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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, 
"* Breakout room at 3500-foot depth, characterizes saturated zone (SZ) in the 

thermal unit TRw, 
"• Two breakout rooms, the first at 1800-foot and the second at 3500-foot depth, 

characterize both UZ and SZ, 

"* 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; 

* 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; 
"* Underground disposal level at 940 foot depth, for men and materials and use 

as an escape route; 
• MTL at 1200-foot depth; 

* 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, 
* MTL at 1200-foot depth, 

* 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, 

• MTL at 1020-foot depth, 
• Calico Hills breakout room at 1400-foot depth.
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Underiround 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, 
"* MTL at 1020-foot depth, 

"* 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 Level 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, 
• MTL at 1055-foot depth, 

* Optional Calico Hills breakout room at 1565-foot depth.
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Underground Test Level Configuration I 

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, 
* Optional Calico Hills breakout room at 1565-foot depth.
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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 N35E and access drifts oriented N55W. 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 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-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: 

• single 12-foot-diameter exploratory shaft, 
• 12-foot-diameter exploratory shaft and 6-foot-diameter second shaft, 
• 16-foot-diameter exploratory shaft and 6-foot-diameter second shaft, 
• 12-foot-diameter exploratory shaft and 25-foot-diameter second shaft, 
* 16-foot-diameter exploratory shaft and 25-foot-diameter shaft, 
* 12-foot-diameter exploratory shaft and 19-foot-diameter muck-handling ramp, 
* 16-foot-diameter exploratory shaft and 19-foot-diameter muck-handling ramp, 
• 12-foot-diameter exploratory shaft and 24 foot-diameter waste-handling ramp, 
• 16-foot-diameter exploratory shaft and 24-foot-diameter waste-handling ramp, 
• 465-foot muck-handling ramp and 6700-foot waste-handling ramp, located 

north of the central boundary, 
• 4700-foot muck-handling ramp and 6900-foot waste-handling ramp, located 

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

east of the central boundary, 
• single waste canister in vertical position, and 
• 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: 

"* 21-foot-diameter waste-handling ramp, 

"* Vertical shaft for waste-handling, 
"* 20-foot-diameter waste-emplacement exhaust shaft, 

"* Waste-emplacement exhaust ramp, 

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

* 18-foot-diameter tuff shaft, 

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

0 20-foot-wide by 15-foot-high ramp at 8% grade for men-and-materials, 

• Entry from the north across Drill Hole Wash Fault, 

0 Entry near northeast corner of underground repository, 

0 Entry inside northeast corner of underground repository, 

0 Entry from east near repository shaft, 

* Single waste container in vertical position, 

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

horizontal position.  

Historical Repository Configuration R-6 SCP-CDR Layout Adjusted For Raised 

TSwl/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 TSwl/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 TSwl/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 Outline 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 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 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 TSwl/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 blast 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

I -



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 Repository 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 TSwl/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 L-ayout 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. It 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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GROUP A. DRILL & BLAST
DESCRIPTIVE TITLE 

Al MTL N-, SHAFT/TUFF RAMP

ACCESS SUMMARY 
SINGLE LEVEL REPOSITORY

ESF ACCESSES 

FSHAFTS RMPS ISURTOTAL

1 2

A2 MTL N., SHAFT/SHAFT 2 2 

A3 MTL N., SHAFT/WASTE RAMP 1 1 2 

A4 MTL N., SHAFT/SHAFT/TUFF RAMP 2 1 3 

A5 MTL S., SHAFT/TUFF RAMP 1 1 2 

A6 MTL S., SHAFT/WASTE RAMP 1 1 2 

A7 MTL N., TUFF RAMP/WASTE RAMP - 2 2 

A8 MTL S., TUFF RAMP/WASTE RAMP - 2 2 

A9 MTL S., SHAFT/TUFF RAMP 1 1 2 

A1O MTL S., SHAFT/TUFF RAMP 1 1 2

GROUP B. TBM, SINGLE
DESCRIPTIVE TITLE

81 MTL N. SHAFT/TUFF RAMP

LEVEL REPOSITORY
ESF ACCESSES

SHAFTS TRAMPS ISUBTOTAL

2

82 MTL N. SHAFT/SHAFT 2 - 2 

63 MTL N. SHAFT/WASTE RAMP 1 1 2 

84 NTL S., SHAFT/TUFF RAMP 1 1 2 

a5 MTL S., SHAFT/WASTE RAMP 1 1 2 

86 MTL N., TUFF RAMP/WASTE RAMP - 2 2 

87 MTL S., TUFF RAMP/WASTE RAMP - 2 2 

B8 MTL S., SHAFT/TUFF RAMP 1 1 2 

89 MTL S., SHAFT/TUFF RAMP 1 1 2

GROUP C. TBM, STEP BLOCK REPOSITORY
DESCRIPTIVE TITLE

Cl MTL N. SHAFT/TUFF RAMP

ESF ACCESSES

SHAFTS JRAMPS JSUBTOTAL

2

C2 MTL N. SHAFT/SHAFT 2 2 

C3 MTL N. SHAFT/WASTE RAMP 1 1 2 

C4 MTL S., SHAFT/TUFF RAMP 1 1 2 

C5 MIL N., TUFF RAMP/WASTE RAMP - 2 2

1

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

1 --

REPOSITORY ACCESSES * 

SHAFTS RAMPS TOTAL 

3 2 5 

4 2 6 

3 2 5 

3 2 5 

3 2 5 

3 2 5 

2 2 4 

2 2 4 

2 3 5 

3 2 5 

REPOSITORY ACCESSES 

SHAFTS RAMPS TOTAL 
3 2 5 

3 2 5 

3 2 5 

3 2 5 

3 2 5 

2 2 4 

2 2 4 

2 3 5 

3 2 5 

REPOSITORY ACCESSES * 

SHAFTS RAMPS TOTAL 
2 2 4 

3 2 5 

2 2 4 

3 2 5 

2 2 4

I I

I 1



OUTLINE OF REPOSITORY 

PERIMETER BOUNDARY I 

I.,/

LEGEND: 

ESF - EXPLORATORY SHAFT 
FACILITY 

MTL - MAIN TEST LEVEL 
D&B - DRILL AND BLAST 
TSM - TUNNEL BORING MACHINE 
MECH - MECHANICAL MAINING

/

TuF /"A:'

-OUTLINE OF REPOSITORY 
PRIMARY AREA BOUNDARY

- INDICATES DRILL AND BLAST 
EXCAVATED MTL.

- INDICATES MECHANICALLY 
EXCAVATED MTL.

3E-3

ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

Al MTL N., SHAFT/TUFF RAMP



PRELIMINARY NEW OPTION # AT 

OPTION DESCRIPTION MTL NORTH. SHAFT / TUFF RAMP
H ESF ACCESSES 2 TOTAL ACCESSES 5

ACCESSES ESE ACCESS #1 ESF ACCESS 02 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE "TYPE SHAFT RAMP SHAFT SHAFT SEE ESF ACCESS #2 RAMP 

SIZE (AEPS.) 16' DlA. 25' DIA. 25' DlA. 25' DlA. 25' DlA.  

CONSTRUCTION D&B TOM MECH. HECH. TEN 

LOCATION 82 AT B2 CT 81H 
SUR FACE 

UNDERGROUND 82 82 H2 Cl B2 

ESF FUNCTION SCIENCE SCIENCE 
VENTILATION VENTILATION NONE NONE NONE 

EMEEG. EGRESS EMERG. EGRESS 

SERVICE (M/M) MUCK HANDLING 

ESF FUNCTION IN REPOSITONY ESP ACCESS #1 ESF ACCESS #2 MTL 
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE 

PERSONNEL HANDLINGPERSONNEL 
REPOSITORY OPERATIONS VENTILATION TUFF RAMP NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINING METHODS 
MAINS TBM EXPL. DRIFTS D&B AND TBE 

PERIMETER DRIFT TEN MTL D&B 

PANEL ACCESS D&8 MTL LOCATION 82 

EHPL. DRIFTS G&E ACCESS TO CALICO HILLS SHAFT OR RAMP 

ELEVATION OF REPOSITORY LOWER MTL ELEVATION CORRESPONDS 
(SCP-CDR REF.) WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 34 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT 

GHOST DANCE FAULT 
IMBRICATE FAULT

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY NEW OPTIONS 

Al MTL N., SHAFT/TUFF RAMP
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i-- OUTLINE OF REPOSITORY 

I PRIMARY AREA BOUNDARY 

I I. =O

2
NOTE: FOR LEGEND SEE OPTION Al
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OUTLINE OF

ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

A2 MTL N., SHAFT/SHAFT

6m ... I I P



PRELIMINARY NEW OPTION # A2 

OPTION DESCRIPTION MTL NORTH. SHAFT I SHAFT

# ESF ACCESSES 2 TOTAL ACCESSES 6

3E-6

ACCESSES ESF ACCESS H1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT SHAFT SHAFT SHAFT RAMP RAMP 

SIZE (APPX.) 16' DIA. 16' DIA. 25' DIA. 25' DIA. 25' DIA. 25' DIA.  

CONSTRUCTION D&B D&B MECH. MECH. IBM TBM 

LOCATION B2 B2 B2 Cl Al al 
SURFACE 

UNDERGROUND B2 B2 82 Cl B2 82 
ESF FUNCTION SCIENCE SCIENCE 

VENTILATION VENTILATION NONE NONE NONE NONE 
EMERG. EGRESS EMERG. EGRESS 

SERVICE (M/M) MUCK HANDLING 

ESF FUNCTION IN REPOSITORY ESF ACCESS #1 ESF ACCESS #2 MTL 
REPOSITIARY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE 

PERSONNEL HANDLINGRPERSONNEL 
REPOSITORY OPERATIONS VENTILATION VENTILATION NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINING METHODS 
MAINS T78 EXPL. DRIFTS D&B 

PERIMETER DRIFT TBM MTL D&B 

PANEL ACCESS D&B HTL LOCATION 82 

EMPL. DRIFTS D&B ACCESS TO CALICO HILLS SHAFT OR RAMP 

ELEVATION OF REPOSITORY LOWER HTL ELEVATION CORRESPONDS 
(SCP-CDR REF.) WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 34 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT 

GHOST DANCE FAULT 

IMBRICATE FAULT

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY NEW OPTIONS 

A2 MTL N., SHAFT/SHAFT

I -



NOTE: FOR LEGEND:SEE OPTION Al 
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ESF ALTERNATIVES STUDY 

TASK NO.4 
PRELIMINARY NEW OPTIONS 

A3 MTL N., SHAFT/WASTE RAMP



PRELIMINARY NEW OPTION # A3 
OPTION DESCRIPTION NTL NORTH- SHAFT i WASTE RAMP

# ESF ACCESSES 2 TOTAL ACCESSES

ACCESSES ESF ACCESS 01 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT RAMP SHAFT SHAFT RAMP SEE ESF ACCESS #2 

SIZE (APPX.) 16' DIA. 25' DIA. 25' DIA. 25' DIA. 25' DIA.  

CONSTRUCT ION DE& TBM MECH. MECH. TBM . : 

LOCATION B2 81 82 Cl Al 

SURFACE 

UNDERGROUND 52 B2 B2 Cl _ _ 

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 MTL 

REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE 

PERSONNEL HANDI.INGPERSONEIEL 

REPOSITORY OPERATIONS VENTILATION WASTE RAMP NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINHIG METHODS 

MAINS TBM EXPL. DRIFTS 096 AND TOM 

PERIMETER DRIFT TBM MIL D&B 

PANEL ACCESS D&B MTL LOCATION 52 

EMPL. DRIFTS D&B ACCESS TO CALICO HILLS SHAFT OR RAMP 

ELEVATION OF REPOSITORY LOWER MTL ELEVATION CORRESPONDS 

(SCP-CDR REF.) WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 34 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT 

GHOST DANCE FAULT 
IMBRICATE FAULT

ESF ALTERNATIVES STUDY 

.TASK NO.4 

PRELIMINARY NEW OPTIONS 

A3 MTL N., SHAFT/WASTE RAMP
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ESF ALTERNATIVES STUDY 

TASK NO.4 
PRELIMINARY NEW OPTIONS 

A4 MVTL N., SHAFT/SHAFT/TUFF RAMP

NOTE: FOR LEGEND'.SEE OPTION Al
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PRELIMINARY NEW OPTION A A4 (REV.l) (ESF FUNCTIONS WILL BE REASSIGNED ?)

0 ESF ACCESSES 3 TOTAL ACCESSES 5

3E-10

ACCESSES ESF ACCESS #1 ESF ACCESS AZ ESF ACCESS 93 MEN MATERIAL EMPLACEMENT EXH. TUIFF WASTE 
TYPE SHAFT SHAFT RAMP SHAFT SEE ESF ACCESS #2 SEE ESF ACCESS #3 RAMP 

SIZE (APPX.) 16' DIA. 10' DIA. (ESF) 25' DIA. 25' DIA. . 25' DIA.  
25' DIA. (REPOS.) ________. . .  

CONSTRUCTION D&0 MECH. TEM MECH. : . : Tam 

LOCATION 82 CI AT S2 .1 . . . . 81 
SURFACE ______________ ______________ ______________ *! 

UNDERGROUND H2 Cl 82 82 B2 

ION SIENCE SC INCE SONEC 
VENT R LAO I OO A VENT I LATION VENT ILATION NONE NONE 

EMERG. EGRESS EMERG. EGRESS EHERG. EGRESS 
SERVICE (D/R) TUCK HANDLING 

ESF FUNCTION IN REPOSITORY ESF ACCD E SF ACCESS #2 TL ACCESS OCA 
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION NONE VENTILATION, MUCK 

PERSONNEL HANDLING •PERSONNEL 

REPOSLTORY OPERATIONS VENTILATION VENTILATION NONE TUFF RADP 

REPOSITORY LAYOUT FEATURLS TEST PROGRAM FEATURES 

MINING METSODS HIOING DETHODS 

MAINS TBM EXPL. DRIFTS D&B AND ABM 

PERIMETER DRIFT TBM MIL D&B 

PANEL ACCESS D&B MTL LOCATION B2 

EMPL. DRIFTS D&B ACCESS TO CALICO HILLS SHAFT OR RAMP 

ELEVATION OF REPOSITORY LOW/ER MIL ELEVATION CORRESPONDS 
(SEP-CDR REF.) -WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 34 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT 

GHOST DANCE FAULTI 
IMsR'CATE FAULT

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY NEW OPTIONS 

A4 MTL N., SHAFT/SHAFT/TUFF RAMP

OPT'ION~ .... -,- NIL NORTlH, SHAFT / SHAFT / |U~f RAMP



OUTLINE OF

NOTE: FOR LEGENID. SEE OPTION A I

,OUTLINE OF REPOSITORY 

PRIMARY AREA BOUNDARY
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ESF ALTERNATIVES STUDY 
.TASK NO.4 

PRELIMINARY NEW OPTIONS 

A5 MTL S., SHAFT/TUFF RAMP



PRELIMINARY NEWl OPTION # A5 

OPTION DESCRIPTION NTL SOUTH. SHAFT i TUFF RAMP

# ESE ACCESSES 2 TOTAL ACCESSES 5

ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT RAMP SHAFT SHAFT SEE ESF ACCESS #2 RAMP 

SIZE (APPX.) 16, DIA. 25,' DA. 25,' 0A. 25,' OIA. 25' DIA.  

CONSTRUCTION D&s TSM HECK. MECH. TAM 

LOCATION13 D D2 D3 R2 al 
SUR FACE 

UNDERGROUND D3 D3 D3 B2 82 
ESF FUNCTION SCIENCE SCIENCE 

VENTILATION VENTILATION NONE NONE NONE 

SEERG. EGRESS EMERG. EGRESS 

SERVICE (M/M) MUCK HANDLING 

ESF FUNCTION IN REPOSITORY ESF ACCESS #1 ESF ACCESS #2 NIL 

IREPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE 

PERSONNEL HANDLINGPERSONNEL 
REPOSITORY OPERATIONS VENTILATION TUFF RAMP NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

HINING METHODS MINING METHODS 
MAINS T8M EXPL. DRIFTS D&B AND TBM 

PERIMETER DRIFT TBM MTL DSE 

PANEL ACCESS D&B MTL LOCATION D3 

EMPL. DRIFTS D&E (MINING FULL REPOS. ACCESS TO CALICO HILLS SHAFT OR RAMP 
WIDTH, RETREAT TO SOUTH 

ELEVATION OF REPOSITORY LOWER MIL ELEVATION CORRESPONDS 
(SCP-CDR REF.) WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 34 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT, 

IHOST DANCE FAULT, IMARICATE 
FAULT, DRIFT TO NORTH END

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY NEW OPTIONS 

A5 MTL S., SHAFT/TUFF RAMP
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NOTE: FOR LEGEND *SEE OPTION A l 
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ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

A6 MTL S., SHAFT/WASTE RAMP



PRELIMINARY NEW OPTION 0 A6 
OPTION DESCRIPTION MTL SOUTH SHAFT / WASTE RAMP
# ESF ACCESSES 2 TOTAL ACCESSES

ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT RAMP SHAFT SHAFT RAMP SEE ESF ACCESS #2 

SIZE (APPX.) 16' SIA. 25' SIA. 25' DIA. 25' DIA. 25' SIA.  

CONSTRUCTION D&O TEN MECH. MECH. TEN 

LOCATION D3 El 03 82 D2 
SURFACE 

UNDERGROUND D53 2 03 B2 D3 ___________________ 
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 MIL 
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE 

PERSONNEL HARDLINGPERSONNEL 

IREPOSITORY OPERATIONS VENTILATION WASTE RAMP NONE 

REPOSITORY LAYCUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINING METHODS 
MAINS TEM EXPL. DRIFTS D&B AND TEM 

PERIMETER DRIFT TEM MTL D&B 

PANEL ACCESS DSB 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 
(SCPFCOR REF.) WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 34 E EXTENT OF EXPL. DRIFTING DRILL AOLE WASH FAULT, 
GHOST DANCE FAULT, IMBRICATE 

FAULT, LONG DRIFT TO SOUTH

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY NEW OPTIONS 

A6 MTL S., SHAFT/WASTE RAMP
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NOTE: FOR LEGEND SEE OPTION A I 
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ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

A7 MTL N., TUFF RAMP/WASTE RAMP



PRELIMINARY NEW OPIION N A7 
OPTION DESCRIPTION NTL NORTH. TUFF RAMP I WASTE RAMP
A ESE ACCESSES 2 TOTAL ACCESSES 4

3E-16

ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE RAMP RAMP SHAFT SHAFT SEE ESF ACCESS #1 SEE ESF ACCESS #2 

SIZE (APPX.. 25' oIA. 25' OIA. 25' DIA. 25' OIA.  

