION(S) (Check)
ESF Access (Shafts) ( )
Main Test lLevel ( x)
Exploratory Drifts ( x)
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Attachment to Testing Data Sheet DATE: 5/2/90

TEST EVALUATION RATIONALE AND DISCUSSION
TEST NAME: Bulk-Permeability Test in the ESF
OPTION NUMBER: B7

For this option, provide information supportiﬂg the evaluation of test feasibility and data quality. This
information must include specific references to the following items:

1)
2)
3)
4)
3)

6)

Purpose of the Test (Tie to issues and critical information needs, major parameters.)

The ability to install and conduct the test relative to BASE CASE.

The quality of data obtained, relative to BASE CASE.

Location(s) of the test relative to BASE CASE.

Estimate of time (Schedule) for the test, including

a) Installation

b) Initial testing

¢) Longer-term test monitoring

Preliminary assessment of the option‘’s flexibility, reparding the test, to allow expansion of the test
confirmation or additional testing. This assessment should be made relative to the BASE CASE.

1. To conduct air permeability testing for determination of scale at which fractured, welded tuff acts as a
representative elementary volume (REV)., This information will be used in conjunction with SCP Study
8.3.1.2.2.8, Conceptual and Numerical Modeling of Unsaturated Fractured Rock Hydrology, and SCP Study
8.3.1.2.2.9, Site Scale Unsaturated Zone Modeling, The result of all of these studies will be
incorporated into Performance Assessment Ground Water Travel Time Issues.

2. The ability to map fractures on the machine bored face is questionable and will reduce the ability of
investigator to galn best possible understanding of the three dimensionality of the test site.

& W

Data quality reduced because of less detailed fracture data.
Locations of similar quality.

5. a) Six months per test times four sequential tests.
b) Included in a) above.
c) No long-term tests are currently planned.

6. Less flexlbility because of reduced fracture data..
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DATE 4223{2

ESF TEST ___ RADIAL BOREHOLE_ TESTS IN THE ESF
PREPARERS:

ESF Test Organization ( USGS ) @\Q\pe%t \A) C,m...\ ¢t

Preparer's Name-
1os Alamos Test Manager's Office Ned Z. Elkins
,
CHECKED BY:
NAERRICK G, WINTEELD 2ntevie S 3 2UR . P Lol USGS - \MR D 5/2l90
Name Signaturé Organization "Date

TEST REPERENCE (Requlatory): [N CFRGO-{>

TEST SUBPORTS (Check) Repository Design ( ) Site Suitability ( x ) Both ( )

(Characterization)
TEST REQUIREMENTS/CONSTRAINTS:
SCP Section 8.,3,1.2,2,4.4
SDRD Rev 1 Section B-HYD=-5 (Attachedq)
Oother characterization of the Yucca Mountain

Unsaturated Zone (Study Plan)

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) (x)
Main Test Level ( )
Exploratory Drifts ( )



TEST EVALUATION RATIONALE AND DISCUSSION
Date: May 7, 1990

TEST NAME: Radial Boreholes Tests in the ESF
OPTION NUMBER: 13 (B7)

1) Purpose of test: Provide information relative to the
following issues: Issue 4.4, unsaturated-zone transmissive
properties, bulk permeability; bulk permeability, pneumatic; bulk
porosity, fracture permeability; gas permeability, excavation
effects;permeability (pneumatic) bulk, fractured rock:
permeability (relative), gas (rock matrix); permeability
(relative), water (rock matrix); permeability (saturated), gas
(rock matrix). Issue 1.6, unsaturated-zone storage properties,
moisture retention, rock matrix; porosity pore-size distribution,
matrix; porosity, bulk, fractured rock:; porosity, matrix. Issue
1.10, unsaturated-zone dispersive properties, diffusive
tortuosity, fractured rock and rock mass. Issue 1.6,
"unsaturated-zone fluid potential, matric potential, fractured
rock and rock mass;pneumatic potential, distribution:; water
potential (rock matrix), total fractured rock. Issue 4.4,
unsaturated-zone fluid chemistry, temperature, and age, pore gas,
composition; radioactive isotopes; stable isotopes; temperature,
fractured rock. Issue 4.4, unsaturated-zone moisture conditions,
water content (gravimetric), rock mass; water content
(volumetric), rock mass.

2) Ability to conduct test: Ramps wonld require redesign of
borehole configuration and would incorporate part of the
excavation effects testing presently  being conducted under the
Excavation Effects Test. Tests would be conducted off the block
because of ramp locations. Representativeness may be in
guestion.

3) Quality of data obtained: Representativeness may be
questionable, other data quality about the same as base case.

4) Location(s) of the test: Locations would be off the block.
5) Estimate of time for test:

a) Installation: One shift for each initial air-permeability
test; three shifts for long term monitoring instrumentation.

b) Initial Testing: Air-permeability testing estimated to
take one shift each test.

c) Longer-term monitoring: Monitoring for at least two-to-
three years. ‘

6) Preliminary assessment of flexibility: Ramps are probably

more flexible in terms of conducting the test, but location off
the block is a potential problem.

5C-117
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT
DATEC4 Mey 1990

= —

ESF TEST
PREPARERS:
ESF Test Organization (

Preparer's Name

Inc Alamos Test Manager's Office

?Z/a/ 7T ﬂ'mv/z@r %/fdww&fz yﬁgfq{nﬂg{ﬁ{f’ 4;4 e/f

tur

(0 CFR 69- 2|

TEST REFERERCE (Requlatory):

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( ) Both ( x )
* ' (Characterization)
TEST REQUIREMENTS/CONSTRAINTS:
SCP Section 8:,3:1:2:2:4.%
P-HYD-6 (Attached)

SDRD Rev 1 Section

Other __ Characterization of the Yucca Mountain_
ggsagurg‘g_e_g ZOQQ ‘SL'UQX Elan[

CURRENT TEST LOCATIOR(S) (Check)
( x)

ESF Access (Shdtts)
Hain Test level
Exploratory Drifts

( x)
( )

— —




DATE: 04 May 1990
TEST EVALUATION RATIONALE AND DISCUSSION

TEST NAME: EXCAVATION EFFECTS TEST IN THE ESF
OPTION NUMBER: B7

1. purpose of test
To estinate changes in fractured rock permeabllity that could be accributed
to measurable changes in ground stress around the shafc due to excavacion
and lining (if applicable). The measured data will be used to callbrace
& coupled hydrologic-mechanical model to predict changes in fractured rock
permeadllity around differenc openings within the reposlitory area.