CONSTRUCTION TS, TBM MECH. MECH.  

LOCATION Al Ri B2 Cl 

SURFACE 

UNDERGROUND B2 62 82 CT 

ESE FUNCTION SCIENCE SCIENCE 

VENTILATION VENTILATION NONE NONE * 

EMENG. EGRESS ENERG. EGRESS 

MUCK HANDLING SERVICE IN/RI 

ESF FUNCTION IN REPOSITORY ESF ACCESS #1 ESF ACCESS #2 MTL 
REPOSITIORY DEVELOPMEHT VENTILATION, MUCK VENTILATION NONE 

HANDLING PERSONNEL PERSONNEL 
REPOSITORY OPERATIONS WUFF RAMP WASTE RAMP NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS RINING METHNOS 
MAINS TEM EXPL. DRIFTS D&B AND TBM 

PERIMETER DRIFT TEM UTL D&B 

PANEL ACCESS D&B MTL LOCATION 62 

EMPL. DRIFTS D&B ACCESS TO CALICO HILLS RAMP 

ELEVATION OF REPOSITORY LOWER NTL ELEVATION CORRESPONDS 
(SCP-CDR REF.) WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 34 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT, 

GHOST DANCE FAULT, 
IMSRICATE FAULT

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY NEW OPTIONS 

A7 MTL N., TUFF RAMP/WASTE RAMP



NOTE: FOR LEGENDSEE OPTION Al 
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ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

A8 MTL S., TUFF RAMP/WASTE RAMP



PRELIMINARY NEW OPTION # A8 
IPTICUJ DSFRrPTIIfl, MTI SfIlTH

A ESF ACCESSES 2 TOTAL ACCESSES

ACCESSES ESF ACCESS $1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE RAMP RAMP SHAFT SHAFT SEE ESF ACCESS #1 SEE ESF ACCESS #2 

SIZE (APPX.) 25' DIA. 25' DIA. 25' DIA. 25' DIA.  

CONSTRUCTION TOM TBM MECH. MECH.  

LOCATION D2 61 03 82 

SURFACE 

UNDERGRCUND D3 82 D3 82 ___________________ 

VENTILATION VENTILATION NORE NONE 

EHE RG. EGRESS EMERS. EGRESS 

MUCK HANDLING SERVICE (RIM) 

ESF FUNCTION IN REPOSITORY ESF ACCESS Al ESF ACCESS #N ML 
REPOSITIORY DEVELOPMENT VENTILATION. KUCK VENTILATION NONE 

HANDLINGPERSONNEL PE RSONNEL 
REPOSITORY OPERATIONS TUFF RAMP WASTE RAMP NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINING METHODS 
MAINS TOM EXPL. DRIFTS D&N AND TBM 

PERIMETER DRIFT TEN MTL OgB 

PANEL ACCESS D&B MTL LOCATION D3 

EMPL. DRIFTS D&B (MINING FULL REPOS. ACCESS TO CALICO HILLS RAMP 

WIDTH, RETREAT TO SOUTH) 
ELEVATION OF REPOSITORY LOWIER HTL ELEVATION CORRESPONDS 

(SCP-CDR REF.) WITH REPOSITORY 
EMPLACEMENI DRIFT ORIENTATION N 34 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT 

GHOST DANCE FAULT, IHERICATE 
FAULT, LONG NORTH-SOUTN DRIFT

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY NEW OPTIONS 

A8 MTL S., TUFF RAMP/WASTE RAMP
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NOTE: FOR LEGEND SEE OPTION A 1 ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

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

OPTION DESCRIPTION MTL SOUTH.
# ESF ACCESSES 2

SHAFT / TUFF RAMP

TOTAL ACCESSES

ESF ALTERNATIVES STUDY 

.TASK NO.4 

PRELIMINARY NEW OPTIONS 

A9 MTL S., SHAFT/TUFF RAMP

3E-20

5

ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT RAMP RAMP SHAFT SEE ESF ACCESS #2 RAMP 

SIZE (APPX.) 16' DIA. 25' DIA. 25' DIA. 25' DIA. 25' DIA.  

CONSTRUCTION D&H TBM THH MECH. THM 

LOCATION D3 03 C3 B2 B1 

SURFACE 

UNDERGROUND D3 03 03 H2 _________________ 82 

ESF FUNCTION SCIENCE SCIENCE 

VENTILATION VENTILASION NONE HONE NONE 
EMERG. EGRESS EMERG. EGRESS 

SERVICE (M/M) MUCK HANDLING 

ESF FUNCTION IN REPOSITORY ESF ACCESS #1 ESF ACCESS #2 MTL 

REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE 

PERSONNEL HANDLINGPERSONNEL 

REPOSITORY OPERATIONS VENTILATION TUFF RAMP HONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINING METHODS 
MAINS TBM EXPL. DRIFTS D&O AND TEM 

PERIMETER DRIFT TEM MTL D&B 

PANEL ACCESS D&B MTL LOCATION D3 

EMPL. DRIFTS D&B (MINING FULL REPOS. ACCESS TO CALICO HILLS SHAFT OR RAMP 

WIDTH, RETREAT TO SOUTHT 

ELEVATION OF REPOSITORY LOWER MTL ELEVATION CORRESPONDS 

(SCP-CDR REF.) WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 31 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT, 
GHOST DANCE FAULT, IMBRICATE 

FAULT, LONG DRIFT TO NORTH



OUTLINE OF

NOTE: FOR LEGEND SEE OPTION Al

-OUTLINE OF REPOSITORY 

PRIMARY AREA BOUNDARY
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ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

AlO MTL S., SHAFT/TUFF RAMP



PRELIMINARY NEW OPTION # A1R 

OPTION DESCRIPTION NIL SOUTH. SHAFT / TUFF RAMP

# ESF ACCESSES 2 TOTAL ACCESSES 5

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY NEW OPTIONS 

AlO MTL S., SHAFT/TUFF RAMP

3E-22

ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT RAMP SHAFT SHAFT SEE ESF ACCESS #2 RAMP 

SIZE CAPPX.) 16' DIA. 25' DIA. 25' DIA. 25' DIA. 25' DIA.  

CONSTRUCTION DEE TOM MECH. MECH. TEM 

LOCATION D3 D4 D3 82 61 

SUMRFACE 

UNDERGROND D3 D3 D3 82 82 
ESF FUNCTION SCIENCE SCIENCE -FN: 

VENTILATION VENTILATION HONE NONE : NONE 
EMERG. EGRESS EMERG. EGRESS 

SERVICE (M/M) MUCK HANDLING 

ESF FUNCTION IN REPOSITORY ESF ACCESS 01 ESF ACCESS N2 MTL 

1REPOSITIDRY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE 
PERSONNEL HANDLING PERSONNEL 

REPOSITORY OPERATIONS VENTILATION TUFF RAMP NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

HINING METHODS MINING METHODS 
MAINS FEM EXPL. DRIFTS D&B AND TNN 

PERIMETER DRIFT TOM MTL D&B 

PANEL ACCESS DEB MTL LOCATION D3 

EMPL. DRIFTS DEB (MINING FULL REPOS. ACCESS TO CALICO HILLS SHAFT OR RAMP 
WIDTH, RETREAT TO SOUTH) 

ELEVATION OF REPOSITORY LOTWER MTL ELEVATION CORRESPONDS 

(SCP-CDR REF.) WITH REPOSITORY 
EMPLACEMENT DRIFT ORLENTATION N 34 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT, 

GHOST DANCE FAULT, IMBRICATE 

FAULT, LONG DRIFT TO NORTE

t



NOTE: FOR LEGEND SEE OPTION Al 

3E-23

ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

Bi MTL N., SHAFT/TUFF RAMP



pRELIMINARY NEW OPTION 0 R1 

OPTION DESCRIPTION MTL NORTH.

0 ESF ACCESSES 2

SHAFT I TUFF RAMP

TOTAL ACCESSES

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

TYPE SHAFT RAMP SHAFT SHAFT SEE ESF ACCESS #2 RAMP 

SIZE (APPX.) 16' DIA. 251 DIA. 25' DIA. 25' DIA. .,251 DIA.  

CONSTRUCTION DER 78M MECH. MECH. IRK 

LOCATION 62 Al B2 52 61l 
SURFACE ______________"____ 

UNDERGROUNDA B2 R2 B2 62 6________ 2 
ESF FUICTOH SCIENCE SCIENCE 

VEATILATION VENT I LATION NONE NONE NONE 

EMERG. EGRESS EMERG. EGRESS 

SERVICE (N/M) MUCK HANDLING 

ESF FUNCTION IN REPOSITORY ESF ACCESS 01 ESF ACCESS #2 MTL 
REPOSITIONY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE 

PERSONNEL HANDLING, PERSONNEL 

REPOSITORY OPERATIONS VENTILATION TUFF RAMP NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINING METHODS 
MAINS TEN EXPL. DRIFTS MECH.  

PERIMETER DRIFT IBM MTL MECH.  

PANEL ACCESS NOT USED MTL LOCATION B2 

EMPL. DRIFTS TBN ACCESS TO CALICO HILLS SHAFT ON RAMP 

ELEVATION OF REPOSITORY LOWER MTL ELEVATION CORRESPONDS 
(SCP-CDR REF.) WITH REPOSITORY 

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

GHOST DANCE FAULT, 
IMBRICATE FAULT

ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

Bi MTL N., SHAFT/TUFF RAMP

3E-24

i



1'' 
I "\ 

I ",

MEPJ/MA'eAp.AL5 s\ ' "~P.,'l"

I I 
I I , 

OUTLINE OF REPOSITORY 
PRIMARY AREA BOUNDARY 

I I t 

I I i ° ' ' " " • 

I '" ,.  

3 2

NOTE: FOR LEGENDi SEE OPTION A 1 ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

B2 MTL N., SHAFT/SHAFT

3E-25

OUTLINE OF



PRELIMINARY NEW OPTION # B2 
OPTIrHJ DFqrRiPTIM1 NTI NýTH SHAFT / SHAFT

I ESF ACCESSES 2 TOTAL ACCESSES 5

3E-26

ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT SHAFT SHAFT SEE ESF ACCESS #2 RAMP RAMP 

SIZE (APPX.) 16' CIA. 25' DIA. 25' DIA. . 25' DIA. 25'•, IA.  

CONSTRUCTION 0&8 MECH. MECH. , i'.... TBM TEN 

LOCATION 02 H2 82 - Al 81 
SURFACE 

UNDERGROUIND' 82 82 82 82 B2 

EFFNTION SIENCE SCIENCE 

VERTILATION VENTILATION NONE NONE NONE 

EMERG. EGRESS EMERG. EGRESS 
MUCK HANDLING SERVICE (M/M) 

LOWER RSM 

ESF FUNCTION IN REPOSITORY ESF ACCESS #1 ESF ACCESS #2 MTL 
REPOSITIORY DEVELOPHENT VENTILATION VENTILATION, MUC' NONE 

PERSONNEL HANDLING. PERSONNEL 
REPOSITORY OPERATIONS VENTILATION EMPLACEMENT NONE 

EXHAUST 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINING METHODS 
HAINS TBM EXPL. DRIFTS MECH.  

PERIMETER DRIFT TRM MTL MECH.  

PANEL ACCESS NOT USED HTL LOCATION 82 

EMPL. DRIFTS TSM ACCESS TO CALICO HILLS SHAFT OR RAMP 

ELEVATION OF REPOSITORY LOWER MTL ELEVATION CORRESPONDS 
(SCP-COR REF.) WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 56 U EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT 

GHOST DANCE FAULT 

IMBRICATE FAULT

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY :NEW OPTIONS 

B2 MTL N., SHAFT/SHAFT



NOTE: FOR LEGEND SEE OPTION A 1

o)

ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

B3 MTL N., SHAFT/WASTE RAMP

3E-27



PRELIMINARY NEW OPTION # 83 (REV.I) 
OPTION DFSCRIPTi]n MTL NORTH. ENAFT / UASTF RAMP

A ESF ACCESSES 2 TOTAL ACCESSES.

ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT RAMP SHAFT SHAFT RAMP SEE ESF ACCESS N2 

SIZE (APPX.) 16' DIA. 25' DIA. 25' DIA. 25' VIA. 25' DIA.  

CONSTRUCTION MECH TBM MECH. MECH. TAM 

LOCATION 2 111 82 82 Al 
SUERFACE 

UNDERGROUND A2 82 82 A2 82 
ESF FUNCTION SCIENCE SCIENCE 

VENTILATION VENTILATION NONE NONE NONE 
EMERG. EGRESS EMERG EGRESS 
SERVICE (HIM) MUCK HANDLING 

ESE FUNCTION IN REPOSITORY ESF ACCESS #1 ESE ACCESS #2 MTL 

REPOSITIORY DEVELOPMENT VENTILITILA TION, MUCK NONE 
PERSONNEL HANDL ING, PERSONNEL 

REPOSITORY OPERATIONS VENTILATION WASTE RAMP NONE 

REPOSITORY LAYCUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINING METHMOS 
MAINS TBM EXPL. DRIFTS MECH.  

PERIMETER DRIFT TBM MTL MECH.  

PANEL ACCESS NOT USED MTL LOCATION 82 

EMPL. DRIFTS T7M ACCESS TO CALICO HILLS SHAFT OR RAMP 

ELEVATION OF REPOSITORY LOWER MTL ELEVATION CORRESPONDS 
(SCP-CDR REF.) WITH REPbSITORY 

EMPLACEMENT DRIFT ORIENTATION N 56 U EXTENT OF EXPL. DRIFTING DRILL HOLE WAASH FAULT 

GHOST DANCE FAULT 
IMBRICATE FAULT

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY NEW OPTIONS 

B3 MTL N., SHAFT/WASTE RAMP

3E-28
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NOTE: FOR LEGENO SEE OPTION A 1 

3E-21

ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

B4 MTL S., SHAFT/TUFF RAMP



PRELIMINARY NEW OPTION # B4 
OPTION DESCRIPTION MTL SOUTH, SHAFT I TUFF RAMP 

A ESF ACCESSES 2 TOTAL ACCESSES 5

3E-30

"ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT RAMP SHAFT SHAFT SEE ESF ACCESS #2 RAMP 

SIZE (APPX.) 16' DIA. 25' DIA. 25' DIA. 25' DIA. 25' EIA.  

CONSTRUCTION O&B 78M MECH. MECH. T'" 

LOCATION 03 D2 03 2R 
SURFACE 

UNDERGROUND 03 D3 D3 R2 8.___.. ... ....... N2 
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 MTL 
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE 

PERSONNEL HANDLING, PERSONEEL 
REPOSITORY OPERATIONS VENTILATION TUFF RAMP NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINING METHODS 
MAINS TBM EXPL. DRIFTS HECK.  

PERIMETER DRIFT IBM NTL MECH.  

PANEL ACCESS NOT USED MTL LOCATION D3 

EMPL. DRIFTS TEM ACCESS TO CALICO HILLS SHAFT OR RAMP 

ELEVATION OF REPOSITORY LOWER MTL ELEVATION CORRESPONDS 
(SCP-CDR REF.) WITH REPOSITORY 

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

GHOST DANCE FAULT, IMBRICATE 

FAULTDRIFT TO NORTH END

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY NEW OPTIONS 

B4 MTL S., SHAFT/TUFF RAMP



NOTE: FOR LEGEND SEE OPTION Al
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PRELIMINARY NEW OPTION N B5 

OPTION DESCRIPTION MTL SOUTH . SHAFT f WASTE RAMP 
A ESF ACCESSES 2 TOTAL ACCESSES 5

3E-32

ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT RAMP SHAFT SHAFT RAMP SEE ESF ACCESS #2 

SIZE (APPX.) 16' DIA. 25' DIA. 25' DIA. 25' DIA. 25' DIA.  

CONSTRUCTION D&B TSM MECH. MECH. TBM 

LOCATION 03 E1 D3 82 D2.  
SUR FACE 

UNDERGROUND D3 82 D3 82 D3 
ESF FUNCTION SCIENCE SCIENCE iiii!?.!• 

VENTILATION VENTILATION NONE NONE NONE 
EMERG. EGRESS EMERG. EGRESS : :! ::i •• iii:;!•: 
SERVICE (M/M) M'UCK HANDLING •!i•;i 

ESF FUNCTION IN REPOSITORY ESF ACCESS #1 ESF ACCESS #2 MTL 
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE 

IP ERSORHEL HANDLING, PERSONNEL 

REPOSITORY OPERATIONS VENTILATION WASTE RAMP NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINING METHODS 
MAINS TBM EXPL. DRIFTS NECH.  

PERIMETER DRIFT TBM MTL MECH.  

PANEL ACCESS NOT USED MTL LOCATION D3 

EMPL. DRIFTS TBM ACCESS TO CALICO HILLS SHAFT OR RAMP 

ELEVATION OF REPOSITORY LOWER MTL ELEVATION CORRESPONDS 
(SCP-CDR REF.) WITH REPOSITORY 

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

GHOST DANCE FAULT, IMBRICATE 
FAULT, LONG DRIFT TO SCUTH

ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY :NEW OPTIONS 

B5 MTL S., SHAFT/WASTE RAMP



NOTE: FOR LEGEND SEE OPTION Al ESF ALTERNATIVES STUDY 

TASK NO.4 
PRELIMINARY NEW OPTIONS 

B6 MTL N., TUFF RAMP/WASTE RAMP

3E-33



PRELIMINARY NEW OPTION # B6 

MPTICrA OFnSIRPTIOn MTL WORTH TUFF RAMP I WASTE RAMP

H ESF ACCESSES 2 TOTAL ACCESSES 4

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY :NEW OPTIONS 

B6 MTL N., TUFF RAMP/WASTE RAMP 

3E-34

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

TYPE RAMP RAMP SHAFT SHAFT SEE ESF ACCESS #1 SEE ESF ACCESS #2 

SIZE (APPX.) 25' DA. 25' DA. 25' DIA. 25' DIA.  

CONSTRUCTION TBM TBM MECH. MECH.  

LOCATION Al Hi AZ 82 

SUJRFACE _________ 

UNDERGROUND H2 B2 H2 B2 

EFT FUNCTION SCIENCE SCIENCE 

VENTILATION VENTILATION HONE HONE 

EMER. BEGRETS EMERG. EGRESS 

MUCK HANDLING SERVICE (M/H) 

ESP FUNCTION IH REPOSITORY ESP ACCESS Al _ESF ACCESS 92 "TL 

HANDLING.PERSONNEI. PERSONNEL.  

REPOSITORT OPERATIONS NUFRM ASERM ORS 

REPOSITORT LAYOUT FEATURlES TEST PROGRAM FEATURES 

MAINS TEM EXPL. DRIFTS MECN.  

PERIMETER DRIFT TAM NIL MECH.  

PANEL ACCESS HOT USED NIL LOCATION B2 

EMPL. DRIFTS TSM ACCESS TO CALICO HILLS RAMP 

ELEVATION OF REPOSITORY LOWIER NIL ELEVATION CORRESPONDS 

(SCP-COR REF.) WITH REPOSITORT 

EMPLACEMENT SHIFT ORIENTATION N 56 WL EXTENT OP EXPL. DRIFTING SHILL HOLE WASH FAULT, 

GHOST DANCE FAULT, 

IMBRICATE FAULT
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NOTE: FOR LEGEND SEE OPTION Al
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ESF ALTERNATIVES STUDY 
TASK NO.4 

-PRELIMINARY NEW OPTIONS 

87 MTL S., TUFF RAMP/WASTE RAMP



PRELIMINARY NEW OPTION # B7 
WYTIfL nFSCRrPTIr)N MYI Sfl•ITI4
O E.... D. CESCRIPTION 2 T SOUTH .. .. ... .........  NESE ACCESSES 2 TOTAL ACCESSES 4

3E-36

ACCESSES ESF ACCESS #1 ESE ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE RAMP RAMP SHAFT SHAFT SEE ESF ACCESS #1 SEE ESF ACCESS #2 

SIZE (APPx.) 25, 0IA. 25' DIA. 25' SEA. 25' DIA.  

CONSTRUCTION TBM TBM MECH. MECH.  

LOCATION 02 91 D3 92 
SURFACE 

UNDERGROUND D3 B2 D3 ,2 
ESF FUNCTION SCIENCE SCIENCE 

VENTILATION VENTILATION NONE NONE 
EMERG. EGRESS EMERG. EGRESS 

MUCK RANDLING SERVICE (H/M) 

ESF FUNCTION IN REPOSITORY ESF ACCESS #1 ESF ACCESS #2 MTL 

IREPOSITIORy DEVELOPMENT VENTILATION, MUCK VENTILATION NONE 

NANDLINSGPERSONNEL PERSONNEL 
REPOSITORY OPERATIONS TUFF RAMP WASTE RAMP NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINING METHODS 
MAINS TBM EXPL. DRIFTS MECH.  

PERIMETER DRIFT TOM MTL MECf.  

PANEL ACCESS NOT USER MTL LOCATION as 

ENPL. DRIFTS T59 ACCESS TO CALICO HILLS RAMP 

ELEVATION OF REPOSITORY LOWER MYL ELEVATION CORNESPMS 
(SCP-COR REF.) WI17t REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 56 1I ERTENT OF EXPL. DRIFTING PRILL ROLE WASH FAULT, 
GHOST DANCE FAULT,IMBRICATE 

FAULT, LONG NORTH-SWITH DRIFT

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY NEW OPTIONS 

B7 MTL S., TUFF RAMP/WASTE RAMP

TrIGs •AMP I UA•T• •AMP



NOTE: FOR LEGEND SEE OPTION Al
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ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY .NEW OPTIONS 

88 MTL S., SHAFT/TUFF RAMP



PRELIMINARY NEW OPTION 0 I8 

OPTION DESCRIPTION MTL SOUTH. SHAFT / TUFF RAMP 

0 ESF ACCESSES 2 TOTAL ACCESSES 5

3E-38

ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT RAMP RAMP SHAFT SEE ESF ACCESS #2 RAMP 

SIZE (APFS.) 16' DIA. 25' DIA. 25' DIA. 25' DIA. 25' DIA.  

CONSTRUCTION DUS TBM MECN. MECH. Tom 

LOCATION D3 D3 C3 82 Ni 
SURFACE _________ _________ 

UNDERGROUN.JH D3 D3 03 82 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 02 MITL 

REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE 

PERSONNEL HANDLING, PERSONNEL 
REPOSITORY OPERATIONS VENTILATION TUFF RAMP NONE 

REPOSITONT LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINING METHODS 

MAINS TEM EXPL. DRIFTS MECH.  

PERIMETER DRIFT TEM MTL MECH.  

PANEL ACCESS NOT USED MTL LOCATION D3 

EMPL. DRIFTS TBM ACCESS TO CALICO HILLS SHAFT OR RAMP 

ELEVATION OF REPOSITORY LOWER MTL ELEVATION CORRESPONDS 
(SCP-CDR REF.) WITH REPOSITORY 

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

GHOST DANCE FAULT, IMBRICATE 
FAULToDRIFT TO NORTH END

ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY :NEW OPTIONS 

B8 MTL S., SHAFT/TUFF RAMP
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NOTE: FOR LEGEND SEE OPTION Al ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

89 MTL S., SHAFT/TUFF RAMP
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PRELIMINARY NEW OPTION N B9 
OPTION DESCRIPTION MTL SOUTH. SHAFT f TUFF RAMP
# ESF ACCESSES 2 TOTAL ACCESSES 5

3E-40

ACCESSES ESF ACCESS Al ESS ACCESS #2 MEN & MATERIAL EMPLACEMENT EEHAUST TUFF WASTE 
TYPE SHAFT RAMP SHAFT SHAFT SEE ESF ACCESS #2 RAMP 

SIZE IAPPX.) 16' DIA. 25' DIA. 25', EA. 25' DIA. 25' DIA.  

CONSTRUCTION D&B TBM MECH MECH TeN 

LOCATION 03 D4 D3 02 01 
SUR FACE 

UNDERGROUND D3 D3 03 B2 82 
ESF FUNCTION SCIENCE SCIENCE 

VENTILATION VENTILATION NONE NONE NONE 
EMERG. EGRESS EMERG. EGRESS 

SERVICE (N/N) MIUCK HANDLING 

ESF FUNCTION IN REPOSITORY ESF ACCESS #1 ESF ACCESS #2 NIL 
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCK NONE 

PERSONNEL HANDLING, PERSONNEL 
REPOSITORY OPERATIONS VENTILATION TUFF RAMP NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MIRING METHODS MINING METHODS 
MAINS TBM EXPL. DRIFTS MECH.  

PERIMETER DRIFT TBM MTL MECH.  

PANEL ACCESS NOT USED HTL LOCATION 03 

EMPL. DRIFTS TSN ACCESS TO CALICO HILLS SHAFT ON RAMP 

ELEVATION OF REPOSITORY LOWER MTL ELEVATION CORRESPONDS 
(SCP-CSR REF.) WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 56 W EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT, 
GHOST DANCE FAULT, IMHRICATE 

FAULTDRIFT TO NORTH END

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY :NEW OPTIONS 

B9 MTL S., SHAFT/TUFF RAMP



NOTE: FOR LEGEND-SEE OPTION Al 
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:SF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

Cl MTL N., SHAFT/TUFF RAMP



PRELIMINARY NEW OPTION A Cl 

OPTION DESCRIPTION MTL NORTH. SHAFT / TUFF RAMP 
# ESF ACCESSES 2 TOTAL ACCESSES 4

ACCESSES ESF ACCESS #- ESF ACCESS 02 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT RAMP SHAFT SEE ESF ACCESS #1 SEE ESF ACCESS #2 RAMP 

SIZE (APPX.) 18' DIA. ESPE) 25' DIA. 25' DIA. 25' DIA.  
25' ErA. (REPOS.) 

CONSTRUCTION D&B TEM MECH. 78M 

LOCATION 92 Al 92 9 
SURFACE _ 

UNDERGROUND 92 02 92 82 
ESF FUNCTION SCIENCE SCIENCE 

VENTILATION VENTILATION RONE NONE 
EMERG. EGRESS EMERG. EGRESS 

SERVICE (N/HI MUCK HANDLING 

:SF FUNCTION IN REPOSITORY ESF ACCESS A1 ESf ACCESS A2 MNT 
REPOS1ITDRY DEVELOPMENT VENTILATION VENTILATION, MUCK HONE 

PERSONNEL HANDLINGPERSONNEL 
REPOSITORY OPERATIONS EMPL. EXHAUST TUFF RAMP NONE 

(25' DIA.) 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING NETHODS HINING METHODS 
MAINS TBM ENPL. DRIFTS MECH.  

PERIMETER DRIFT TBN MTL MECH.  

PANEL ACCESS TBH HTL LOCATION 92 

EMPL. DRIFTS TBM ACCESS TO CALICO HILLS SHAFT OR RAMP 

ELEVATION OF REPOSITORY UPPER & LOCJER NTL ELEVATION UPPER AND LOWER LEVELS 
MULTIPLE BLOCKS CORRESPOND WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 0 E, N 12 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT, 

GHOST DANCE FAULT, 
IMBRICATE FAULT

ESF ALTERNATIVES STUDY 
.TASK NO.4 

PRELIMINARY NEW OPTIONS 

Cl MTL N., SHAFT/TUFF RAMP 

DATE__
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NOTE: FOR LEGEND SEE OPTION A 1

A

(EMPI.ACCMEW 

C-S1-ACCeSS*I)

DA^%JCE FAULT

3E-43

ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

C2 MTL N., SHAFT/SHAFT



L ____

PRELIMINARY NEW OPTION N C2 
IMTInm nFZmIVPT(,IM MT[ NORTH lHAFT f SHAFT

A ESF ACCESSES 2 TOTAL ACCESSES 5

"INFORMATION COPY"

3E-44

ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT SHAFT SHAFT SEE ESF ACCESS #Z RAMP RAMP 

SIZE (APPX.) 16, DIA. 25, DIA. 25' DIA. 25' DIA. 25' DIA.  

CONSTRUCTIOR D05 MECH. MECH. TBN TBM 

LOCATION EZ 82 B2 Al 81 
SURFACE 

UNDERGROUND E2 R2 B2 _2 B2 
ESF FUNCTION SCIENCE SCIENCE 

VENTILATION VENTILATION NONE .NONE NONE 
EMERG. EGRESS EMERG. EGRESS 

MUCK HANDLING SERVICE (H/M) 

LOWER TBN 

ESF FUNCTION IN REPOSITORY ESF ACCESS #1 ESF ACCESS #2 MTL 
REPOSITIORY DEVELOPMENT VENTILATION, MUCK VENTILATION NONE 

HANDLING PERSONNEL PERSONNEL 

REPOSITORY OPERATIONS VENTILATION EMPL. EXHAUST NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MIRING METHOOS MINING METHODS 
MAINS TBE EXPL. DRIFTS RECH.  

PERIMETER DRIFT TBE MTL HECH.  

PANEL ACCESS TEB MTL LOCATION 92 

EHPL. DRIFTS TBE ACCESS TO CALICO HILLS SHAFT OR RAMP 

ELEVATION OF REPOSITORY UPPER & LOWER MTL ELEVATION UPPER AND LOWER LEVELS 
MULTIPLE BLOCKS CORRESPOND WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 0 E, N 12 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT 

GHOST DANCE FAULT 

IHERICATE FAULT

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY NEW OPTIONS 

C2 MTL N., SHAFT/SHAFT 

DATE__



OUTLINE OF REPOSITORY 
PERIMETER BOUNDARY

NOTE: FOR LEGEND.SEE OPTION Al ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

C3 MTL N., SHAFT/WASTE RAMP
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PRELIMINARY NEW OPTION A C3 

OPTION DESCRIPTION NTL NORTH, SHAFT / WASTE RAM4P 

# ESF ACCESSES 2 TOTAL ACCESSES 4

3E-46

ACCESSES ESF ACCESS #1 ESF ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT RAMP SHAFT SEE ESF ACCESS A1 RAMP SEE ESF ACCESS #2 

SIZE (APPE.) 16' VIA. (ESF) 25' DIA. 25' DIA. 25' DIA.  

25' VIA. CREEOS.) ________ 

CONSTRUCTION D&BTEBM HECH. MECH.  

LOCATIONZ 82 El 2 Al 

SURFACE 

EF T FUNCTION SCIENCE SCIENCE 

VENTILATION VENTILATION NONE . NONE 

EMEEG. EGRESS EMERG. EGEESS 

SERVICE (MIM) MUCK HANDLING 

SEP FUNCTION IN REPOSITONY HEF ACCESS 0T ESF ACCESS 02 NTL 
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCE NONE 

PERSONNEL HANDLING PERSONNEL 

REPOSITORY OPERATIONS EMPL. EXHAUST WASTE RAMP NONE 

. . (25' DIA.) 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

MINING METHODS MINING METHODS 
MAINS TBM EXPL. DRIFTS MECH.  

PERIMETER DRIFT TIM MTL MECH.  

PANEL ACCESS TEB NIL LOCATION 82 

EMPL. DRIFTS TEM ACCESS JTO CALICO HILLS SHAFT OR RAMP 

ELEVATION OF REPOSITORY UPPER & LOWER RTL ELEVATION UPPER AND LOWER LEVELS 
MULTIPLE BLOCKS CORRESPOND WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 0 E, N 12 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT 

GHOST DANCE FAULT 

IMBRICATE FAULT

ESF ALTERNATIVES STUDY 

TASK NO.4 

PRELIMINARY NEW OPTIONS 

C3 MTL N., SHAFT/WASTE RAMP

1



OUTLNE OF REPOSITORY

NOTE: FOR LEGEND.SEE OPTION Al ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

C4 MTL S., SHAFT/TUFF RAMP
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PRELIMINARY NEW OPTION # C4 

OPTION DESCRIPTION MTIL SOUTH, SHAFT Y TUFF RAMP 

8 ESF ACCESSES 2 TOTAL ACCESSES 5

3E-48

ACCESSES ESF ACCESS #1 ESP ACCESS #2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE 
TYPE SHAFT RAMP SHAFT SHAFT SEE ESF ACCESS #2 RAMP 

SIZE (APPX.) 16' DIA. 25' DIA. 25' DIA. 25' DIA. 25' DIA.  

CONSTRUCTION DE& Tom MECH. MECH. TBM 

LOCATION D3 02 D3 B2 aI 
SURFACEi_ __ _ 

UNDERGROUND' 03 03 D3 B2 8_________ 2 
ESF FUNCTION SCIENCE SCIENCE 

VENTILATION VENTILATION NONE NONE NONE 

EMERS. EGRESS EMEND. EGRESS 
SERVICE (MINT MUJCK HANDLING 

ESF FUNCTION IN REPOSITONY ESF ACCESS 01 ESF ACCESS #2 MDL 
REPOSITIORY DEVELOPMENT VENTILATION VENTILATION, MUCN NONE 

PERSONNEL HANDLINGPERSONNEL 

REPOSITORY OPERATIONS VENTILATION IUFF RAMP NONE 

REPOSITORY LAYOUT FEATURES TEST PR . PqAT.IRs 

MINING METHODS MIINNG METNS 

MAINS TOM EXPL. DtIFiS NECH.  

PERIMETER DRIFT TBM MIL MECH.  

PANEL ACCESS TIB MTL LOCATION D3 

EMPL. DRIFTS TBI ACCESS TO CALICO HILLS SHAFT OR RAMP 

ELEVATION OF REPOSITORY UPPER & LOWER MTL ELEVATION UPPER AND LOWER LEVELS 
MULTIPLE BLOCKS CORRESPOND WITY'REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 0 E, N 12 E EXTENT OF EXPL. DRIFTING DRILL HOLE WASH FAULT, 
GHOST DANCE-LAULT, IMBRICATE 

FAULT, LONG DRIFT TO WORTH

ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

C4 MTL S., SHAFT/TUFF RAMP



OUTLINE OF REPOSITORY 
PERIMETER BOUNDARY | I

NOTE: FOR LEGEND -SEE OPTION Al ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

C5 MTL N., TUFF RAMP/WASTE RAMP
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PRELIMINARY NEW OPTION # C5 

OPTION DESCRIPTION MTL NORTH. TUFF RAMP I WASTE RAMP

0 ESF ACCESSES 2 TOTAL ACCESSES

ACCESSES ESF ACCESS #1 ESF ACCESS $2 MEN & MATERIAL EMPLACEMENT EXHAUST TUFF WASTE.... .  
TYPE RAMP RAMP SHAFT SHAFT SEE ESF ACCESS #1 SEE ESF ACCESS #2 

SIZE (APPx.) 25, DIA. 25' DIA. 25,' DIA. 25,' IA.  

CONSTRUCTION TOM TBE MECH. MECH.  

LOCATION Al III B2 62 
SURFACE__________ 

UNDERGROUND B2 82 62 62 
ES UCION SC;ENCEW VSCIENCE 

VENTILATIO NTHILATION HONE NONE 
EMERG. EGRESS EMERG. EGRESS 
MUCK HANDLING SERVICE (M/M) 

ESF FUmCTION IN REPOSITORY ESF ACCESS *1 ESF ACCESS #2 1MTL 
REPOSITIORY DEVELOPMENT VENTILATION, MUCK VENTILATION NONE 

HANDLING PERSONNEL PERSONNEL 

REPOSIIORY OPERATIONS TUFF RAMP WASTE RAMP NONE 

REPOSITORY LAYOUT FEATURES TEST PROGRAM FEATURES 

M4IlNIN METHcOS MINING METHOOS 

MAINS TBM EXPL. DRIFTS MECH.  

PERIMETER DRIFT TEN MTL MECH.  