2. ability to conduct test relative to BASE CASE
Test can be conducted around elther ESF access no. 1 or 2.

3. quality of data relative to BASE CASE

Blast damage won’'t have co be assessed, and variabllicy In the daca vlll,
most llkely, ba m{nlmizad (which {5 an advantage).

4. location of test relative to BASE CASE
Iwo different locations, at etwo different depths in the Topopah Spring
velded unit will be required. Space as described in the BASE CASE will hava
co be provided for drilling boreholes.

S. estimete of time

(a) installation: one month

(b) inftial cesting: cne month at each level (location) or after the
excavation 1s past the deepest monitoring gone.

(c) long-term testing and monitoring: Monitoring will continue until the
lining (if epplicable) is past the deepest monitoring zone.

6. azsessment of option flexib{lity relative to BASI CASE

This option 1s more flexible than the BASE CASE since two ESF access
openings are made available for scientific investigations.
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

e s s mrm—
DATE_5/2/7,
ESF TEST CALICO HILIS TEST IN THE ESF
PREPARERS ¢
ESF Test Organization ( USGS ) thgrs . Qto-lg
Prepartr's Name
los Alamos Test Manager's Office Ned Z. Elkins
CHECKED BY:
O2ERRICK S, WHITEIELD Zronncelo8 2R L) 0o Uses.weo _S/also
Name Signature Organization Date
TEST REFERENCE (Regulatory): 16 CER 60. //}

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( x ) Both ( )
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:

£
SCP Section 8,3.1.2.2,4,6
SDRD Rev 1 Section B-HYD-=7 (Attached)

Other

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) ( )
Main Test Level ( x)
Exploratory Drifts « )

— = —

N — - —



TEST EVALUATION RATIONALE AND DISCUSSION
Date: July 17, 1990

TEST NAME: Calico Hills Test in the ESF

OPTION NUMBER: B7

1) Purpose of test: Provide information relative to the following
objectives: 1) determine the hydrogeologic properties and
conditions of layers and fractures within the Calico Hills
nonwelded unit; 2) determine if perched water exists at or near the
contact between the Topopah Spring welded unit and the Calico Hills
nonwelded unit,; and 3) investigate the permeability and flow
conditions of the Ghost Dance fault where it transects the Calico
Hills unit.

2) Ability to conduct test: Same as base case.
3) Quality of data obtained: Same as base case.

4) Location(s) of the test: Test locations are adequate to meet
the objectives of the test. :

5A) Estimate of time for test at each intersection of a major
fault:

a) Installation: Time required to drill a 200-ft 1long
near-horizontal borehole for temperature measurements. At later
date, four 50-ft long inclined coreholes will be drilled for
air-permeability testing and long-term monitoring. In total, five
boreholes will be drilled at each intersection of a major fault.

b) Initial Testing: Time required for temperature logging is
estimated at 4 hrs. per log. The first temperature log will be run
soon after drilling, further logs will be run at intervals of one
or two days initially, and weekly thereafter until effects of
drilling have subsided and effects of ventilation of the drift are
detected. Air-permeability testing, including cross-hole tests,
will require approximately two to four weeks. None of these
tests should require any stoppage in construction if reasonable
access is provided.

c) Longer-term monitoring: Long-term monitoring will be
conducted for a minimum of two years. Periodic access is required
for equipment maintenance.

SB) Estimate of time for test at the transition zone of welded and
nonwelded units:

a) Installation: Time required “to drill two 30-ft long
horizontal boreholes for cross-hole testing. One day for
installation of initial instruments.

b) Initial Testing: Time required is estimated to be 15 days.

c) Longer-term monitoring: Long-term monitoring will be
conducted for a minimum of two years. Periodic access-is required
for equipment maintenance.

6) Preliminary assessment of flexibility: Option has adequate
flexibility for additional testing-if required.
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

DATE_S -1 90

ESF TEST PERCHED_WATER_TEST IN THE_ESF
PREPARERS:

ESF Test Organization ( USGS ) Machue\ P CHorn Bic\S

Preparer's Name

Los Alamos Test Manager's Office Ned Z. Elkins

CHECKED BY: .
MERRICK WHITFIELD 27onaclh 240 el 2 USGS. wep  _ S5/1[%0
Name Signature’ organization “pate

TEST REFERENCE (Regqulatory): [ DCERGo-/)3

TEST SURPORTS (Check) Repository Design ( ) Site Suitability ( x ) Both ( )
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:

SCP Section 8.3,1.,2.2.4,7
SDRD Rev 1 Section B-HYD-8 (Attached)

Other Characterjzation of the Yucca Mountain
Unsaturated Zone (Study Plan)

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) ( x)
Main Test Level ( x)
Exploratory Drifts ( x)




TEST EVALUATION RATIONALE AND DISCUSSION

TEST NAME: Perched Water Test in the ESF DATE: May 7, 1990
OPTION NUMBER: 13 (B7)

For this option, provide information supporting the evaluation of
test feasibility and data quality. This information must include
specific references to the following items:

1) Purpose of the Test (Tie to issues and critical information
needs, major parameters.)

Detect the occurrence of any perched-water zones.

Estimate the hydraulic properties of the zones (transmissivity,
hydraulic conductivity, and hydrauvlic head and storage
coefficient).

Determine the implication of the existence of such zones on flux,
flow paths, and travel times.

2) The ability to. install and conduct the test relative to BASE
CASE.

Equivalent to BASE CASE

3) The quality of data obtained, relative to BASE CASE.

Inferior to the BASE CASE since the 2 rampeé will not penetrate much
of the volcanic section directly overlying the ESF. The occurrence
of perched water and the implications on flux, flow paths, and
travel times at the ESF site could be overlooked. The use of TBM
could delay the recognition of any perched-water zones encountered.