PANEL ACCESS TBM MTL LOCATION B2 

EMPL. DRIFTS TBM ACCESS TO CALICO HILLS RAMP 

ELEVATION OF REPOSITORY UPPER & LOWER MTL. ELEVATION UPPER AND LOWER LEVELS 
MULTIPLE BLOCKS CORRESPOND WITH REPOSITORY 

EMPLACEMENT DRIFT ORIENTATION N 0 E, N 12 E EXTENT OF EXPL. DRIFTINIG DRILL HOLE WASH FAULT, 

GHOST DANCE FAULT, 
IMBRICATE FAULT

ESF ALTERNATIVES STUDY 
TASK 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.
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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 TSwl/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 TSwl/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 TSwl/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.
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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 *lobal 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 ýharacterization requirements, and 

2. regulatory 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 modeling 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.
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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 process: 
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: 

1. Location of access to the ESF 

2. Access means 

3. Construction method 

4. Test Area Configuration 

5. 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 
tyPes are required for the evaluation set. In addition, options with different subsets 
o 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 concepts 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 
produced prior to the inception of this study), and additional alternatives that have 
been 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.  

t
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TABLE 1

EXPECTED RANGES OF THE FIVE MAJOR FEATURES FOR ESF OPTIONS

Feature Range

Location

Access Means 

Construction Method 

Test Area Configuration 

Repository/ESF Interface

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 Screening Criteria 

The initial screening of historical and other alternatives currently available will first 
involve a screening based on noncompliance 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 meet 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 

I_
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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 chaihge or some new test may be required depending on the particular 
alternative chosen, the basic testing program must be conducted. The 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

10 CFR 20 

10 CFR 60

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

10 CFR 960

29 CFR 1910

30 CFR 18 

30 CFR 32 

30 CFR 36 

30 CFR 57

NRS Title 46

California Administrative Code Tunnel 
Safety Order 

California Administrative Code Mine 
Safety Order

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)

SCP Activity Title

S1. *Geologic Mapping of 
the Exploratory Shaft 
and Drifts-Con. and In.  

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

3. *Seismic Tomography/ 
Vertical Seismic 
Profiling-Con.  

4. *Shaft Convergence-Con.  

5. *Demonstration 
Breakout Rooms-Con.  

6. Sequential Drift 
Mining 

7. Heater Experiment in 
Unit TSwl 

8. Canister-Scale Heater 
Experiment 

9. Yucca Mountain 
Heated Block 

10. Thermal Stress 
Measurements 

11. Heated Room Experiment 

12. Development and 
Demonstration of 
Required Equipment 

13. Plate Loading Tests

SCP 
Section 

Reference 

8.3.1.4.2.2.4 

8.3.1.3.2.1.1 
8.3.1.3.2.1.3 
8.3.1.3.2.2.1 

8.3.1.4.2.2.5 

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 

8.3.1.15.1.6.4 

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

Y

Y

No

Y 

Y

No

Y 

Y 

Y 

Y 

Y

Y
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TABLE 3 

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

(Continued)

SCP Activity Title 

14. Rock-Mass Strength 
Experiment 

15. Evaluation of Mining 
Methods 

16. Monitoring of Ground 
Support Systems 

17. Monitoring Drift 
Stability 

18. Air Quality and 
Ventilation Experiment 

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

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

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

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

23. Percolation Tests in 
the Exploratory Shaft 
Facility 

24. Bulk-Permeability Test 
in the Exploratory 
Shaft Facility

SCP 
Section 

Reference 

8.3.1.15.1.7.2 

8.3.1.15.1.8.1 

8.3.1.15.1.8.2 

8.3.1.15.1.8.3 

8.3.1.15.1.8.4 

8.3.3.2.2.3 

8.3.1.15.2.1.2

8.3.1.2.2.3.1 

8.3.1.2.2.4.1 

8.3.1.2.2.4.2 

8.3.1.2.2.4.3

ESF Testing 
Conducted 

in the MTL

Y 

Y 

Y 

Y 

Y 

Y 

Y

Y 

Y 

Y 

Y

4A-14



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 * Radial Borehole Tests 
in the Exploratory 
Shaft Facility-Con.  

26* Excavation Effects 
Test in the Exploratory 
Shaft Facility-Con.  

27. Calico Hills Test in 
the Exploratory Shaft 
Facility 

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

29* Hydrochemistry Tests 
in the Exploratory 
Shaft Facility-Con. and In.  

30. Diffusion Tests in the 
Exploratory Shaft 
Facility 

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

32. Engineered Barrier 

System Field Tests 

33* Laboratory Tests 
(Thermal and Mechanical) 
Using Samples Obtained 
from the ESF-Con. and In.

SCP 
Section 

Reference 

8.3.1.2.2.4.4 

8.3.1.2.2.4.5 

8.3.1.2.2.4.6 

8.3.1.2.2.4.7 

8.3.1.2.2.4.8 

8.3.1.2.2.5.1 

8.3.1.2.2.2.1 

8.3.4.2.4.4 

8.3.1.15.1.1.4

ESF Testing 
Conducted 
in the MTL

N

Y

Y

Y

Y

Y

Y

Y

Y
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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 Activity Title

34. Multipurpose-Borehole 
Testing Near the ESF 

35. Hydrologic Properties 
of Major Faults 
Encountered in Main Test 
Level of the Exploratory 
Shaft Facility

SCP 
Section 

Reference 

8.3.1.2.2.4.9 

8.3.1.2.2.4.10

ESF Testing 
Conducted 
in the MTL

Y

*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 strategy 
has been adopted. This strategy consists of grouping alternatives into classes. Each 
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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Class Feature

1 Location 

Location2

3 Access Means 

4 Access Means 

5 Access Means 

6 Access Means 

7 Construction 
Method 

8 Construction 

9 Construction 

10 Test Area 
Configuration 

11 Test Area 
Configuration 

12 ESF/Repository 
Interface

Location of the accesses and ESF approximately in the 
SCP-CDR configuration 

ESF and at least one ESF access in a location 
substantially different from that of Class 1 

Total number of accesses less than SCP-CDR 

ESF access by two or more shafts 

ESF access by two or more ramps 

ESF access by at least one shaft and one ramp 

Construction of the repository and ESF 
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.  

All construction (including ESF and accesses Method 
except for some testing alcoves, etc.) by mechanical 
mining 

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) 

ESF layout (including exploratory drifting and 
designated test area) similar to the Title I or early 
Title II concepts 

ESF layout substantially different from Class 
10, Configuration, which may include size or scope of 
designated test areas 

Options that integrate repository and ESF 
accesses
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3.3.3 Criteria 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 
representative 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 f 
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. A listing 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 nonqualiying options on a go or no-go 
basis. Only those few requirements that satisfy the go/no-go discriminatory 
basis will be selected for use. A checklist for each option will be prepared 
containing the requirements selected for screening. The 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; 

c. 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 option, 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 1 is 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 options selected as representative 
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 1 2 3 4 5 6 7 8 9 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 
range 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 I not as complete designs. The final evaluation will result in the selection of a 
preferred repr:sentative option, which means a preferred set of range features.  
These features will fomn the basis for the designs of the 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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5. rationale for selecting representative option from each class; 

6. check of final options set against the ranges of features; 

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

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

4A-21



Distribution: 
Dr. Paul Gnirk 
RE/SPEC, Inc.  
4775 Indian School Rd., NE 
Suite 300 
Albuquerque, NM 87110 

Dr. Lee Merkhofer 
Applied Decision Analysis, Inc.  
3000 San Hill Road 
Menlo Park, CA 94025 

M. P. Hardy 
J.F.T. Agapito & Associates 
715 Horizon Drive 
Suite 340 
Grand Junction, CO 81506 

FSN 3. Grenia 
FSN B. T. Stanley 
1ANL H. N. Kalia (Las Vegas) 
IANL N. Z. Elkins (Las Vegas) 
LANL J. C. Rowley (Las Vegas) 
PBQ&D M. Grieves 
PBQ&D R. Harig 
H&N R. C. De Klever 
REECo R. R. Ronmel 
SAIC M. Davenport 
SAIC M. Parsons 
6310 T. 0. Hunter 
6310 105/12611/SLTR9O-4001/Q1 
6310 60/12611/DIM-242/1.4/Q1 (XREF) 
6310 60/12611/DIM-240/1.4/Q1 (XREF) 
6310 65/12611/ITX-0l0/l.4/Ql (XREF) 
6311 A. L. Stevens 
6311 A. W. Dennis 
6311 E. R. Gruer 
6311 R. E. Finley 
6311 A. R. Morales 
6312 J. C. Cummings 
6312 C. Barr 
6313 T. E. Blejwas 
6314 L. S. Costin 
6314 S. 3. Bauer 
6315 L. E. Shephard 
6316 R. P. Sandoval 
6317 S. Sinnock

4A-22



Appendix 

Information from the Reference Information Base 
Used in this Report 

This report contains no information from the Reference Information Base.  

Candidate 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 contains 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 
(RMS) Title

1. Transcripts of the Panel 
Meetings for Initial 
Screening of Options 

2. 016079 Design Investigation 
Memo (DIM) 241, 
Selection of Panel Members 

3. 016638 DIM 242, Preliminary 
Screening 

4. 017230 DIM 243, ESF-Repository 
Options 

5. 018705 DIM 244, Requirements 

6. 016791 Memo to File: Results 
of the Initial Screening 
of Options for the ESF-AS 
with Attachments

Source/ 
Date Org.

4/2/91 

2/19/90

S. J. Bauer 

S. J. Bauer

3/26/90 L.S. Costin 

5/15/90 E.R. Gruer

File Code 

60/12611/ 
DIM242/1.1/QA 

60/12611/ 
DIM241/1.0/QA 

60/12611/ 
DIM242/1.0/QA 

60/12611/ 
DIM243/1.0/QA

7/11/90 M.W. Parsons 60/12611/ 
SAIC DIM244/1.0/QA

4/10/90 L.S. Costin 60/12611/ 
DIM242/1.4/QA
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I I

RESULTS OF THE INITIAL SCREENING 
OF OPTIONS FOR THE ESF-AS 

SUMMARY OF ATTACHMENTS 

Attachment Contents Pages 

Volume I 

1 Divider page--viewgraphs used in instruction of panel 
verification of reading SLTR90-4001 

Verification of instruction SLTR90-4001 32 

2 Divider page--daily attendance sheets for screening 
meeting 6 

3 Divider page--regulatory and functional requirements 
screening forms for ESF historical options (19 forms) 58 

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 30 

5 Divider page--regulatory and functional requirement 
screening forms for historical repository options 
(8 forms) 25 

6 Divider page--testing screening forms for repository 
historical options (8 forms) area calculation (DOP 3-10 
sheets) Fax of TMO ESF area calculation 74 

7 Divider page--option class matrix 4 

8 Divider page--selection of options forms 
(13 forms) 27 

9 Divider page--review of options 7 

10 Divider page--letter report 16 

Volume II 

11 ESF Historical Options 261 

Volume III 

12 Historical Repository Options 323 

Volume IV 

13 Preliminary New Options 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 

Criterin 1: 

Bacdagoun: 
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.  

Criterib: 
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 from further consideration. A No evaluation must 
be explained in the Ccumients section below.  

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

Evaluation:
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Page 2 of 3 

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 ft2 (including allowances for flexibility, some 
additional tests that were not provided for in the Title I ESF design, and 
shcp areas).  

Considering allowances for additional flexibility and contingencies, the 
minimm area desired is approximately 1,860,260 ft 2 .  

Criterio: 
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 ND evaluation means that the option has less than 75% of the minimum 
acceptable area available (.75 X 977,800 = 733,350 ft 2) . A no evaluation 
should be substantiated by an attached calculation sheet (DOP 3-10) and will 
result in the option being eliminated from further consideration.  

An UtCElMI evaluation means that the option has an available test area of 
more than 733,350 and less than 1,860,260 ft 2 .  

Evaluation:
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Cerements on evaluation:

Evaluators: 

Name (Print) Signature Date
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Page 1 of 3

ESF Alternatives Study 

Initial Regulatory and Functional Requirements Screening 

Option Identifier

Statement of Requirement

Requirement 1 

The design of the underground 
facility, including the shaft 
collar area, ramp portals, and 
main pads should provide for 
control of water or gas 
intrusion. The shaft collars 
and ramp portals should be 
located to prevent water inflow 
from a probable maximum 
flood (IPMF).

Requirement 2 

The ESF underground excavation 
shall be of adequate size to 
support current and future 
testing. The underground 
excavation shall be able to 
accommodate site specific 
conditions and be able to 
drift from the MTL up to 
10,000 ft to other parts of 
the repository block

Sources 
Document I Section

10 CFR 
DAA 
DAA 
SDRD 
SDRD 
SDRD

60

I I

10 CJFR 
10 (ER 
DAA 
SDRD

60 
60

60.133 (d) 
1.12.1.1 
2.3.4.1 
1.2.6.1 PC3c 
1.2.6.1.1 PC1b 
1.2.1.4 PC2

60.74 (a) 
60.133(b) 
2.4.6.5 
1.2.6.5 
Constraint O.v

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

Evaluation of 
Conpliance

L
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Statement of Requirement Sources 
Document I Section

Requirement 4 

The openin• s reuired 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, 
pump stations, refuge chambers, 
lunch rooms, and storage 
facilities) shall be located 
away frcm in situ site 
characterization testing.  

Reuirement 5 

Long exploratory drifts extended SDRD 1.2.6.6 
laterally from the ESF on the MTL 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 
minimum 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 
ccmplies with the requirement; NO - the option being considered does not cmply 
with the requirement; or UNCERIAIN - it cannot be determined whether the option 
complies with the requirement. A NO evaluation must be explained in the 
comients section below and will result in the option being eliminated from 
further consideration.

4C-5

Evaluation of 
Ccmpliance



Page 3 of 3

Ccufiments on evaluation:

Evaluators: 

Name (Print) Signature Date
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APPENDIX 4D 

SKETCHES OF 

INITIAL 17 OPTIONS
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Option 1 (Base Case)



Option 2 (Al)



( 

OUTLINEIP OP RPOSTOR 

PRIMARY AREA BOUNDARY OUTLINE OF REPOSITORY 

A ikPERIMETER BOU .NDARY "INFORMATION COPY" 

LEEND: 5SF ALTERNATIVES STUDY 

EEF -EXPLORATORY SHAFT -INDICATES DRILL AND BLAST TASK NO.4 
FACILITY EXCAVATSED MTL. PRELIMINANY NEW OPTIONS 

M~t -MA IN TEST LEVEL 
D&B DRILL AND BLAST -INDICATES MECHANICALLY A2 MTL N., SHAFT/SHAFi 
TBM -TUNNEL BORING MACHINE EXCAVATED MTL OT rANU : F 
MECH - MECHANICAL MINING ____ 

Option 3 (A2)
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OUTLINE OP REPOSITORY 
PAIMARY AREA BOUNDARY, 

OUTLINE OF REPOSITORY 
PERIMETER BOUNDARY 
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DEB 
mBM 
MEC 

Optic

_____FOR ' IFG MA 1I I)I



1-1 

0
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MECHD MECHANICAL MINING 

Option 6 (A7)
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Option 12 (B4)
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ESF ALTERNATIVES STUDY 
TASK NO.4 

PRELIMINARY NEW OPTIONS 

B7 MTL S., TUFF RAMP/WASTE RAMP
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FACILITY 
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PRELIMINARY NEW OPTIONS 
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Option 16 (C4)

I

Y



ALTERNATE 3 

* EAST-WEST ROOMS 

-- WASTE RAMP * FULL REPOSITORY WIDTH 

E S FACILITIES 9 TBM 

EMPLACEMENT PANELS * EMPLACEMENT ACCESS FROM 
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PERIMETER 0 MINING ACCESS FROM SOUTH END 
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EMPLACEMENT ROOMS ..o

PRIMARY AREA BOUNDARY

Option 17 (Rll, page 1 of 2)





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 
(RMS) Title

Source/ 
Date Org. File Code

1. *017230 DIM-243 Rev. A

2. *022646 Summary of the Aug. 8, 
1990 Meeting of the 
Management Panel for the 
Exploratory Shaft Facility 
(ESF) Alternatives Study

5/15/90 

8/15/90

E.R. Gruer 

L.S. Costin

60/12611/ 
DIM243/1.0/QA 

60/12611/ 
DIM252/1.2/QA

3. *018829 Interface Control Input 
from Calico Hills Risk/ 
Benefit Analysis (CHRBA) 
to the Exploratory Shaft 
Facility .(ESF) Alterna
tives Study

6/30/90 J.H. Nelson/ 
SAIC, 
A.L. Stevens

65/12611/ 
ITM010/1.1/QA

LIST OF DATA PACKAGES DEVELOPED FOR THE ESF-AS

4. *016190 

5. *016999 

6. *017115 

7. *017319

ESF Alternatives Study 
Task 4 Deliverable for 
Options Screening, 
DIM-243 Items I & II 

ESF Alternatives Study 
Task 4 Deliverable for 
Options Screening, 
DIM-243 Item III 

ESF Alternatives Study 
Task 4 Deliverable for 
Options Scoring, 
DIM-243 Item III Part 2 

Exploratory Shaft Facility 
Alternatives Study Testing 
Input Package Test 4 
Deliverable

3/9/90 E.R. Gruer

5/2/90 E.R. Gruer

5/9/90 E.R. Gruer 

5/14/90 R.E. Finley

60/12611/ 
DIM243/1.4/QA 

60/12611/ 
DIM243/1.4/QA 

60/12611/ 
DIM243/1.4/QA 

60/12611/ 
DIM243/1.3/QA
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SUPPORTING DOCUMENTATION FOR 
SAND91-0025 - REFERENCES AND RECORDS 

PACKAGES, SECTION 5 (cont.)

Records 
Management 

System 
Number 
(RMS) 

8. *0188849 

9. *026437

Title 

Transmittal of Revised 
Section (Calico Hills) 
Exploratory Shaft Facility 
Alternatives Study Testing 
Input Package, Task 4 
Deliverable 

ESF-AS Task 4 Revised 
Deliverable Three 
(Final Data Package)

Source/ 
Date Org.  

7/20/90 A. Kalia/ 
LANI, 
R.E. Finley 

3/12/91 E.R. Gruer

File Code 

60/12611/ DIM243/1.4/QA 

60/12611/ 
DIM243/1.4/NQ

GUIDANCE FOR DEVELOPMENT OF 
SUPPORTING INFORMATION FOR OPTIONS 

The guidance for developing the ESF-AS options can be found in the following record:

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

12/7/90 A.L. Stevens
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10. *025483

I
60/12611/ DIM243/1.3/QA



APPENDIX 5B 

INFORMATION SUPPORTING COST AND SCHEDULE



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

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

3. Description of ESF-repository cash flow projections development.
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January25, 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 categorized 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:

* Design & surface construction - 5 days/week 

* All work below ground-7 days/week 
* Holidays = 10 days/year plus an adjustment for Christmas and New Years.  