4) Location(s) of the test relative to BASE CASE.
To the north and east of BASE CASE locations.

5) Estimate of time (Schedule) for the test, including

a) Installation Depends on character of perched water
encountered. :

b) Initial Testing Depends on character of perched water
encountered.

€) Longer - term test monitoring Depends on character of
perched water encountered.

6) Preliminary assessment of the option's flexibility, regarding
the test, to allow expansion of the test confirmation or
additional testing. This assessment should be made relative
to the BASE CASE.

Inferior to BASE CASE
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- pDATE S-¥-799

ESF TEST HYDROCHEMISTRY TESTS IN THE_ESF

ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

PREPARERS:
ESP Test Organization ( UsGs ) C/lqr/(J’ A . Feters
Preparer's Name
Los Alamos Teat Manager's Office Ned Z, Elkins
CHECKED BY:
Ty _Che Yasp A AL ?/ USES Moy 7, /750
Name’ [ Signature / Oorganization [bate

TEST REFERENCE (Regulatory): _[0CFR &0, /13

TEST SUPPPRTS (Check) Repository Design ( ) Site Suitability ( x ) Both ( )
(Characterization) '

TEST REQUIREMENTS/CONSTRAINTS:
SCP Section 8,3,1,2,2,4,8

SDRD Rev 1 Section B-HYD-9 (Attached)
Other __ _Charactejzat t

__Characteization of the Yucca Mountain
Unsaturated Zone (Study_ Plan)

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) ( x)
Main Test Level ( x)
Exploratory Drifts ( x)
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UNITED STATES GOVERNMENT
i N EEIY]
\ RN
DATE: MAY 7, 1990

REPLY TO
ATTN OF: C. A. Peters, Hydrologist

SUBJECT: UZ Hydrochemistry Test Input for ESF Alternatives
T0: Hemi Kalia
THROUGH: Al Yang

I believe that any of the proposed 17 options could provide the
test locations required for the UZ Hydrochemistry tests. In making this
determination 1 am assuming that any of the ramps mentioned in the 17
options will penetrate all of ehe geologic units that the base case
shafts penetrate, and that all options will allow future penetration
~f the Calico Hills for study.

I have evaluated each of the options based on:“i1) the ability to
provide gas samples from all geologic units; (2) the ability to obtain
rock core samples from three mutually perpegndicular directions; (3) the
ability to provide pre-construction effect gas samples; (4) the abfility
to provide core samples from the wettest zones encountered; (5) the
ability to sample gaseé and pore water from near major faults; (6)
the ability to provide adequate vertical and horizontal control for
Eas and'pore water samples; (7) whether or not the prototype tests being
presently done would be needed; and (8) the ability to utilize formerly
drafted and approved study plans, procedures and design criteria. I have

also attempted to weight the importance of these evaluation criteria.
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The evaluation below reflects the ability of the option to conduct
tne test, the quality of the data obtained, and the flexibility of the
test in regards to additional testing relative to the base case. The
location of the test and the estimate of time for conduct of the test
are summarily addressed below the ranking for each option.
Scores have been assigned to all 17 of the options, which also
serves to rank the options relative to the base case. The 17 options
are evaluated below. The weighting factor that was applied to each
eriteria are contained in the parentheses. A weight of three is a very
important criteria, whereas a weight of one is least i{mportant. The options
ability to supply each criteria is then ranked between 1 and 3, three being the
best. The weight and the abil;iy to.achieve for each criteria are multiplied
and summed to obtain a numerical rank for each option. The shorthand notjon \L/j
“~r the criteria is defined at the end of this memo.

.

¢ A1l (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1)

e T S0 N O
11341 3 1 31 v | 1 I 3 1 1 1 3 | 3 (rhRakig(s.2.0)"
1 (3 1 @1 @ 1 2 1)1l @2 | Q) l»udgglfrdetsa ..
f 91 9 | 61 2 | 2 1 981 21 6 | 3 |rifswe0x®
Total score = U8 out of a possible 60

The base case would allow work as previously planned and documented in the SCP
and Study Plan 8.3.1.2.2.4, RO. The prototype tests in progress would still

be relavent, as well as the present schedule. Many foreseen possible problems
have already been worked out. However, many of the NWIRB's concerns are not

well addressed.

# A1l (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1)
Units Const ‘

21 3 | 3 | 3 1 2 | 3 I 3 t2 1 2 | 3 |
13! 3 1 @1 @ 1 @ 1@l 2 1 |
i 9 ( ¢ P 6 1 & | 6 | 9 | 4 t+ 4 | 3 |
Total score = 54
Option 2 (al1) would still allow the work to proceed as previously planned in
the above mentioned documents. Additionally, this option would (with the \l/!

required planning) also allow other work to proceed in the tuff ramp that
would satisfy more of the NWTRB's concerns. This additional testing would
require additional time and perhaps make the tests longer term.
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All (3) Pre {3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1)
Units Const

T e e P e e e o o o o o o o e o o e e o o e o 0 o 2t o = e o 0 e e e e B = = - . % W O - -

31 3 1 3 ] 3 2 | 3 2 1 v | 2 | 3 |
I (3) 1 (3) )1 2 | (2) F(3) 121 2 | (1) |
I 9 | 9 I 6" 1 4 | I 6 | 2 1| y | 3 |
Total score = 49

Very similar to option 2, however the lack of the tuff ramp would reduce the
amount of horizontal control sampled in the repository horizon and probably
also reduce the amount of wet zones available for sampling.

# R11 (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1)
Units Const

O e s e e B e o - o 0 - > o > = > > = e S e i e o B B P e - S = - - -

I 3 | 3 3 1 2 | 3 I 3 1 2 | 2 | 3 |

1 (3Y I (3) I (21 (2) | {(2) )Y 1@ 1 2y 1 (1) |

1 9 | 9 | 6 | y | 6 [ 91 4 | y | 3 {
Total score = 54

A §

Similar to option 2 with the addition of a second shaft, which adds nothing to
our testing program plans. :

# All (3) Pre (3) 3D (2) Wet (2) Fault (2) V. (3) H (2) Plan (2) Prot (1)
Units Const

e T . e 0 4 7 = e - . e 0 P D o T P D o e B~ > R P - . - A - S - - e - e

51 3 | 3 | 3 2 | 3 I3 1 3 | 1 { 3 |
1 (3) 1 (3) L @1 2) | (2) P31 Y1 2y 1 (1) |
I 9 | 9 | 6 | q | 6 I 9 1 6 | 2 | 3 |
Total score = 54

The fact that the MTL is in the south adds nothing to nor takes anything away
from the testing program. The drift from the south to the north end of the
repository block adds additional horizontal control of the Topopah Spring

welded unit. This would require additional testing locations and longer
tern monitoring.

¢ A1l (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1)
Units Const

- - - -

61 3 1 2 I3 1 2 | 3

Lot 21 o 1 o |
FG) T B3 1 @1 @1 2 1 MiE1 @ | ) |
| 91 6 1 61 & { 6 1ol &1 o1 o I

Total score = 35

Not having a shaft makes the prior planning obsolete. Additionally, it removes
the vertical control that a shaft allows. The locations and schedule for
testing would change significantly.
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a1l (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1)
Units Const

— - - = o - = = e e O S G T S W e S e M =SS

710 3 1 1 I3 LI 2 p 2 2 1 v | o |
1331 (3 1L @1 21 @ 1ttt @ o |
I 9 1 3 I 2 | 4 I 6 1 & 1 2 | o |

Total score = 36

The mechanically excavated shaft makes prototype studies irrelevant and reduces
the relevance of the study plan. Additionally the drifting is not as extensive
as some other options. The locations and schedule of testing would change.

ALl (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1)
Units Const

.—-—-—_-----_--------------———--—---—------—--------—--—--——--—---------.

BiI 3 | 3 i 3 | 2 | 2 2121 v L 0 !
((3)1 3 | @1 @21 @ i@l @ t o |
t 91 9 ! 6 | 4 | & P &1 81t 2 | 0 |

Total score = 42

Similar to option 7, except‘that the v-mole excavation method uses a pilot
hole which would allow us to collect pre-construction gas samples.

4 RA11 (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1
Units Const

- - - - 0 - - " - = e N S S e s S

91 3 | 1 I 3 1 | 2 | 2 2 1 1 { o {
1 (3 1 (3) I @1 2 | @ 1 »Hhi1@a1 @ 1 |
I 9 I 3 (| 6 | 2 | & | 6 | 4 | 2 | |
Total score = 36

Simflar to option 7 in regards to testing possibilities.

§ A1l (3) Pre (3) 3D (2) Wet (2) Fault {2) V (3) B (2) Plan (2) Prot (1)
Units Const

——————— - n > O D R D A e W e WS G e e S A S O O G e SR AR D SR G D e R R S S

101 3

|
I (3) 1|
Il 9 | 3 {t 6 | & | &
Total score = 38

Similar to option 7.
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&11 (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1)
Units Const

s - G Y A W - G . Gn - > > - T TP D G e e A D G D e e T P A G S O G G W W e e

"3 1 3 I3 | 2 | 2 b3 121 3 | 3 I
(@Y1 3 1 (@21 2 1t (2 1Y@t @ t ) |
i 91 9 I 6 -1 4 | 4 I 6 1 41 6 | 3 |

Total score = §1

Similar to option 7, except that drilling and blasting the shaft will allow

us to use the study plan and prototype tests already in progress. Schedule
and location of tests would remain similar to the base case.

€ A1l (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1)
Units Const

T A - - S S G e e D G e S T e AR S e e e A G G S e -

121 3 | 3 |

3 1 3 | 2 I3 1 31 21 3 |
131 3 | @21 2 1 @ 1t 2 1 |
I 91 9 I 6 1 6 | 4 91 61 4 | 3 |

Total score = 56

The MIL at the south end of the repository block causes no problems. The drill
and blast shaft allows use of prototype tests and prior plans. The drift
the entire length of the repository block allows good horizontal control.
There would be additional test locations and probable long term moniitoring.

A11 (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3)_K (2) Plan (2) Prot (1)
Units Const ~

D S > Y D T G e A G G T - - e - . G e G e S -

131 3 | 1 3 1 2 o 31 o 0 |
L @3 @1 @ 1 & 1) rt@e@t 2 1y |
I 9 | 3 1 61 6 | 4 Il ot 61 o | o |

Total score = 34

The abscence of a shaft eliminates our vertical control and also changes our
plans significantly and eliminates the usefulness of prototype work. The
test locations and schedule would change significantly.

§ R11 (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1)
Units Const

w3 | 3 I3 + 3 1 2 P31 31 2 1+ 3 |
131 3) 1t 21 (21t 2 1 1@t 2 | (v |
L9 1 9 L6 | 6 1 & f 9 1 61 & | 3 !

Total score = 56

The drill and blast shaft allows use of present plans and prototype work.
The long drift gives good horizontal control. There would be additional
test locations and probable long term monitoring.
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A11 (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1) J{J
Units Const -

B 31 3 13 1 2 1 2 1321 2 1 3 I
I3 @@ 1 @ 1@l @ 1M1
I 91 9 [ 6.1 & 1 & 191 &l & § 3 |

Total score =z 52

The drill and blast shaft allows the present plans to be useable. The ramp
and drifts allow some horizontal control. There would be additional test
locations and probable long term monitoring

¢ 211 (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1)
Units Const

- - S W% - e S D G W P b e A e O TP W W S R A O 4D YR D D a4 e G NS D 4D W G SR S e W T

1 3 1 3 I3 1 3 I3 i 31341 2 | 3 {
P ) 1 @1 @1t @ i@ @ o |
i 91 9 I 6 1 6 | 6 9 1 6 1 & | 3 i

Total score = 58

The access to the ghost dance fault is very good and the drill and blast shaft
allows use of prior plans. Addition of test locations and long tern monitoring.