9. FIXED DATES/DURATIONS - ALL OPTIONS:

* Start of Design -03/91 

* Start of Site Preparation - 06/92 

* Start of First Access/Early Testing - 06/93 
* MTL Testing Period - 5 years 

* NRC Review Period - 3 years 

* REPOSITORY LIFE CYCLE: 
"• Construction Phase 

1. Design: LAD = 30 months 

FPCD = 42 months 

2. Physical Construction = 5 years 

"* Emplacement = 25 years 

"• Caretaking = 25 years 

"• Retrieval 

= 9 years for Design and Construction plus 

35 years for Retrieval 
"• Closure and Decommissioning without Retrieval 

= Varies from 131 to 238 months 
"* Closure and Decommissioning with Retrieval 

= 7-1/2 years

10. DESIGN:

ESF DESIGN 
- Duration for Single Site 

(Based on WAS) 
- Duration for Multiple Sites 

CH LEVEL DESIGN 
- Duration

= 480 days 

= 518 days 

= 155 days
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11. SITE PREPARATION:

* Activity includes site preparation, buildings, utilities and roads 
* Duration for single site = 249 days 
* 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: 

" SHAFT: 
- Constructed to final depth prior to start of exploratory drifting 
- Construction duration includes time allowances* for the following non

current activities: 

"* Surface Plant/Hoist Set-Up = 39 days 

"* Collar Construction = 80 days 

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

* Shaft Utilities = 100 days 
* Testing Activities (See Item 14) 
"Note: Time allowances may vary slightly from Option to Option.  

"* RAMP: 

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

"• Surface Plant/Portal = 118 days 

Construction 
"* Testing Activities (See Item 14) 
"* Ramp Excavation - Based on Advance Rate in Item 13 

13. EXCAVATION ADVANCE RATES: 

SHAFTS (Includes Lining except for Blind Drill) 
- D&B (Drill and blast): 12' DIA = 8.2 FT/DAY
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16' DIA = 8.4 FT/DAY 
- 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 

" RAMPS (Not lined, but includes wire mesh and bolts plus invert) 
- TBM: = 55 FT/DAY 

- ROADHEADER: = 24 FT/DAY 

" 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.  

* ACCESS-SCENARIO 1 OPTIONS 
- SHAFT, Full Test Program: 

* 512 days from surface to MTL 

• 409 days from surface to MTL (SBM & V-Mole) 
* 184-189 days from MTL to Calico Hills 

- SHAFT, Minimal Test Program: 

• 32 days (mapping) surface to Calico Hills 
- RAMP, Full Test Program: 

* 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) 

• 172 days + 1 day per week of construction from MTL to Calico Hills 
- RAMP, Minimal Test Program: 

* Not applicable in Scenario 1
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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 MTh 
* 1 day per week of ramp construction MTL to CH 

* EXPLORATORY DRIFTIrNG (CH&TS): 

- Advance rates are not impacted by testing.  

• MTL AND DEFERRED ACCESS TESTING 
- 5 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.  

c) 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 5 year MTh 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 II - 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.  

2. 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.

5B-10



4. Work Shifts: As per schedule data.  

5. 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 

COST SITE 
'0 "COH" LEVEL OPERATIONS COST TECHNICAL 

OPERATION AND SUPPORT COST 
MAINTENANCE 

OF THE SITE 

SEEPAGE3 REECO EFFORT SEEPAGE6 

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 AT TS 
DRIFT/FACILITY EXCAVATION AND 
UTILITIES, SEE PAGE 4 

TS EXPLORATION 

ALL EXCAVATION TO FAULTS WITH 
UTILITIES 

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

- 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.  

- CCH EXPLORATION 

ALL EXCAVATION TO FAULTS WITH 
UTILITIES L 

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

- CCH TESTING 
SAMPLING, INTACT. FRACTURE, 
DIFFUSION, ETC.  

PAGE 3
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MTL AT TS 

COSTING METHODOLOGY

GROSS COST 
ESTIMATED COST TIMES 
CONTINGENCY FACTOR I 

ESTIMATE 
ENGINEERED QUANTITY TIMES 

UNIT COST 

UNIT COST 
SPECIFIC TO METHOD 

SEE PAGE 5

LABOR 

MATERIAL

EQUIPMENT 

PAGE 4
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UNIT COST 

TYPICAL EXAMPLE

LABOR 

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

$ S/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%

EQUIPMENT 

RENTAL RATE X TIME X ADDER

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

TIME 
QUANTITY/RATE OF WORK 
MEANS PUBLISHED DATA 

-ADDER 

GEN. AND ADMIN. AT 13%

PAGE 5

MTL 
UNIT COST 

MINING METHODS ARE 
D & B AND MOBILE MINER

/



TECHNICAL SUPPORT 

LABS & A/E's

PAGE 6
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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

i I

I I



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 II 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 I.  

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)] 
= 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 

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: 

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

"* Design and QA procedures similar to those applied to current commercial 

nuclear projects, 

"* Equipment and material from U.S. sources, 

" Availability of craft and professional personnel in the general project area, 
including Las Vegas,
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"* Craft wages that comply with the Davis-Bacon wage rates (DOI, 1986), 

" An uninterrupted 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.  

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

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

"• Title III (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 - Al 12 
3,20 - A2 12 
4,21 - A4R1 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 1.25 0.90 1.15 0.95 1.25 0.95 

2, 19 - Al 1.22 0.88 1.27 0.88 1.17 0.93 1.27 0.93 

3, 20 - A2 1.22 0.88 1.27 0.88 1.17 0.93 1.27 0.93 

4, 21 - A4R1 1.22 0.88 1.27 0.88 1.17 0.93 1.27 0.93 

5, 22 - A5 1.22 0.88 1.27 0.88 1.17 0.93 1.27 0.93 

6, 23 - A7 1.22 0.88 1.27 0.88 1.17 0.93 1.27 0.93 

7, 24 - B3R2 1.23 0.87 1.28 0.87 1.15 0.95 1.25 0.95 

8, 25 - B3R3 1.23 0.87 1.28 0.87 1.15 0.95 1.25 0.95 

9, 26 - B3R4 1.23 0.87 1.28 0.87 1.15 0.95 1.25 0.95 

10, 27 - B3R5 1.23 0.87 1.28 0.87 1.15 0.95 1.25 0.95 

11, 28 - B3R6 1.23 0.87 1.28 0.87 1.15 0.95 1.25 0.95 

12, 29 - B4 1.25 0.85 1.30 0.85 1.17 0.93 1.27 0.93 

13, 30 - B7 1.25 0.85 1.30 0.85 1.17 0.93 1.27 0.93 

14, 31 - B8 1.25 0.85 1.30 0.85 1.17 0.93 1.27 0.93 

15, 32 - C1 1.22 0.88 1.27 0.88 1.17 0.93 1.27 0.93 

16, 33 - C4 1.22 0.88 1.27 0.88 1.17 0.93 1.27 0.93 

17, 34 - R11 1.25 0.85 1.30 0.85 1.17 0.93 1.27 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 

High estimate 

Repository high 

Low estimate 

Repository low

= project total from cash flow 

= (ESF construction total * 1.20) + (ESF operations total * 1.20) + 

(Calico Hills * 1.24) + repository high 

= (construction * construction high %) + (emplacement operations 
* emplacement high %) + (caretaker operations * caretaker 

high%) + (decommissioning * decommissioning high %) + 

(surface facilities + disposal containers) * 1.25 

= (ESF construction total * 0.95) + (ESF operations total * 0.95) + 

(Calico Hills * 0.95) + 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.

I
5B-26



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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APPENDIX 5C

COMPLETE DATA PACKAGE 

FOR OPTION 30 (B7)



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) 5C-9 

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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WBS 126111 .  

NA 

OPTION 30 

B7 (Scenario 2) 

CONTENTS (CONCLUDED) 

COST AND SCHEDULE DATA SHEETS 
ESF/CH/REPOSITORY SUMMARY 5C-28 

1) Cost and Schedule Performance Projections 5C-28 
2) Table of Annulized Costs (Cash Flow) 5C-29 

ESF/CH 

1) Schedule 5C-36 
2) Milestone Schedule 5C-37 
3) Procurement Schedule 5C-38 
4) Schedule Activity Report 5C-39 
5) Take-off Sketch 5C-40 

REPOSITORY 5C-41 .  
1) Cost and Staffing Estimates 5C-42 
2) Schedule 5C-43 

ESF ALTERNATIVES STUDY DATA SHEETS FOR TESTING 
INPUT OPTIONS 13 (B7) AND 30 (B7) 5C-44
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114 TLIEOITRYHOIZNTO CN "I4ONIC. "F R INFORMATION ONLY11 

TOBE USED 11 THE 

ESF MLEHRNAl STUDIES- --

DATE 9/21/90

5C-11
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NTL/CH DATA SHEET 

SELECTED OPTION No. B7-SCENARIO 12

FSsd-AS-430 Rev.1 Pag l,

OPTION DESCRIPTION MECH.ANICALLY MINED REPOSITORY WITH TWO SHAFTS AND TW-O RAMPS. NCWIN AND SOU.JTH ACCESS 

MECHANICALLY MISNED ESF WITH TfO RAMPS (TUFF AND WASTE). 141L AT SOUTH END OF 

REPOSITORT. CH ACCESS ST INTERNAL RAMPS FROM TUFF AND WLiASE RAMPS AT NCRF" AMC SOUTH1

CONCEPT FEATURES KTL CH 

LOCATI O• ScJTM N/A 

ELEVATIO•r SKAFTIRAIP STATICl 3730 3106 

APPX. DISTANCE TO UATER TABLE (FT.) 1318 644 

MTL LATOUT AREA (SO. FT.) 9 183U U/A 

DEDICATED MTL AREA (SO. FT.) 1.194055 N/A 

EXPAJNSICOI AREA AVAIL. (SO. FT.) 327B221 K/A 

.MINIG ExpL. DRIFTS MECH. (Tom & cO'ILE MIWER) TiK 

,TMW TECm. (O6BILE NINWER) ROADHEADER 

EXTENT OF INTERSECT DRILL MOLE WASH LONG NORTH/SOJTK DRIFT 

EXPLCIRATORT AND GHOST DANCE FAULTS INTERSECTING DRILL HOLE WJASH 

DRIFTING WITH LONG DRIFT TO NORTH, AND GHOST DANCE FAULTS. DRIFT TC 

DRIFT TO IMBRICATE FAULT IMIRICATE, GHOST DANCE (TVICE).  

OFF OF LONG DRIFT AND SOLITARIO CANT•ON FAULTS 

MATERIALS WATER (GALS.) CCRETE (a.)!. TOS.) STEEL (TOWS) 

j[. ESF ACCESS #1 900535 

ESF ACCESS 12 158 576 .. __. ___. _"......' __. ______ _ _..."_ _ 

ESF ACCESS 53 '.. _.___._____"-_____'______ __________`__.___.___:___ 

MTL/EXPL. DRIFTS 4361436 ._____:____. _ ..._.__ W.. - - " 

CH ACCESS 01 774900 ______________ 

CH ACCESS 92 738000 _______________ _______________ 
. .. .. . ... ... . . ...*. .• i~i 

CH ACCESS 93 

CM EXPL. DRIFTS 2Z39110 

**TOTAL 10598587 32776 740 

NOTE: ALL VALUES SHMOCI ARE APPROXIMATE AND SUBSJECT TO CHANCE DURING DESIGN

C.3 
LW

"FOR INFORMATION ONLY" 
*TOTALS FR cCJCRETE ANO STEEL 00 NOT IICLLDE CM( QUATITIES. TO BE USED IN THE 

ESF ALTERNATIVE STUOIES 

DATE 10/10/90

5C-12
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/r) 12 I'
XTL/CH DATA SHEET FU-AS-430 Nev._ •Pa•,_of_2 

SELECTED OPTION No. T7-5CENRITO 12 

OPTION DESCRIPTION PKCXAWICALLT RIMED REPOSZTOrT rITe Thn SHAFTS AN Tln RAWS, IWM A' $WIN ACCESS 

PECNANICALLT NIXED ESF VWIN 1W lMPS (TUFF AM U&SiE). XIL AT SCUM tWo OF 

REPOSITORY, CM ACCESS IT uTaAM. RAMPS FROM UFF AN UtrE RTAW$ AT IRsT AMD SWIN 

ICONCEPT ?EXTUIRPR r • Iv-
OPE*AI5ILflT COMENT$S 

Provides better operational efficlerncy and flexibility than hst Case. L-rwe accte gcmings 

Provide additioal ESF ventilation capacity. The addltional air could be used to -1 rt expar'.eion 

of NIL testing. additiorat exploratory driftirng. and testilng of the Calico Nitls. Revised NTL 

Configuration enfhaed wentilation efficierncy. Larget dedicated NIL or" and ew co:f(9uLrtilon 

facilitate NIL eixparion by reca:Lrq the potential for Interference between klL cormetrXtion 

Sa Id on-toir testing activities.  

SEQUENCE OF 0COSTIUC11OW 

I ES? Access Of M25 ft. die. ramp) 

o Lore declitn 8 142 with Z5 ft. dia. TIk, Inetall temporary stilitfes a-d ground ox. rt as required.  

As-,* muck with cawveyor.  

a Crnd€•ct sll sched•led tests at desv-nated locationa interrupting boring required.  

0 Cut statfons ad transfer points a reqfared at Kil ard at on intermediate location to facilitate 

driving of ramp to CM Level.  

2 E .F Access 02 (25 ft. die. rarp) 

o hore decline 1 8.9" with 25 ft. dia. T•M, itstalt temporary utilities and grourd sa, rt as 

reqjired. ftenr,v mxuk withi cowe7yor.  

a Cordrxt ll sededjlad tests at designated locations interrutinrg boring as required.  

a Cut statlron ard trarafer points as required at NTL and at an inte.r aite location to facitlitate 

driving of rwVp to CM Level.  

3 Calico mtlls 

a Excayvte exploratory drifts with a Tlos frco the bottom of CM ALcesses i1 and 92. Additio-Ar drifting 

"" y be done with a roveadheer.  

* N:le.l m.ck with crw-yor &Lpl.mted by rubber tired aqUdp•ent.  

0 Calico Nills deveopa-ent will be dor on a first priority be•ds with NIL activity.  

4NIL 

e Drift frcm th, bottom of both c -toarde the center of repository block with Tlog untill a 

* conection It made.  

0 Excavate the romfntrq exploratory drifts aid t"sin tin li ti ~ ... ~er~r 
r .k haulge. to a conveyor transfer. INFORMATION ONLYI 

O 0BE USED IN THE 
ESF ALTERk'ATIVE STUDIES

TZ: ALL VALX tMS SNC. ARE APPROXIMATE AND "JECT T0 CuHalE omINr. OESiGM

5C-13
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"XL/CIH DATA SHEET 

OrLECTED OPTrON No. B7-SCENARIO #2

OPTION DESCRIPTION WCHAXICALLY KINEU 3Euzto WIT" T.o SIArTs £5 TWO RAMPS. eMTH AQ $0sUu. ACCESS 

PECANKICALLY MINED $SF VIT lNO RAMPS (T~IJC1 £0 VLSE). 4Tl. AT SXJrX (Eo Of 

2EPITORTm, CM ACX$SS 9 INTERNAL R4AMPS Faa lmrTUFF A W.ASTE R.AMPS AT CWiTH A1 .SCK0 M

NioTZ: ALL. VALutS SH061M1ARE APP5OXiINATE A.50 SL'JCCI TO CKANGE "~ING DESIGN

C,3

I
5C-14

CONCEPT TEATURES (CONTiM.O)

CO$STXCTlIILITT €CCEKTS 

Trm aethods havve pove to be effective in a variety of conditions and situations, ad permit 

contruction schedotes to be predicted with rva.onabie accurtacy. uncertainty eaists with respect 

to the feasibility of saw* scientific (nvittisatiora of the rock surface duting excavation 

oPeratfiom. The TO( method inflicts less rock dge and Lacs less tater per unit excavated 

than do"s drilt aid blast method. This my be a benefit to the Site Characterizatlon activity.  

Tl• boring of the Uast. Ramp cmdbination horizontal mad vertical cv will advance at a 

stover rate than would flat curve or straight decline drivfng.  

The aechanfct method (mobile miner) which may be employed for XTL exmavation utilizes 

proven disc cutter technology. This method offers so-e degree of orientation flexibility and Iree 

access to excavated surfaces for scientific irrestigation. •ncertainty exists with respect to water 

sage and production rates slice tlh mo-bile miner is a protot•ype excavating machine.  

Use of a rvadheader for Calico Kills exzporatory drift excarvation utilizes p-oven technology 

nd Is app•icse.a to the softer nrwa-lded tuff of the Caltco Hills forwatiof. A rodeader has the 

advantages of tess rock daage and sater use co:pared to drill d•n blast metho, hish shape 

and orientationar flexibility. anrd relativly good test accessibility and safety.  