# A1) (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1)
Units Const

w31 3 13 1 1 1 0 2 | 3 | L

i3 1 1

P31 3 | @1 @1 @ 13Ha@@t @ 1+ () |

i 9 | 9 | 6 1t 2 | 2 i 9 1 2 1
Total score = 46

The drill and blast shaft allows use of former plans. The limited drift

reduces horizontal contrel. Similar in location and schedule to base case.
All Units - Gas and core/rock samples can be obtained from all lithologic/

stratigraphic units.

Pre Const - Gas samples of uncontaminated pre construction phase rock gas
can be obtained. ‘

3D - Rock/core samples can be obtained which represent 3 mutually perpindicular
fabric directions.

Wet - Rock/core samples can be collected from wettest rareas of rock units.
Fault - Samples of gas and rock/core can be collected from near faults.
V - R complete vertical section can be sampled for gas and rock/core.

Y - Allows for collection of many rock/core and gas samples from a large
area of specific lithologic units. \J/]

Plan - The approved study plan, design criteria, etc. are applicable.

Proto - The prototype tests bieng currently performed are applicable.
) y 8150
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

DATE_S /8 [zq

ESF TEST DIFFUSION TESTS IN THE ESF

PREPARERS:
ESF Test Organization (__los Alamos ) J:Ane fq bqu«-— matr‘l':'n

Preparer's Name

Los Alamos Test Manager's Office Ned Z. Elkins

CHECKED BY:
e L Dtly %ﬁ.‘%_ N S e W, s
Name gnat; Organization Difte

TEST REFERENCE (Regulatory): locFR@o 15 .2t 122

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( x ) Both ( )
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:

ScP Section 8,3,1.2,2,5
SDRD Rev 1 Section B~-HYD-10 (Attached)

Other

CURRENT TEST LOCATION(S8) (Check)

ESF Access (Shafts) ( )
Main Test LevelCa¢h4°rhh_ “ ( x)
Calyeo ¥

Exploratory Drifts




TEST EVALUATION RATIONALE AND DISCUSSION

Test Name: Diffusion tests in the ESF

Option number: All

1)

2)

3)

4)

3)

6)

Purpose of test. To determine effective diffusion coefficients under
field conditions in unsaturated tuff; to compare field results to
laboratory measurements in order to assess the general validity of
extrapolating laboratory measurements to field conditions.

Ability to conduct the test relative to the base case is evaluated on

the basis of:-

- test site: ability to locate test in alcoves in Topopah Springs and
Calico Hills units. No discriminating advantage or disadvantage is
apparent for any option, relative to the base case.

Quality of data obtained, relative to base case, is evaluated based
on:
- ability to dry-core diffusion-test boreholes beyond zone of stress
relief induced by excavation activities (about 2 tunnel diameters,
or 30 feet)
- ability to locate fracture-free region of tuff
- ability to be site test at sufficient distance to prevent
interference from other activities (heater, ground motion, water) g
No discriminating advantage or disadvantage is apparent for any
option, relative to the base case.

locations of the tests are same (MTL) for all options

Test schedule:

a) Installation: within a year after completion of MIL

b) Initial testing - within two years after completion of MIL
c) Longer-term test monitoring. Not applicable

Assessment of option's flexibility to allow expansion of the test,

relative to base case. No advantage in expanding test beyond base
case.

5C-132



ee1-0¢

ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

R

DATE 5/8
ESF TEST _CHLORIDE_AND CHLORINE-36 MEASUREMENTS OF PERCOLATION AT YUCCA MOUNTAIN

PREPARERS:

ESF Test Organization ( los_Alamos );J;nc }:k > .fanﬂb
réparer's Name
Los Alamos Test Manager's Office Ned 2Z. Elkins
CHECKED BY:
e . Inie- 2 g )
Nam Organization te

TEST REFERENCE (Requlatory): [0 <FR 6o.(5 ,

TEST SUPPQRTS (Check) Repository Design ( ) Site Suitability ( x ) Both ( )
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:
scp Sectlon 8,3.).2.2:2.1
SDRD Rev 1 Section B-HYD-11 (Attached)

Oother Water Movement Tests (Study Plan)

CURRENT TEST LOCATION(S) (Check)
ESF Access (Shafts) ( x)

Main Test Levelcrnchdc)C4h¢°) ( x)

lils Tes t_nw
Exploratory Drifts (x)




TEST EVALUATION RATIONALE AND DISCUSSION

Test Name: Chloride and chlerine-36 measurements of percolation at
Yucca Mountain

Option number: 13 (B7)

Overall evaluation relative to base case: Inferior

2) Ability to conduct the test: Inferior to base case.

— Ability to sample all lithologic sub—units. Not possible without
shafts or vertical dry-cored holes

— Ability to sample features of interest, e.g. fracture zones,
1lithologic contacts. Not possible to sample lithologic contacts.

=~ Ability to obtain vertical profiles of chloride and chlorine-36.
Not possible without shafts or vertical dry-cored holes.

- Ability to obtain horizontal profiles of chloride and chlorine-36.
Superior due to ability to collect samples from ramp excavations as
well as MIL and exploratory drifts.

3) Quality of data obtained, relative to base case: equivalent to base case.

= Minimization of Cl contamination. Probably superior to base case.

~ Rubble gize: Inferior to base case because of small rubble size,
unless samples could be collected all by dry-coring.

- Depth resolution. * Equivalent to base case.

= Control of sample location with respect to lithologic unit. Equivalent
to base case.

= Precise control of sample location relative to lithologic contact,
fracture, fault or other linear hydrogeologic feature. Equivalent to
base case.

4) Locations of the test relative to base case: inferior to base case
= Vertical profiles of chloride and chlorine-36: none
— Horizontal profiles of chloride and chlorine-36: 2 ramps, MIL and
exploratory drifts

5) Test schedule: equivalent to base case
6) Assessment of option’s flexibility to allow expansion of the test,

relative to base case. Inferior to base case unless vertical dry—cored
boreholes can be drilled from the surface to the MTL.
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TEST EVALUATION RATIONALE AND DISCUSSION

Test Name: Chloride and chlorine-36 measurements of percolation at
Yucca Mountain
Option number: All (general discussion of criterfa used for evaluation)

1) Purpose of test. To evaluate rates and paths of water movement in the
unsaturated zone at Yucca Mountain. Vertical and horizontal profiles of
chloride and chlorine-36 may be interpreted in terms of rates of water
movement by matrix flow, may provide evidence for water movement by fracture
flow, and may indicate the extent of non—homogeneity of matrix flow rates.

t eria e v nd a

2) Ability to conduct the test relative to the base case {s evaluated on
the basis of:
— Ability to sample all lithologic sub-units
— Abllity to sample features of interest, e.g. fracture zones,
lithologic contacts
- Ability to obtain vertical profiles of chloride and chlorine-36
— Ability to obtain horizontal profiles of chloride and chlorine-36

3) Qualicy of data obtalned, relative to base case, is evaluated based on:

- Minimization of Cl contamination

= Rubble size; ablility to step~leach samples so as to distinguish between
meteoric and rock Cl

= Depth resolution

- Control of sample location with respect to lithologic unit

—~ Precise control of sample location relative ‘to lithologic contact,
fracture, fault or other linear hydrogeologic feature

4) lLocations of the test relative to base case involves assessment of
ability to obtain:
= Vertical profiles of chloride and chlorine-36
— Horizontal profiles of chloride and chlorine~36

5) Test schedule
a) Installation is interpreted to mean collection of samples as
excavation proceeds
b) Initial testing - not applicable
¢) Longer-term test monitoring. Applicable to sample collection from
ramps and Main Test Level.

6) Assessment of option’s flexibility to allow expansion of the test,
relative to base case. To be discussed under item 4 for each option.
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

DATE_5- /- o
ESF TEST _____ENGINEFRED BARRIER SYSTEM FIELD TESTS
PREPARERS:

ESF Test Organization (LAWRENCE LIVERMORE LABORATORY) _ Duie WubeR_ (ser 4774(,/fm/r)

Los Alamos Test Manager's Office

CHECKED BY:

g? Preparer's Name
'

JarMes Brnx See Arrackredr LLINL $-/0-%0

Name

Signature = organization Date

TEST REFERENCE (Requlatory): _ /O C/R 4O , /3

TEST SUPPORTS (Check) Repository Design ( x ) Site Suitability ( ) Both ( )

TEST REQUIREMENTS/CONSTRAINTS:

(Characterization)

SCP Sedtion 8,3,4.2.4.4

SDRD

Other

CURRENT TEST LOCATION(S) (Check)

Rev 1 Section B-WP-) (Attached)

ESF Access (Shafts) ( )
Main Test Level ( x)
Exploratory Drifts ( )



l . Lawrence Livermore National Laboratory

LLYMPS005065 WBS 1.2.6
May 10, 1990 QA: N/A
Hemi Kalla

Yucca Mountain Project

Los Alamos National Laboratory
P.0.Box 0

Mercury, NV 89023

REFERENCE: LLYMPS005037
SUBJECT: Assessment of ESF Alternatives Options vs ESF Tests
Dear Hemi:

| have ranked thg options under consideration. Most altematives are
really engineering options and are not fundamentally different in regards to the
scientific efforts. Therafore, it is difficult to make a distinction between the
options based on sclentific criteria. The exceptions are in the access central
block area and the option that allows flexibllity of handling high-level waste.
Aftached is my ranking sheet.

it you have any further questions, please call mg at 415-422-6908.

Near Field Environment
Modeling and Testing
Yucca Mountain Project

{ have reviewed the document and concur with the conclusions.

puty Project Leader
Yucca Mountain Project

DW/ec

cc:
M. Cioninger
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ESF ALTER OP1rund RANKING

_A B C D E E a H !
1__|Option & Cntr_blk _[Samples |Schedule [Conflrm |REpLoo_|Test Area {Total score
2
3__|A?7 [ 3 5 5 5 4 4 31
4 |A4-1 ] 3 4 4 5 4 4 29
5_|C1 4 3 3 4 5 4 4 27
6 _|B3-2 4 4 4 4 0. 4 4 24
7 |B3-3 4 4 4 4 0 4 4 24
8 |B3-4 4 4 4 4 0 4 4 24
9 (B3-6 4 4 4 4 0 4 4 24
10187 4 5 4 4 0 2’2 4 23
1.1 |A1 4 9 4 3 4 . 3 4 22]
12 |AS 4 5 3 3 1 2 4 22
13 (836 4 4 3 3 0 4 4 22
14 |B4 4 3 3 3 1 2 4 22
18 [C4 4 5 3 3 1 2 4 22|
1.6 |B8 4 5 2 4 0 2 4 21
17 1811 0 2 2 2 4 3 4 17
1.8 |1A2 0 0 2 2 4 3 4 i6
19 |8C 0 2 2 2 4 3 0 13

Description of evaluated option characteristics (from table)
SF - Ability of the option to handle high-level sources

cntr Blk - Flexibility of option to gasily allow access to central part of the repository
block

Samples - Ability of option to allow obtaining block samples (from ESF accesses) for
laboratory testing

Schedule - Ability of option to allow most immediate start of test

confirm - Ability of option (flexibility ) to allow performance confirmation testing

immediately upon completion of initial testing
Rep lo¢c - Can test location in the option supported as representative or repository block

Test Area- Flexibility of option to expand testing area for initial or confirmation testing
Paga 1




Ranking Critexias
Recorded by J. Blink after a conversation with D. Wilder

Values range from O (not acceptable) to 6§ (best) for each
criterion.