"FOR INFORMATiON ONLY" 
TO BE USED IN THE 

ESF ALTERNATIVE STUDIES

Il

FSAd-AS-410 2". 0 ,1 ý.,-b



ESF SURFACE FACILITIES DATA SHEET 
SELECTED OPTION NUMBER: Scenario #2, B7 
OPTION DESCRIPTION: Tvo Ramps (One N and One S)

LOCATION SIZE DISTURBED AREA 
FACILITT (ESF ACCESS) (ACRES) (ACRES) 

RAMP PAD 
HOIST HOUSE 
SURFACE DATA BLDG. 12 1.9 2.57 
OPERATIONS BLDG.  
SHOP 
CONTRACTOR AREA 
COMMUNICATIONS TOVER 
MPBH AREA 

RAMP PAD 
Valker/Shop 
Change House 11 16.79 22.67 
Muck Pile 
Contractor Area 
Varehouse 
Equip./Scientific Trailers 

TOPSOIL STORAGE PAD J-13 6.10 8.24 

BORROW AREA 12 14.3 14.3

AUflLLIART PADS 
TEST SUPPORT FAC.  
CHANGE HOUSE 
WAREHOUSE 
BATCH PLANT 
EXPLOSIVES STORAGE 
EQUIP./SCIENTIFIC TRAILERS 
VEHICLE MAINT./FUEL 
PARKING 
SECURITY FACILITY

11 22.11 29.85

ROADS A Tf.61 mi. 25.53 

DRA.INAGE MANAGXEMENT 1.62 2.19 

SUB TOTAL 105.35 

UTILITIES LOCATION SIZE/ITT. DISTURBED AREA 

WASTE WATER #1 and 12 1.53 2.06 

SANITART FACILITIES #1 and #2 2.53 3.42 
SURFACE FACILITIES 61 and #2 4.82 6.51 
WATER 

TANKS 11 and 12 2.75 3.71 
BOOSTER PUMP 
USAGE (GALLONS X 1000) t 

ESF CONST. 70,700 
ESF OPER. 109,500 
TOTAL 179,700 

SUB TOTAL 15.70 

TOTA.L 121.05

5C-15
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REPOSITORY DESCRIPTIONS

OPTION NU"ZR 30 (37 SCWJL.IO 2) 

OPTION DESCRIPTIONz )CCK)AYICALLY XINED RXPOSITORY WITH 
TWO ERAFTE AND TWO --CP; XORTE• ND 
SOUTH ACCESS 

)ZCAMXCJ.LLT XlXZD 287 WITH TWO 
XIMPS (TUF7 AND WAST2 RXXP) 

TL iT SOUTM KND O REPOSITORY 

Repository Description 

Accesses to the repository include the tuff ramp and the men-and
materials shaft in the southern end, and the waste ramp and the 
emplacement exhaust shaft (close to the central mains) in the 
north end. The ramps are developed by TBM. Emplacement drifts 
are perpendicular to a group of four mains, and are developed by X= 
TBM across the full width of the repository to intersect the 
single, continuous perimeter drift. Development proceeds north Ll | 
to south, with emplacement following in the sane direction. L 
Repository surface Facilities Description 

C) 

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

9/24/90

5C-16
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REPOSITORY DATA SHEET REPOSITORY CONSTRUCTIBILITY AND 
OPERABILITY COMMNTS 

OPTION NUMBER 30 - (B7 SCENARIO 2) 

OPTION DESCRIPTION: )ECHANICALLY XIMED REPOSITORY WITH 
TWO SHAFTS AND TWO RAKPS; NORTH AND 
SOUTH ACCESS 

KZCHAXICALLY KINE ESF WITH TWO 
RAXPS (TUFF AND WASTE RAMPS) 

mTL AT SOUTH XND OF REPOSITORY 

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

"o TBM technology and equipment continue to improve at an 
accelerated rate.  

"o TBMs require a well-designed, totally integrated support 
system to function effectively.  

"o The use of multiple TBEs, combined with the large number of 
openings to be developed, requires a high level of technical 
TBE expertise.  

"o Optimal use of TBMs permits a simpler layout with longer -4 
emplacement drifts that results in fewer active headings and C 
simplifies operational planning.  

"o TBE methods use few machines for production and are 
susceptible to significant delays caused by major equipment 
breakdown.  

"o In long emplacement drifts, it is more difficult to isolate 
unexpected geologic problem areas than in panel layouts with 
shorter emplacement drifts.  

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

"o This layout has less drift footage and fewer intersections 
requiring less ground control monitoring and maintenance 
throughout the repository life.  

Sb6,00-24.#0 I
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OPTION NUMBER 30 - (B7 SCENARIO 2) (Cont'd)

o Long emplacement drifts result in fewer available working 
locations.  

O Long emplacement drifts will likely require alternate 
cooldown techniques for Inspection or maintenance and will 
take longer than shorter drifts to cool down.  

o TBE layouts have lower ventilation requirements than 
conventional mining.  

o Operational flexibility and ventilation margins may be 
enhanced with additional or relocated ventilation shafts.  

o Uniform drift cross sections allow for consistent ground 
support methods.  

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

C-3 
o Initial construction of the repository Is enhanced by having 

the tuff ramp and main completed as part of the ESF.  

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

2
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REPOSITORY DATA SHEET 

OPTION N•RKBD 30 

OPTION DESCRIPTION:

THE ROLE OF THE ESP OPENINGS IN 
REPOSITORY CONSTRUCTION AND 
OPERATIONS 

(B7 SCENARIO 2) 

CECHA"ICALLY XIKED REPOSITORY WITH 
7vO SHArTs AND TWO RAXPS; XORTH AND 
SOUTH ACCESS

KECHANICALLY MIXED ELS? WITH TWO 
RAMPS (TUFF AND K&STE RANP) 

MTL AT SOUTH EKHD OF REPOSITORY

The ESF openings are: 

o Future repository tuff ramp

0 Future repository waste ramp.  

Repository Construction Phase 

The tuff ramp is the main route for muck- 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 muck from the shops and the men-and
materials mechanical shaft-sinking operation and other subsequent 
development.

Fresh air 
materials 
be routed

C= 

CC) 

CD 

CD

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

Men, materials, and supplies will be transported via the waste 
ramp until the men-and-materials shaft Is commissioned. Mining 
equipment may be taken underground on either ramp.  

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

1
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OPTION KUXBER 30 - (B7 SCONAR-1 2) (Cont'd)

Repository Operations Phase 

During repository operations, the functions of the tuff ramp 
remain the same as during the repository construction period.  
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: 

o Training area for waste emplacement activities 

o Emergency and mine rescue activities.  

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

4

LR 
Cl

0 I C0
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IPEPACT OF XTL MOVEMENT

OPTION NUMBER 30 - (B7 SCENARIO 2) 

OPTION DESCRIPTION: KECRHANICA.LY XINED REPOSITORY WITH 
TWO SHAFTS AND TWO RAMPS; NORTH AND 
SOUTH ACCESS 

xrCHAICALLY MINED ESF WITH TWO 
RAMPS (TUFF AND WASTE RAMP) 

MTL AT SOUTH DND OF REPOSITORY 

Impact of Xoving the XTL on Repository Design 

The conceptual underground layout has the flexibility to 
accommodate any relocation of the MTL. A continued 
ESF/MTL/repository interface can mitigate repository design, 
construction, and operating complications resulting from the 
relocation of the HTL. At this phase in the design process, an 
MTL location adjacent to the central mains or the perimeter would = 
have the least impact. Specific effects to be considered are the €• 
following: 

"o regional temperature distribution; 
C0 

"o utilization of available emplacement area; M 

"o isolation of ventilation systems; C) 

"o ease of development and operations; 

*o 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 MTL. If 
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 XTL horizon is changed, connecting drifts 
off the ramps at the proper elevations will be necessary, and 
other connections to the repository level will have to be 
reexamined.

5C-21
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REPOSITORY DATA SHEET 

OPTION NUMBER 30 

OPTION DESCRIPTION:

BASE CASE DESIGN DEFICIENCY 
COMMENTS 

- (B7 SCENARIO 2) 

)ECHANICALLY MINED REPOSITORY WITH 
T1O SHAPTS AND TWO RAMPS; NORTH A"D 
SOUTH ACCESS 

MECHANICALLY KIMED ESP WITH TWO 
PAxPS (Tury AND WASTE RAMP) 

MTL 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 maximum 
flood area and so may be subject to flooding.  

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

3. Repository access openings and main drifts have limited 
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 option: 

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

2. Repository emplacement area was redesigned to provide 
additional area for potential ESF expansion.  

3. 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 
emplacement drift sizes increased to 25-foot diameter.  

Jbc/09-ZR-90
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3.EPOSITRY DAIA SHET REPOS7TORY ACEESSES -PHNYSICAL PEA71JPI-S 

ornoNi Nu)cu 3o - r7, 3=E Al 0 2 

Or~mnmz3 inoN. WEOANICALLY WGNED R.EIOS=rRY WYTH TWO SHJJT A TWO RAP.A~S.  

WJORTH AND SOUTH ACCES 
UMCK&NICALLY ).Q.ID ESP v.7TH TWO RAMIS MIFF AND WASTE R~AMP) 
MMhAT SOUTH VDM OF EOS1TORY 

KNA EMPLACFMEN'T 
FETUR~ES MTRASX3AT U WASTE 

TYTE SAFT SHAFT A&L-, 

AM X DtA(FT) '70MHED 250 2:5 25z 

LDC40TYE WDNc~tEE CONRETE NOT DrETEYJ. NOT D~rn:RJ.7 

CIOSSSE-CflCA.LAR.EAMMF1 491 4914m0 

CNTUCflO9 UEMHOD () EO{ANICAL ILECOANICAL, MEZEOANCAL, UMCANICAL 
VmOLEJ VmoLE/ IBM TIM 

RAIMEORE RAnZORE 

MEH Om TO REP.LEVEL 1176 1170 3597£5 
OlZONtA.D15TANCE (F-) uA W/A 3M424 

LRAIDE VERTICAL VERTICAL L9% 

EERN NOT Afl1CARLE NOTAP7LCABLE S54 E N 65 VW 

LOCAION(AflROX) 

SURFACE N 75i=0 W0690 7561% sz 

E 3571w 54328 5cu 3£c 

EL 40 374125 6 

UNDERGR N 758188 75 

I - 5S4S 54453 

=2 74 3M3 36M215 

?PEIN FUNCTIn AStA1ON WAS71 MUCK HAULAGE ROUTE FOR AUI 
WREPlOSTORY OFPER.SO1NNI-, D.I?LACEMENT UNDEFRGROUN7D To TRA.NsoxTED %WAS-,E 

3LXZERIALS ZX~AUS7 AIR SURFACE FROM SURFACE 
AND SUTFLMS To U1,EROROU)ID 
VENTLuATION' VENMLATON VE471[LATIOIJ VEN'TLATION 

"0 FUNCTIOND IN SF NONE NONE ACC f I ACCSS f 2 

(C) UMOKANCALEXCAVAMfON ULES FaJL FACE 7UNMEL BORING MAO{DKE C13).C4 rlESE TBMJ VMILLUSE ADOMM~ 

READ WITH 32CE CWTIE&S.  

VW.OLE EXCAVATION1 FOR VLAFT COsMU~tnOH CO~nSTSl OF MEOiAYOCALLY EXL4A3ODW AN MGTD0 7LMDT liOLE 
'WITH A VMMTCAL. gi CO*1TAIM 30D(O MACHWZE. WHOSE aJTIERHE-AD HAS A V CO*(FOUL471ON. THE PIL~OT 

80LE IS CflHaTRUCM BY RAISE BORING.  

SOURCE- r7ACCI'X12 X7,%.p-0
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: POSITORY DATA SK4IT 
StLttttb OPtION WH9.414"I 

OPTION OtSCRIP~TO"I

SIJRPACt OISTWINANCt 

11?

(

-Scenario 2
OetC'AMICALLY WINES PePOSiVOMV WITH two SHAFTS AND TWO RAW*$g WOnt1H AND OV301- ACCESS 
MECHANICALLV uiN EIP 1H TWU RAMPS (tUFF AND WAStE NAMPI 
:TL AT OUTH 0N of RE111I 14Y DtSTi"Nevl AREA 

(acres)

1.0 Central Surface FaCilities tEAS1 OF ORlE HILL) 

1.1 Waste Handling Arse tint. WOtte Remo Poetal) 

1.2 USewag 0le0066l Lagoon 

1.S Land Dspeosal Apes 

1.4 beat"&** Diversion 006.  

I.S 11a41tead and Access Read$ It*.40 Mite WaShl 

t.6 Utilities (Power. Water. 0S9eret 

2.0 Nen and materials shoot or 110-0 (YUCCA CREST AT HIGHWAY RIDGE) 

2.0 Main Facility bibdge. prhing. who*. Isydouni 

2.2 Ate@&* Needs 

2.2 Utilities t~eaer. Water) 

3.0 telaeeouent tahaouet Shaft ItMP OF DEAD YUCCA RIDGE) 

2.1 Palm facility (ton bidgs*. ork6g. lmydown) 

5.2 Aucaes Needs 

3.3 Utilities (Power. water) 

4.0 tuft *600 10140? DANCE WASH)) 

4.1 Portal end Muck Pit*le mic bids*. priting. tenveyosr. Imydowri) 

4.2 Acegs* Moods 

4.2 Utilities (PeweP* Water)

SOURCE, IN?-SvIS.wtuI TOTAL AREA 3726-Apr-9O

001304 DMcwmm,

(

120 

22 

20 

30 

14 

302 

to 

2? 

to 

.. .. .. .  

73 

9 

ESP 0 

ESP 0 

I... .. .
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WOE?05=RY DATA SHET 

Vt'flON NtuhmQu 30 

07110K DESCPWrlOL-

WEP=ORY QUANI4TTIES - EXCAVA71ON LE?#OflU AND AREAS 

17. S=ENAM 2 

MECHANICALLY IAWfES) REPOSITRY WIVTH TWO SHAFTS A TWO L41.n 
)40RTH AND SOUTHl ACCESS 
MECHAN4ICALLY MVaxD ES? WITH TW" RAn MIUFF AND WASTE LUG') 
UlL AT SOUTHf END OF WMOS[TORY

]EXCAVATION LENGTHS ACCESS OTECtNGS LINEAL FEET 

(I) MAN.O DRFS09 

ZhlAWCEMET MCANIFOLDS 49 
(1) D4LACE)4DEr DRlFI7S 23.757 

ENO'LACENENT HOLES93M 
PERDAETER DR9FI3 x 
SHOMl OFFICES AND DRIFTS 414M 

(2) TOTAL dACU60 

RPSITORY AJREA ACR1ES 

(2) WIax~ESFALTER.NAThTES 

ZTVDY 3OUKDARY 23s0 

FOR EDACMET 

FOR LkYOUT LOSME ~ 
(SHOMS MAINS STANDOFF. EMC) 

PROVIDED FOR MS TESTING3 

(4) NE TW.CAX41NO 561] 

NOTES

(I) THEsE QuAKnT=E REFESNT TH TOTAL LENGTHS EXCAVATED )OUm THE MS LENGTHS 

(2) TOTAL D~OES a jNOTa=E MM~ LENGTH OF1 TH OLACEZET HOL~ES 

(j) RAIED 0*N oUXLD4 OF POTENTALKDOSTTOZYAI!A ASnSUM FOR ESP ALTER.IATZVES STUDY.  

(4) N(OT NMEANT TO D.L7Y THAT THIS AREA 13 AVAIL~A3L FOR WAITE VL{EN7LC-ET.  
UTElZATION OF THIM W.4AD4WO AREA FOX THE PURPOSE OF EIQLACINO WASTE WIlLL 
DEYEND F W.(ARJL ON DESIGN ES? LOCATION. REPOSMTRY DE'VTLOMENT SEQUENCE 
=iOe AND OVERALL LAYOUT CONFIGURATION. FOR SOJME OF TIHE OFTIONS IT 5 LM..Y 

THAT ONLY SML4&L tornoms OF THE INET L CAINDO'CANIL E SUCCESFULLY UJSED 
TO EMFLACEE WASTE.  

OUA=MT~ DO N~OTINCLUDE DOACTS Of EAST/WIEST WXL,0LATION DRWTD4O.  

"SOtJRCE rW7.QNT.Vw-1Ij 7ZtSq9Q
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DATASCEN1/13

FSN-SD-AS-476 TASK 4 STUDIES SCENARIO #2 
COST AND SCHEDULE 

Esr OPTION: B7 PERFORMANCE PROJE CTIONS 10/17/90 
COST SCHEDULE DURATION FACE 

ITEM HIGH r+j ESTIMATE LOW [-] HIGH [÷+ MONTHS LOW [-. MAN-HRS 

441000 
ES CONSTRUCTION 22% 619,530 5% 22% 67 0% 

CH CONSTRUCTION 24% 154,884 0% 24% 42 0% 
PEAK 
STAFF 

TOTAL 22% $774,414 4% 37% 67 L 0% 400 
.....................................................................................  

REPOSITORY COST SCHEDULE DURATION 
ITEM HIGH [+3 ESTIMATE LOW [-I HIGH [+] MONTHS LOW [-1 

CONSTRUCTION 15% 470,000 15% 0% 60 23% 

EMPLACEMENT OPS 30% 2,210,000 15% 0% 300 9% 

CARETAKER OPS 17% 340,000 7% 0% 300 0% 

PEAK 
DECOMMISSIONING 27% 480,000 7% 100% 149 0% STAr? 

SUBTOTAL 26% $3,500,000 13% 18% 809 5% g8s 
SURFACE FACIL. 3,120,000 '5-57 
DISPOSAL CONT. - 3,300000- - NA 
REPOSIT. TOTAL NA $9,920,000 NA . NA 809 NA, 

GRAND TOTAL NA $10,694,414 NA :: 

TOTAL ESPr,,~* 

U/0 RZPOsITORY 2664,274,4141% ..  

COST.... .$.1000 .... . ..... .., ........... .':.' .  