= two shafts (difficult to move SF w/o interfering with other
activities)

= one shaft and one ramp (ramp can serve double duty)

= two ramps or three total access points

s O

tra
no central drift
some drift beyond the MTL
~drift toward center, but not thru full repository
central drift crosses entire repository

nWwNo
nuann

se
1,2 = South area MTL (which is farther from center)
J,4 = North area MTL -~
Score shifted upward if a central drift existsa
Scorse shifted downward for multi-level repositories w/o access
to each level

two blasted shafts (blasting iz slower than mechanical)
mechanical shaft or long mechanical ramp

one mechanical ramp or one long mechanical ramp plus 2
mechanical shaft

two mechanical ranps

T AN
"non

blasted shafts with mapping

mechanical shaft

a long mechanical ramp or one long mechanical ramp plus a
mochanical shaft

a short mechanical ranp or two mechanical ranmps

] e
iwan

EBSFT Confirmation Testing

0 = pot enocugh space

1 = very little experimental flexibility

4 = good area but not well linked to the EBSFT
5 = good area with good linkage to the EBSFT

0 = small

4 = adequate
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ENGINEERED BARRIER TEST

The following information supports the initial evaluation of
options against the Engineered Barrier Test. This information is
provided by the Los Alamos Test Manager's Office and was developed
after discussion, and with the permission of, Dale Wilder, Lawrence
Livermore National Laboratory.

u se o est -

The primary purpose of the Waste-Package Environment (Engineered
Barrier) tests is to provide information about the near-field
hydreologic, thermal, and mechanical environment of the waste
package for use in assessing the expected performance of the waste
package sub system. The rationale for the tests is constrained by
measurement capabilities that can be applied in situ and by the
ability of analytical and numerical models to use the data
cbtained with the measurements. A secondary purpose of the tests
is to provide the option of testing certain components that may be
part of the Engineered Barrier System, such as packing materials.
The tests include an accelerated thermal cycle to exanine the
cooling side of the thermal pulse. The parameters to be measured
or derived include temperature, moisture content, pore pressure
(matric potential),* rock-mass deformation, and rock-mass stress
changes.

Abjlity to Install and Conduct Test -

No discriminator between options. All options should be capable
of fielding and supporting the test. The Base Case is least
flexible, however, due to its much smaller test area (MTL) and area
for test expansioen. '

Quality of Data Obtained -

No discriminator between options, but same concern regarding Base
Case's inflexibility due to minimal test area and expansion
capability.

location of Test -

Any option which allows the test location to be placed in a more
central repository block position was evaluated superior (see
table).

Schedule Consideration -
The time required to install and conduct the test should not vary

between the options relative to the Base Case. Options which allow
the start of testing earlier in the overall ESF schedule were
evaluated as superior (see table).

Flexibiljty -

Options which allow more test area available for test expansion and
confirmation testing (all but Base Case) were evaluated as
superior. Options which allow test relocation along the main
running the length of the block were rated superior from the
standpoint of testing flexibility and ability to obtain most
representative data.
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT
DATE 74/

y

National Laboratorjies)
parex's Namf///’

ESF TEST LABORATORY TESTS

PREPARERS:
ESP Test Organization (_SAND

Ned Z. Elkins
P

Los Alamos Test Manager's Office

CHECKED BY:

Driptln (] etk ety B2 i By 5305/ <Ayt
Nanfé —__—" Signature = Organization Date

TEST REFERENCE (Regqulatory): _ /6 cfR Port (bo.2 \

) Site Suitability (
(Characterization)

) Both ( x )

TEST SUBPORTS (Check) Repository Design (

TEST REQUIREMENTS/CONSTRAINTS:
scp Section 8,3.,1.15.1.1.4

B-MECH-17 (Attached)

SDRD Rev 1 Section

Other

CURRENT TEST LOCATION(S) (Check)
( x)

( x)
(x)

ESF Access (Shafts)
Main Test Level
Exploratory Drifts




OPTION 13 (B7)

DATE: 5-15-90

TEST 33: LABORATORY TESTS (THERMAL AND MECHANICAL) USING SAMPLES

OBTAINED FROM THE ESF

Ability in Base Case

Ability of Option With Respect
to the Base Case

Laboratory tests (thermal and
mechanical) are planned to be
conducted to support the

ESF in situ tests. Samples will
be obtained from cored
instrumentation holes associated
with in situ tests. These
samples will be obtained from
throughout the MTL, long drifts,
and in the Shaft.

5C-142

Option is superior to the Base
Case. Laboratory samples will be
taken from MTL, upper DBR, long
exploratory drifts, the ramps,
and the main. The testing of
samples from the ramp and main
may provide information on the
regional variability of rock
mechanical and thermal
properties. However, testing of
samples from the ramp may
provide data of lesser quality
because the ramp is off the
repository block.

The location of the MTL

and ramp in the south may not
provide as representative data
as the NE location owing to the
possibility of higher fracture
frequencies as can be
interpreted from surface

maps of the region (e.g. Scott
and Bonk, 1984, USGS OFR 84-094)

13



DATE: 5-4-90

OPTION 13 (B7)

TEST 33: LABORATORY TESTS (THERMAL AND MECHANICAL) USING SAMPLES
OBTAINED FROM THE ESF

Schedule Impact:

See SDRD
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

SOy A

DATE_S -1-%o

ESF TEST MULTIPURPOSE BOREHOLES TESTING NEAR THE ESF

PREPARERS .

ESP Test Organization ( USGS ) Machee L. CweorwfeK

Preparer's Name
Los Alamos Test Manager's Office Ned Z. Elkins
’
CHECKED BY:
NAERRICK S, WHITFIELD  Dienniclo 8, U ol I SGS \MRD 5/4 (0
Name Signature * Oorganization Date

TEST REFERENCE (Requlatory): (QCEFR 6O.

TEST SUPPORTS (Check) Repository Design ( ) - Site Suitability ( x ) Both ( )
(Characterization)

TEST REQUIREMENTS/CONSTRAINTS:
SCP Section 8,3,1,2.2.4.9

SDRD Rev 1 Section __B-MPBH-1 (Attached)
Other Characterization_of the Yucca Mountain
Unsaturated Zone (Study Plan)
CURRENT TEST LOCATION(8) (Check)
ESF Access (Shafts) ( x)
Main Test Level ( )
Exploratory Drifts ( )




TEST EVALUATION RATIONALE AND DISCUSSION

TEST NAME: Multipurpose Boreholes DATE: May 4, 1990
OPTION NUMBER: 13 (B7)

For this option, provide information supporting the evaluation of
test feasibility and data quality. This information must include
specific references to the following items:

1) Purpose of the Test (Tie to issues and critical information
needs, major parameters.)

To monitor and evaluate potential hydrologic and engineering
interference effects from exploratory shaft (ES) construction on
ES tests and interference effects between ES tests.