"+" & "-" PERCENTAGES ARE SUBJECTIVE & NOT RELATED TO STATISTICAL ESTIMATING METHODS 
- 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"fEi]; C1 IS FROM START OF IT'S "ENTRY" TO COMPLETION OF "ED".TOTAL TIME IS 
THE SCHEDULE DURATION FROM START OF "SITE PREP" TO END OF LAST THE "ED".  
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fSN-SD-AS-476 Rev. 4 TASK 4 ALTERNATIVES SILDY 
CASK FLOW 

.OPTION: 37-SCENARIO 2 (No.30) 
ITEX 1991 1992 1993 1199 1995 1996 1997 1996 1999 2000 2001 

.. ST. SuPPOL T 5,300 6,634 8,306 20,600 17,172 11,472 11,000 11,000 11,000 11,000 11,000 7,000 7,000 7,000 

REECO OPERATICO 0 1,558 7,075 8,255 14.204 12,222 10,200 8,200 6,200 2,866 2,866 2,866 2,86 2,866 

E LAS TEST .SePPOT NA 0 0 0 0 0 0 0 0 0 0 0 0 0 
FSN/HLN DESIGN 14,458 19,277 6.426 0 0 0 0 0 0 0 0 0 0 0 

S SITE CONST. 0 19,268 24,401 0 0 0 0 0 0 0 0 0 0 0 

FIRST ENTRY 0 0 38,899 30,565 0 0 0 0 0 0 0 0 0 0 
F ENTRY TEST 0 0 4,065 0 0 0 0 0 0 0 0 0 0 0 

SEC•ND ENTRY 0 0 40,937 28,527 0 0 0 0 0 0 0 0 0 0 

ENTRY TEST 0 0 363 0 0 0 0 0 0 0 0 0 0 0 
THIRD ENTRY 0 0 0 0 0 0 0 a 0 0 0 0 0 0 
ENTRY TEST 0 0 0 0 0 0 a 0 0 0 0 0 0 0 

MTL 0 0 0 0 22,590 14,725 7,363 0 0 0 0 0 0 0 
EXPLOR.ATICII o 0 0 9,947 59,6864 29,842 0 0 0 0 0 0 0 0 

IMTL TEST DRILLING 0 0 0 0 0 15,995 1,599 0 0 0 0 0 0 0 

DESIGN 0 0 11,056 0 0 0 0 0 0 0 0 0 0 0 

C FIRST ENTRY 0 0 0 3a,541 18,A32 0 0 0 0 0 0 0 0 0 

ENTRY TESTINUG 0 0 1,756 0 0 0 0 0 0 0 0 0 o 
M SECOND ENTRY 0 0 0 24,416 32,957 0 0 0 0 0 a a 0 0 

EXPLORATION DRIFTING 0 0 0 0 24,764 28,892 0 0 0 0 0 0 0 0 

ITESTING 0 0 0 0 118 710 710 710 710 533 0 0 0 0 

sUJFACE FACILITIES 0 0 0 0 0 0 0 a 0 0 0 0 a 0 
A DISPOSAL CONTAINERS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E C•NuSTRUCTlION 0 0 0 0 0 0 0 9,430 56,560 56,560 34,40 23,390 23,390 56,000 

P ENPLACEIENT OPERATIONS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 CARETAKE.ER..LAT7I1S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
s. 0EM.ISSIONING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ESF CONSTRUCTION TOTAL 14,458 38i5,4 115,091 69,040 82.274 60o562 .962 0 0 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 13,86 13 866 98a66 9.866 9.M66 

CALICO HILLS TOTAL 0 0 11,056 6,713 76.612 29 602 710 710 710 533 0 0 0 0 

REPOSITORY OTAL 0 0 0 0 0 0 0 9,430 56.560 56,560 34.,-0 " Z3,390 2,000 

PROJECTTOTAL 19,758 "6737 141,531 162,608 190322 113A58 30872 29,3U40 174,470 ,T70959 4..306 Y 6 , 

I ~COMLETION Of ESF OCT.2004
COMPLETION OF E•RLY TESTING 

TOTAL PROJECT COST AS Of 111/11995 529,235

(SF CONSTRUCTION TOTAL 

ESF OPERATIONS TOTAL 
COMPLETION OF LATE TESTING CALICO HILLS TOTAL 

TOTAL PROJECT COST AS OF 5/1/2001 REPOSITORT TOTAL 
89,557 PROJECT TOTAL

sm.92±~

001309 DATE12/6/90 DEC 7990
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FSN-SO-AS-476 Rev. 4 TASK 4 ALTERNATIVES STUDY 

CASH FLOW 

OPTION: 17-SCENARIO 2 (No.30) 

ITE, 2005 2006 2007 M008 2009 2010 2011 2012 2013 2014 2015 2016 201 I 21 

MOST. SIPORT 0 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 

E LAN TEST SPPOT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FS./R•L. DESICN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

S SITE CONST. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FIRST ENTRY 0 0 0 0 a 0 0 0 0 0 0 0 0 0 

F 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 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 0 

ENTRY TEST 0 0 0 0 0 0 0 0 a 0 0 0 0 0 

91%. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EXPLORATION 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 

DESIG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C FIRST 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 0 

M SECON ENTRY 0 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 0 0 0 

[TESTING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SURFACE FACILITIES 0 0 0 0 13,000 78,000 78,000 78,000 78,000 78,000 78,.000 78.000 78,000 78,000 

1 DISPOSAL 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 

E CONSTRUCTbON 216,350 216,350 216,350 216,350 180,000 0 0 0 0 0 0 0 0 0 

P EMPLACEMEHT OPERATIONS 0 0 0 0 14,733 88,400 88,400 88,400 88,400 88,400 88,400 88,400 88,400 88,400 

0 CARETAKER OPERATIONS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

S. DEC; 4ISSI(WING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ESF CONSTRUCTION TOTAL 0 0 0 0 0 0 0 o o0 o oao o o 

ESF OPERATIONS TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CALICO HILLS TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

REPOSITORY TOTAL 21,350 0 3216.350 216,350 229,567 297.,0 4•,0 ,00 297,400 497,400 9" 297 4 297 400 

PROJECT TOTAL 216,350 216,350 216350 1216,350 1229,567 1297400 1297,400 1297400 1297,400 1297,400 1297400 297400 297400 29700

001310
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FSN-SH-AS-4?6 Rev. 4 TASK 4 ALTERNATIVES STUDY 

CASH FLOIW 

OPTION: 27-SCEMARIO 2 (No.30) 

ITEM 2019 2•02 2021 20M2 2023 20241 2025 2026 2027 1 202 2029 1 2030 1 20)31 2032 

'NST.U. P"ORT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

REECO OERATION 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E LAB TEST SUPPOT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FSN/HIU DESIGN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

S SITE COCST. 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 

F ENTRY TEST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SE COW 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 0 

ENTRY TEST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

MTL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EXPLORATION 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

NTL TEST DRILLING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

DESICG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C FIRST 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 0 

H SECOWO ENTRY 0 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 0 0 0 

ITESTING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

"SURFACE FACILITIES 78.000 78,000 78,000 78,000 78,000 78,000 78,000 71,000 78,000 78,000 78,000 78,000 78,000 78,000 

A DISPOSAL 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 

E CONSTRUCTION 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

P EMPIACEMENT OPERATIOMS 88,400 88,400 88,400 88,400 80 88,400 88,400 8,400 8,400 ,400 88,400 8.8,400 8,400 88,400 

0 CARETAKER OPERATIONS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

S. DEcD4ISSIOwINI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ESF CONSTRUCTION TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ESF OPERATIONS TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CALICO HILLS TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

REPOSITORY TOTAL 2.400 299.040 297.00 0.297 .900 0 0 ,4 9,000 297,400 Z92,900 29 .00 7,400 297.4W 297,00 

PROJECT TOTALZ97,40 297,&00 29,400 27,400 297,00 1 Z, 400 [7400 297,00 297,400 297400 297,400 297,400, 297,400
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FSN-SO-AS-476 Rev. 4 TASK 4 ALTERNATIVES STUDY 

CASK FLOM 

OPTICON 37-SCENARIO 2 (No.30) 

lITEM03 2034 12035 12036 12037 12038 12039 12040 t2041 Z(202 2043 12044 204;5 204.6 
a , sT. sun't 0 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 

E LAB TEST SUPPORT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FSN/HLN DESIGN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

S SITE CONST. 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 

F ENTRY TEST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SECONO 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 0 

ENTRY TEST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

MTL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EXPLORATION 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 

DESIGN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C FIRST-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 0 

N SECOND ENTRY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EXPLOATIb DRIFTING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TESTING 0 0 a 0 0 0 0 0 0 0 0 0 0 0 

SURFACE FACILITIES 71,000 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 

I DISPOSAL CONTAINERS 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 

E COSTRUCTIlON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

P E)WLACENT OPERATIONS 88,400 73,66T 0 0 0 0 0 0 0 0 0 0 0 0 

0 CARETAIER 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. DECOM ISSIONItG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ESF COWSTKXCTIOW I0TAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ESF OPVLATIOMS TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CALICO MILLS TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

REPOSITORY TOTAL 297,400 251,933 24.600 224,66000 24,600 241600 24600 24,600 24,600 24,600 24,600 24,600 2,.600 24 600 

PROJECT I0TAL 3 29,0 121,3 12,0 24_ 60 2400 260 2,00 260 2 4.0 F25A6 F2±L,600 ±
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F'S,-S-AS-476 Rev. 4. TASK 4 ALTERNATIVES STUY 
CASH FLOW 

OPTION: 17-SCEWARtO 2 (No.30) 

ITEM 20%7 20.8 249 25 _2051 ZO52 2053 2054 1 2055 2056 7 2056 2 09 206 

IST. SUPORT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

REECO•PEATION 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E LAt TEST SUPP•CT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FS•IMHLN DESIGN 0 0 0 a 0 0 0 0 0 0 0 0 0 0 

s SITE CtAIST. 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 

F ENTRY TEST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SoECOW 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 0 

ENTRY 0ES 0 0 0 0 0 0 0 0 0 0 0 0 0 

HTL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

EXPLOSAT0 0 0 0 0 0 0 0 0 0 0 0 0 0 

oTL TEST DRILLING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

oESIGC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C FIRST 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 0 

H SE CO0 ENTRY 0 0 0 0 0 0 0 0 0 0 0 a 0 0 

EXPLORATION DRIFTING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

_TESTING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SUIFACE 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 

R DISPOSAL CONTAINERS 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 333 0 

E cowSTRUKCT I ON 0 0 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 0 

0 CARETAKER 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 0 

S. OECOMqISSIOlING 0 0 0 0 0 0 0 0 0 0 0 0 6,761 40563 

ESF COSTRUCTIOW TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ESF OP•RATIONS TOTAL 0 0 0 0 0 0 0 0 0 0 0 

CALICO HILLS TOTAL 0 0 0 0 0 a 0 0 0 0 0 0 0 0 

REPOSITORY TOTAL 24_600_4,600 24 600 2. 600 24,600. L24,600; 2,600 24,600 24 600 24,600 24,600 24 600 2'9,094 51563 

PROJECT TOTAL 24,600 24,600 24,600 1 24,600 1 A,600 1 24,60 ,1 24600 1 24,600 1 24.600 1_2,6 24 600 2909 51 56

001313 DECO 7 mQ
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FS.N-so-AS-476 Rev. 4 TASK 4 ALTERNATIVES STUDY 

CASH FLOU 

OPTIOC: 7T-S.NARIO 2 (NO.30) 

ITEM 2M6 206.. 2•0 3• I 4 2065 20" 6 2067,, 206 2069 207 2071I 2072 TOTALS 
CONST. SUPPORT 0 0 0 0 0 0 0 0 0 0 0 0 145,W54 

REECO OPERATION 0 0 0 0 0 0 0 0 0 0 0 0 82,247 

E LAB TEST SLUPNT 0 0 0 0 0 0 0 0 0 0 0 0 0 
FSM/HLN DESIGN 0 0 0 0 0 0 0 0 0 0 0 0 40,161 

S SITE CONST. 0 0 0 0 0 0 0 0 0 0 0 0 43,669 

FIRST ENTRY 0 0 0 0 0 0 0 0 0 0 0 0 69,46 

F ENTRY TEST 0 0 0 0 0 0 0 0 0 0 0 0 4,065 

SECO .ENTRY 0 0 0 0 0 0 0 0 0 0 0 0 69,W 

ENTRY TEST 0 0 0 0 0 0 0 0 0 0 0 0 363 
THIRD 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 

MTL 0 0 0 0 0 0 0 0 0 0 0 0 44,673 

EXPLORATION 0 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 17,594 

DESIGN 0 0 0 0 0 0 0 0 0 0 0 0 11,056 

C FIRST ENTRY 0 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 0 1,75"6 

H SECOND ENTRY 0 0 0 0 0 0 0 0 0 0 0 0 57,373 

EXPLORATION 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 __ 492 

SURFACE FACILITIES 11,000 11,000 11,000 11,000 11,000 li,000 11,000 11,000 11.000 11,000 11,000 9.167 2,.343,000 

R DISPOSAL CONTAINERS 0 0 0 0 0 0 0 0 0 0 0 0 3,300,000 

E CONSTRUCTION 0 0 0 0 0 0 0 0 0 0 0 0 1.305.170 

P EPL.ACTEMNT OPRATIONS 0 0 0 0 0 0 0 0 0 0 0 0 2,210,000 
0 CARETAKER OPERATIONS 0 0 0 0 0 0 0 0 0 0 0 0 340,000 

S. DEC"OMISSIONING 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 CONSTRUICTION TOTAL 0 0 0 0 0 0 0 0 0 0, 0 89 

ESF OPERATIONS TOTAL 0 0 0 0 0 0 0 0 0 0 227,731 

CALICO HILLS TOTAL 0 0 0 0 0 0 0 0 0 0 0 0 184 136 

REPOSITORY TOTAL 5, 1 51563 51563 51563 51563 515•63 51,563 51.5651,5 -l29,-51,W 4269 , 10o025o,494

PROJECT TOTAL 51.543 I 51.56.1 51 5&1 SiSAl I 5156.1 I SISAl

001314
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CLOSURE OF REPOSITORY 

Nv. 2072

10.826,6.
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lFEECO UPLRAHU1N5 

~PARATION FOR FIRST RAMIP 
k7 TESTING 

IA~rON FOR SECOND RAMP 

RAMIP 

6AP WPPING 

FEaiArORY SUPPORT DRIFTING/EXPL EXCAV I TBH I 
ONEXCAVATION IMOBILE HINER)3 

FLACCESS (MOBUILE MINER)3 

h[ (M13iLt NER I 
Fi?sTr DRILLING 

FFDES IGN 
Fý ACPCESS i i IrTBH) 