To identify possible occurrence of perched water and, if present,
sample and test.

To confirm engineering and hydrogeologic properties on which the
ESF design is based and identify anomalous conditions in the

vicinity of the ESF,

2) The ability to install and conduct the test relative to BASE
CASE. '

If drilling of the MPBH's are directly 1linked +to shaft

construction, Option 13 which has no shafts would eliminate the
MPBH's. No tests would be installed or conducted under this

option. <

3) The quality of data ocbtained, relative to BASE CASE.
No data would be collected

4) Location(s) of the test relative to BASE CASE.

None

5) Estimate of time (Schedule) for the test, including

2) Installation None
b) 1Initial testing None
€) Longer - term test monitoring None

6é) Preliminary assessment of the option’s flexibility, regarding
the test, to allow expansion of the test confirmation or
additional testing. This assessment should be made relative

to the BASE CASE.

No testing will be conducted
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North and South Ramps \J,)

Dual ramps each with testing, particularly with one in the
south and one in the north, will increase the total distance
between tests and between the ramps and the IDS Surface
Facility, over which the IDS must communicate. This will
require special more expensive data communication
techniques. Data quality will not be impacted.
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

ESF TEST
PREPARERS:
ESF Test Organization ( USGS ) F{e\ocifJf LLZ*(lxtggq
Preparer's Name \
Los Alamos Test Manager's Office Ned Z. Elkins
CHECKED BY:
MERRICK S, WHITRELD  Prenncel S 242 T o000 usgg%-wag 5/4]90
Name Signature Organization " Date

TEST REFERENCE (Regulatory): [0 CEP(0.113

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( x ) Both ( )
. (Characterization)

TEST REQUIREMENTS/CONSTRAINTS:

SCP Sectibn 8,3.1.2.2.4,10
SDRD Rev 1 Section B-HYD-10 (Attached)
Other

CURRENT TEST LOCATION(S) (Check)
ESF Access (Shafts) ( )
Main Test Level ( )

Exploratory Drifts ( x)




TEST EVALUATION RATIONALE AND DISCUSSION
Date: May 2, 1990

TEST NAME: Hydrologic Properties of Major Faults Encountered in
the MTL of the ESF

OPTION NUMBER: 13 (B7)

1) Purpose of test: Provide information relative to the
following issues: Issue 4.4, unsaturated-zone transmissive
properties, provide air permeability, matrix:; and water
permeability, matrix. Issue 1.1, unsaturated-zone fault
hydrologic characteristics, provide air permeability, rock mass.
Issue 1.6, unsaturated-zone fault hydrologic characteristics,
provide hydraulic potential, rock mass. Issue 1l.11, unsaturated-
zone fault hydrologic characteristics, provide pneumatic
potential, rock mass. Issue 1.12, unsaturated-zone fault
hydrologic characteristics, provide water content, rock mass.
Issue 4.4, unsaturated-zone fault hydrologic characteristics,
provide water permeability, rock mass. Issue 4.4, unsaturated-
zone fluid chemistry, temperature, and age, provide carbon-14
activity; composition of formation gases; composition of
formation water; stable-isotope composition (oxygen-18,
deuterium); thermal potential, rock mass; tritium activity. Issue
4.4, unsaturated-zone moisture conditions, water content, matrix.

2) Ability to conduct test: Option is almost identical to base
case. s

3) Quality of data obtained: Same quality of data provided by
almost identical access.

4) location(s) of the test: Option is almost identical to base
case.

5) Estimate of time for test:
a) Installation: Same as base case.
b) Initial Testing: Same as base case.

c) longer-term monitoring: Same as base case.

6) Preliminary assessment of flexibility: This option provides -

superior flexibility in that access to the Ghost Dance fault a
second time in the central or southern portion of the block is
possible via an additional "east-west drift".
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

PREPARERS fg:k}&kgb\
ESF Test Organization (__ Los_Alamos ) 1;2 . me

Preparer's Name

, Los Alamos Teast Manager's Office _____u__g_z,_glxj,ng
CHECKBD BY:

_Ronadd Oluee. Q.mé%.@aw LANL _5-10-90
Name Signature Organization Date

TEST REFERENCR (Regulatory): (0QCFR (L0 (12 oD 4| S W}

TEST SUPPORTS (Check) Repository Design ( ) Site Suitability ( ) Both ( x )
) (Characterization)

TEST ‘REQUIRMNTB/CONSTRBINTS! i\ .
SCP Section 8.4.22.2.% Doe 1938

S8DRD Rev 1 Section ___ B-IS-1 _ (Attached)
other

CURRENT TEST LOCATION(8) (Check)
ESP Access (Shafts) ( %)

Main Test Level (Iv\c.h«!fs Testi ) ( x)
ThaeCelice !ﬁ

Exploratory Drifts ( x)
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PANEL 1. ENVIRONMENT
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Secretary, Mine Safety and Health Administration, Alan C. McMillan, Acting Assistant
Secretary, Directorate of Technical Support Division of Mining Information Systems,
Closeout Edition 1986.

Mine Injuries and Worktime Quarterly, U. S. Department of Labor, Anne D.
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4.5-45.7.
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APPENDIX 6A

RECORDS PACKAGE LIST OF DOCUMENTS FOR
EVALUATION OF FEATURES TO DETERMINE
WHETHER THE FEATURES ARE DISCRIMINATORS
FOR PERFORMANCE



SUPPORTING DOCUMENTATION FOR
SAND91-0025 - RECORDS PACKAGES, SECTION 6

Records
Management
System
Number Source/
(RMS) Title Date Org. File Code
1. 016974 Design Investigation 4/26/90 T.E.Blejwas 60/12611
Memo (DIM) 251, DIM251/1.0
Evaluation of Repository/
ESF-Feature Performance
Discriminators
2. 018381 Memo from T. E. Blejwasto ~ 7/3/90 T.E.Blejwas 60/12611
A. L. Stevens and L. S. Costin, DIM251/1.3
Subj: Summary of Evaluations 60/12611
for DIM 251 (with all attach- DIM251/1.4

ments): Dated July 3, 1990
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