PHN RAMP TESTING 
FF H CCESS -12 ( T13MI 

F £ N RY To ENTRY ( TBI J 

'LORArION DRIFT (ROAONEADER.J 

~~~~~1 1 FENICX L. 5C[SSON OF NEVADA ~. I I ~t l IA~ 

1 0% TASK( 14 STUDIES lFSN-SD-ckS-476-REV3) 

ýsi*" m1 4"' aý r OPTION 87 - CONSTRUJCT ION - SCa2 REV3

00131 DEco 7mo

(A



(

IBAPRq6 tOMPLETION OF C H EARLY TESTING 

25JUNq6 tOMPLETION OF TS EARLY OR IFTING 
qmqyolSTART OF NRC REVIEW 

~ '~"~ '~ FENEK L SCISSON OF NEVADA ' 

TASK o4 STUDIES IFSH-SD-CAS-476-REVI) 

f*'~ m..4.~ '" '~'~ *OPTION 87 -MILESTONES- SCo2 REV I , ~
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1 mARq I IDECq 1 rgSFORMERS PROCUREMENT 
l6FEBq2 23JJNqT !UMPROUREMENT 
2APRA2 8AUSq3 Y~PCUREMEN r 

21MARq3 27JULq4 PROCUREMENT 
12JUNq3 180C.Tq4 ~ f PROCUREMENT 
12OCPq3 I MAR%5 FMF 311~NER PROCUREMENT 
12JANq4 2OMAYS Ebk B LE HINER PROCUREMENT 
I 2APRq4 1 8AUGq5 ii HEADER PROCUREMENT 

= ~ ~ ~ ~ ~~imF unit - "II~PU FENIX 9 SCISSON Of NEVADA I0,5PmI? 

NWWWC3 .w- 8-TASK( s4 STUDIES 1FSN-SD-cAS-476-REVIi 
~ .~. ~ ~, OPTION 87 -PROCUREMENT- SCo2 REY I ,,I
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.AIX & SCISSOW Of NEVADA FINIEST #"l TASK 4M STUDIES (U SNMS-AS-47p6-REV)

REMOT DATE 16RVOM RUN~ NO. *19 

9:28 
ACTIVITY REPORT

cr~N87 - sa"~ARIO 2 START DATE 1MKR91 F IX DATE 30UP04

"ATA DATE MIAR91 PAGE 90. 1

ACTIVITY ORIG REK ACTIVITY DESCRIPTION SCXEOCJLED 

to DUR DUR CAL I START IFINISK

CFERA71OWlS AND TESTING 
1 3356 3356 1 0 
2 4271178 

PRIOUEKENT

43 

6 

26 
2s

DESIGN 

7 
;7 RAMP 

9 

10 
Surlm R.AxP

270 

'973 
473 
475 

473 

47.3 

'73 

475

270) 2 
473 2 
475 2 
473 2 
473 2 
4973 2 
4975 2 
473 2

0 

0 

a 
0 

0

Ste s3181 0

281 281 1 
200 200 2 
A4.3 463 2

11 281 281 1 
12 336 1362 
13 19 19 2 

1ADERCROAM FACILITY 

14 274 274 2 
17 464 A642 
31 96 96 2 

15 630 650 2 
18 320 320 2 

19 1742 1742 2 
20 101.6 10'.6 2 

PROJECT MILESTONES 

40D 0 0 2 

37 0 0 2 
41 0 0 2

rALICO KILLS$ 

27 
33 

24 
2a 

29 

32 

*30

155 155 1 
263 263 2 

81 81 2 

309 309 2 

167 167 2 

339 339 2 

1742 1742 2-

0 
0 

0

0 
0 
a 

0 

0

0 

0 

0 

a 
0 
0 

0 
a

CONSTRUCTION SUWPPOT 

AfEEE OPERATIONCS

TRAJSFORKERS PROCUREKENT 

1T6 PROCUREMENIT 

T&K P&OR*EMENT 

C I TEX PROClIEMENT 

C X T99 PROCUREMENT 

01CILE MINER PROCUREMENT 

SECON MOBILE MIKER PROCUEMENT 

C 0 ROADREADER. PROCUREMENT

ESF DESIGIN

SITE PREPARATIONI FOR FIRST RAMP 
IP" TESTING 

FIRST RAMP 

SITE PREPARATION FOR SECONDO R.AXP 

SEOOW RAJ4 

11"P MAPPING

EXPLORATORY SUPPOT DRIFTINCIEXPL EXCAV (TIM) 

EXLORATION EXCAVATION WBILE MINER) 

XTL ACCESS (MOBILE MIMER) 

MYL (MMeLE PINER) 

HTL TEST DRILLING 

MUL TESTING 

NRAC REVIEW

CCKPLETIODW Of C K EARLY TESTING 

CONPLEYION Of TS EARLY DRIFTING 

START OF MAC REVIEW 

C X DESIGN 

C I LWA ACCESS 81 (TSX) 

C 9 RAMP TESTING 

C R RLW ACCESS 82 (Tax) 

C K ENTRY TO ENTRY (T9M) 

C K EXPLORATIONI DRIFT CROADKEADER) 

C N TESTING

1MAR91 30SEP04 
Z22j1A92 30SEP04 

IMAR91 1DEC91 

16FE392* 23JM93 
ZAPR92* 8AU93 

21&M*9 2MAIL% 

12AMJ93* WCT94 

12OCT93* IJAR95 

12JAU91. 2OM~T95 

2SFE194* 2JUL95 

1MAR91 2APR93

22JUN92 
24JUR93 
24JUM93 

9PAUG93 

b"&95 
2104AT95 

ZYAUG95 

9KAT01

"9AY01 

5APR93 
28JUL94 
19OCT94 
19OCT94 

2K&T95 

3JuL95 

ISEP95

9AUG93 
21JAX94 

18=94 

21SEP93 
27JUL94 
27AUG93 

26AUG93 

10JUL97 

7FE197 

JIMAY01 

9KAY04

2sJtN9 

10OV9W3 

M0AN93 
9SEP93 

18OCT95 

22AM96 
31ALPCDG
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EP.EOSZORY DATA SHEET 

CXST AND STAFFING DATA

Undp-itor

Sadaczor

OMFON NIJMBER: 30 
27. SCENARIO 2

COST ISTAFFING 
Ifigh leg osti antd Low Toal-ou Ez)Acla £zeaMBLLou Poeakf 
(Milio 34190 CntantS Lo Ta-oual Emevthane Thimsytand S oriPea 

______ Cost Cost Cost I (Note 1) (Note 2) (Note 3) (oe4

Phaske I 

"Ifnbtial 
S yu

25% 5470 .15% 4'a,0585 47% 4% 487 

1.21 avg

Phase 2 

EnpMemset 30% 12,210 -15% 34.38.500 33% . 0.4% 6M8 
0pr~oc 
25 

yn I .a an 

Phase 3 

caretaker 17% £34 .7% 4.35S.30 0% 0% 127 
0prtlo 
25 yrs 1.0 avSY 

Phase 4 

Backr and 27% $480 .7% 7.=52050 0% 0% 393 
Costirt 
12 yrs 2.2 zavg

TOWa 29% S3.500 .13%

I� t 1-

TOWa 33,120 
(Source 19"0731CC Chic 27)

~~ta~en (Sorffc: I 1997SLCC Case7) 

Rxeps.Itu Grand TOWa 19.9m0

'r 4,719AO0 25% 1%

c-, 

c:).  

c:)

(1) Tota aanhoors ftpvabt s.D coderpvtad wsxtm direc uzpenaatx and 1Inhae, aupjpc personnel "n iodudes a eextint~necy 
P=MCtAPeaqua! to %tat is nedi t the cots.  

(2) Methamical m~rvaici W~dude 7BWs shalt &Oh, raise boring, and empsporent boehole dling. Reported prcpni relax to alB 
pmceione that Putiidpatc In the cravatioa effort (C4, atzpexvuomn nlpprs amd those presnlto the heading).  

(3) Drill sad wagt inwrwtioc sdn shafts and drift mxavtioa Comement in note 2 aboutl fixuded peso also apptca.  

(4) Stafflatnumbers we b~ o 2000 hours pe full! time equnIvaent, Peak staffing Values arc etim ate msa P==L of the aervge 
seaffing vmn the cothm poricdL 

AD nuntben amnfounded to the becafo 110 =MkxLn 

Rzposiwr 7  lancdQ Cadon 111 masan Woioduded.  

SOURCE.. tClJM.S7.WOl) 05-Oct-90
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SCHEDULE

Option Number. 30 Expeccd Construction Duration 
(Months) 

B7, Scenario 2 Hi-gh Projected Low 
Repository Phase I 

Underground 
Facilitis Inital 55 54 46 

Construction 
5 yr (4) (1) (5") 

Phase 2 

Emplac=ent 288 282 274 
Operations 

2 (2) 
Phas.e 3 

Caretaker 300 300 300 
Operations 

25yrs _ 

Phase 4 

Backfill & 298 149 149 
Closure 

variable (7) (6) 
Repository 

Surface Total N/A 57 N/A 
Facilities (3) 

Notes: 

(1) Duration refers to the time required to oonstruct and prep4re the 
Minimum Functional Emplacement 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 receiving waste.  
(4) Reported values take into account unfortv= inter, ptionz and 
delays in the construction of the critical openings.  
(5) Rcported value& include additional work &hifts and better 
performance In the construction of the critical openings.  
(6) Backfdll and dloure duration is restricted by ventilation capabilities.  
(7) Repository related Calico Hills backfill requirement; are not included.  

SOURCE: [B7_SCH.VWKII 05-Oct-90
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ESF Alternatives Study

Data Sheets 

for 

Testing Input 

Options 13 (87) and 30 (B7) 1 

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.
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WBS 1.2.6

OPTION B7 

INCLUDED: 

PART II TESTING

15-MAY-90

I 

TI

5C-45

TEST 1. Geologic Mapping of the Exploratory Shaft and 
Drifts 

TEST 2. Mineralogy and Petrology of Candidate Host 
Rock 

TEST 3. Seismic Tomography/vertical Seismic Profiling 

TEST 4. Shaft Convergence 

TEST 5. Demonstration Breakout Rooms 

TEST 6. Sequential Drift Mining 

TEST 7. Heater Experiment in Unit TSwl 

TEST 8. Canister -Scale Heater Experiment 

TEST 9. Yucca Mountain Heated Block 

TEST 10. Thermal Stress Measurements 

TEST 11. Heated Room Experiment 

PEST 12. Development and Demonstration of Required 
Equipment.  

TEST 13. Plate Loading Tests 

VEST 14. Rock-Mass Strength Experiment 

VEST 15. Evaluation of Mining Methods 

rEST 16. Monitoring of Ground Support Systems 

rEST 17. Monitoring Drift Stability 

MEST 18. Air Quality and Ventilation Experiment 

TEST 19. In-situ Testing of Seal Components



WBS 1.2.6

INCLUDED:

TEST 20.  

TEST 21.  

TEST 22.  

TEST 23.  

TEST 24.  

TEST 25.  

TEST 26.  

TEST 27.  

TEST 28.  

TEST 29.  

TEST 30.  

TEST 31.  

TEST 32.  

TEST 33.  

TEST 34.  

TEST 35.

IDS

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 

Perched-Water Test in the Exploratory Shaft 
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

5C-4615-MAY-90



ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT 
DATE (,AY 1/ I770 

ESF TEST GEOLOGIC MAPPING OF EXPLORATORY SHAFTS AND DRIFTS D 

PREPARERS: 

ESF Test Organization ( USGS/USBR ) A C. ? .  
Preparer's Name 

Los Alamos Test Manager's Office Ned Z. Elkins 

CHECKED BY: 

IAl/qfk. 1MCkO WA) 1 .2IW~/A- 16- 5LP 
Name signature Orylnization 05ath 

TEST REFERENCE (Regulatory): /0 CK 60.Z' 10 Cp( 40. If 3 ,w F-6 pEr-DS ,.1 •.6/I ( 

TEST SUPPORTS (Check) Repository Design ( ? ) Site Suitability ( )< Both ( x } 

(Characterization) 

TEST REQUIREMENTS/CONSTRAINTS: 

SCP Secthion 8.3.1.4.2.2.4 

SDRD Rev I Section B-GEO-1 -- (Attached) 

other Characterization of Structural Features 
in the Site Area (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: UNDERGROUND GEOLOGIC MAPPING 
OPTION NUMBER: B7 

I) 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 60.21 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 60.113?," 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 perforinance 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.  

u 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 
Q repository block is important to characterization of the fractures from the surface down.While a machine excavated shaft will allow collection 
0 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 longer 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 (I shaft).

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

ESF TEST MINERALOGy AND PETROLOGY OF CANDIDATE HOST ROCK 

PREPARERS: 

ESF Test Organization ( Los Alamos } DAVID 5•o)-1o.  

Preparer's Name 

Los Alamos Test Manager's Office Ned Z. Elkins 

CHEC7"Y: . ._____ "

same Signature 

TEST REFERENCE (Regulatory): /0 C FR 6.0 IS - Zl / 

TEST SUPPORTS (Check) Repository Design Site 
,. (Char 

TEST REQUIREMENTS/CONSTRAINTS:

Organization

Suitability ( x ) Botl 
•acterization)

SCP Section .3.1 ,.3.13.2.1.3, 8.3,1.3.2.2.1 

SDRD Rev 1 Section B-GEO-2 (Attached) 

Other 

CURRENT TEST LOCATION(S) (Check) 

ESF Access (Shafts) ( x ) 

Main Test Levelr(t1 oh45c-i:' #•;dsTr,) ( x ) 

Exploratory Drifts ( x )

(

DATE________ 

ýDate



DATE: 5/2/90Attachment to Testing Data Sheet

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.

0m



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.  

We 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 using 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 14. 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. Inclined 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 general, 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 TBM or DB.  

If 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. In 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. We 
agree with the NWTRB'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. In 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 
characterization 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 Calico Hills would provide opportunities to examine major 
lithologic boundaries beneath the repository, including the top and base 
of the vitrophyre.
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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 
completing comprehensive site characterization of the candidate host 
rock. Possible variants of option B7, including multilevel layouts and 
MTL 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•L4Z/Q
ESF TEST SEISMIC TOMOGRAPHY AND VERTICAL SEISMIC PROFILING 

PREPARERS: 

ESF Test Organization (USGS/Lawrence Berkeley Laboratory} 
Pre 

Los Alamos Test Manager's Office Ned Z. Elkins 
A 

CHECKED BY: 

Name Signature' Organiza 

TEST REFERENCE (Regulatory): 1t) CPrAŽ 6(0 0- / 

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

TEST REQUIREMENTS/CONSTRAINTS:

SCP Section 8.3,1.4.2.2.5 

SDRD Rev 1 Section B-GEO-3 

Other

parer's Name 

tion Date

x ) Both ( )

(Attached)

CURRENT TEST LOCATION(S) (Check) 

ESF Access (Shafts) 

Main Test Level 

Exploratory Drifts

( 
( 

(

x) 

x) 

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.  

5) Estimate of time for test: 

a) Installation: 14 days (equivalent to 7 tests).  

b) Initial Testing: Five to ten hours per each test.  

c) 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

ESF TEST .SQ1LY-COW 

PREPARERS: 

ESP Test Organization

.RG ENCE

( SANDIA National Laboratdries-)Z 4" C< 
JOparer s Name

Los Alamos Test Manager's Office Ned Z. Elkins 

CHECKED BY: /Z 

Name Signature

TEST REFERENCE (Regulatory):

Organization

/c-10cFlA?,O 60-/

TEST SVPPORTS (Check) Repository Design ( ) Site Suitability ( 
(Characterization)

) Both ( x )

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)

ESP Access (Shafts) 

Main Test Level 

Exploratory Drifts

x) 

( ) 

( )

RGENCE

bate/



OPTION 13 (B7)

TEST 4: SHAFT CONVERGENCE 

Ahil~tv hn BRe as

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.

DATE: 5-4-90 

Ability of option With Respect 
to the Base Case

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

Test 4 Shaft Convergence L 

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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(

ESF TEST DMONRTIMMO. BREAMKoU Ro...  

PREPARERS: 

ESP Test organization (SANDIA National laboratoriea I)-0 
Pre"o "iar7ý

Los Alamos Test Manager's Office 

CHECKED BY: 

TEST REFIRMCH (Regulatory): _-- 10 CF;

TEST SqPORTS (Check). Repository Design (

I- Kqd Z. Elkins

Date

r• L.4t.Q..si2,1j /OCFP, o./33

) Site Suitability C ) Both. ( x ) 
(Characterization)

TEST REQUEMUMS/CONSTRAINTS: 

sCP, Section 1.,1. .2 

SDJ) Rev 1 Section 0-MZHEC-2 (Attached) 

Other Elxcavation __nvrestications (Study Plant 

CURRENT TEST LWCATION(S) (Check)

ESP Access (Shafts) 

Main Test Level 

Exploratory Drifts

(x) 

(x) 

( )

ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

signature oo I -Organization



OPTION 13 (B7)

TEST 5: DEMONSTRATION BREAKOUT ROOMS

Provides verification of design 
assumptions and early data for 
repository drift alignment.  
Data vill be used to validate 
numerical models used to predict 
preclosure performance. Requires 
installation of MPBXs and tape 
extensometers at the working 
face as the DBR ks excavated.  
The DBRs will be b'onducted in 
both TSw1 and TSw2 at'the MTL.

Ability of Option With Respect 
tn týhft ne Case

Option is inferior to the Base 
Case. Upper DBR could not be 
conducted as described in the 
Base Case. Flexibility exists 
to construct the upper DBR in 
either ramp at TSwI, however, 
the data obtained may be of 
lesser quality because the ramp 
is 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)
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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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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. Requires 
installation of MPBXs and tape 
extensometer anchors at the 
working face and from adjacent 
drifts.

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).
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DATE: 5-4-90

OPTION 13 (B7) 

TEST 6: SEQUENTIAL DRIFT MINING 

Schedule Impact: 

See SDRD
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OPTION 13 (B7) 

TEST 7: HEATER EXPERIMENT IN UNIT TSwl

DATE: 5-15-90

Ability in 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.

Ability of Option With Respect 
to the Base Case 
Option inferior to the Base 
Case. Shaft accessed upper DBR 
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).
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DATE: 5-4-90

OPTION 13 (B7) 

TEST 7: HEATER EXPERIMENT IN UNIT TSwl 

Schedule Impact: 

See SDRD
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OPTION 13 (B7)

TEST 8: CANISTER-SCALE HEATER EXPERIMENT

Ability in 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

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 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).
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DATE: 5-4-90

I> 

OPTION 13 (B7) 

TEST 8: CANISTER-SCALE HEATER EXPERIMENT 

Schedule Impact: 

See SDRD
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OPTION 13 (B7)

TEST 9: YUCCA MOUNTAIN HEATED BLOCK

Ability in 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.

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 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)
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DATE: 5-4-90

OPTION 13 (B7) 

TEST 9: YUCCA MOUNTAIN HEATED BLOCK 

Schedule Impact: 

See SDRD
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT
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OPTION 13 (B7)

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 .nstallation 
prior to during construction.

Ability of Option With 
ResDect 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, 
1984, USGS OFR 84-094)
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DATE: 5-4-90

OPTION 13 (B7) 

TEST 10: THERMAL STRESS MEASUREMENTS 

Schedule Impact: 

See SDRD
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OPTION 13 (B7)

TEST 11: HEATED ROOM EXPERIMENT

Ability in 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 requirement 
for instrument installation 
prior to or during construction.

Ability of Option With 
Respect to the Base Case

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 84ý-094)
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DATE: 5-4-90

OPTION 13 (B7) 

TEST 11: HEATED ROOM EXPERIMENT 

Schedule Impact: 

See SDRD
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OPTION 13 (B7)

TEST 12: DEVELOPMENT AND DEMONSTRATION OF REQUIRED EQUIPMENT

Ability in 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.

Ability of Option With Respect 
to the Base Case

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)
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DATE: 5-15-90

OPTION 13 (B7) 

TEST 12: DEVELOPMENT AND DEMONSTRATION OF REQUIRED EQUIPMENT 

Schedule Impact: 

This experiment has no impact on schedule for this option.
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OPTION 13 (B7)

TEST 13: PLATE LOADING TESTS

Ability in 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.

Ability of Option With 
ResDect to the Base Case

Option is superior to the Base 
Case. This test will be 
conducted in the upper DBR, 
alcoves at the MTL, in the 
long exploratory drifts, and 
in alcoves off the ramps 
and main. The larger test 
expansiun 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 
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)
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DATE: 5-4-9U 
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.
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OPTION 13 (B7)

TEST 14: ROCK-MASS STRENGTH EXPERIMENT

Ability in 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.

Ability of Option With 
Respect to the Base Case 

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)

5C-87
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DATE: 5-4-90

OPTION 13 (B7) 

TEST 14: ROCK-MASS STRENGTH EXPERIMENT 

Schedule Impact: 

See SDRD
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OPTION 13 (B7) DATE: 5-15-90

TEST 15: EVALUATION OF MINING METHODS

Ability in 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.

Ability of Option With Respect 
to the Base Case

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)

I
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DATE: 5-4-90

OPTION 13 (B7) 

TEST 15: EVALUATION OF MINING METHODS 

Schedule Impact: 

See SDRD
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OPTION 13 (B7)

TEST 16: MONITORING OF GROUND SUPPPORT SYSTEMS

Ability in 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.

Ability of Option With Respect 
to the Base Case

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)
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DATE: 5-4-90

OPTION 13 (B7) 

TEST 16: MONITORING OF GROUND SUPPPORT SYSTEMS 

Schedule Impact: 

See SDRD
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OPTION 13 (B7)

TEST 17: MONITORING DRIFT STABILITY

Ability in Base Case
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.

Ability of Option With Respect 
to the Base Case

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)
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DATE: 5-4-90 
Option 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 HPBX'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 stations, 
the total construction impact is 0.25 x 25 x 140 - 875 hours.
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT 

ESF TEST AIR OUALITY AND VENTILATION 

PREPARERS: 

ESF Test Organization (-SANDIA National Laboratories) / az, 

Los Alamos Test Manager's Office Ned Z. Elkins 

CHECKED BY: 

N ,am sgaueOrganiiation' ~ e 

n TEST REFERENCE (Regulatory): ;C)-.F: /Z f_ ' . 7%th .F6./ 3 

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

TEST REQUIREMENTS/CONSTRAINTS: 

SCP Sectiofi 8.3.1.1%.I.8.4 

SDRD Rev 1 Section B-MECH-I& (Attached) 

Other 

CURRENT TEST LOCATION(S) (Check) 

ESF Access (Shafts) ' ( x ) 

Main Test Level(WeA41Tt ( x ) 

Exploratory Drifts ( x )



OPTION 13 (B7)

TEST 18: AIR QUALITY AND VENTILATION EXPERIMENT

Ability in 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.

Ability of Option With Respect 
to the Base Case

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 84-094)
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DATE: 5-4-90

OPTION 13 (B7) 

TEST 18: AIR QUALITY AND VENTILATION EXPERIMENT 

Schedule Impact: 

See SDRD
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ESF TEST 1ff-SMT u TESTING OF.SEAL cOM..NENTS,.  

PREPARERS: 

ESP Test Organization ( SANDIA National Laboratories) 
IV eireparir'seias 

Los Alamos Test Manager's Office Ned Z. Elkins 

CHECKED BY: 

Name Signature-l,'/ Or-ganization ae 

TEST REFERENCE (Regulatory): !• ) C. R 4 -', C1-1 GQp 13 

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

TEST REQUIREMENTS/CONSTRAINTS:

SCP Section - 8.3.3.2.2.3 

SDRD Rev 1 Section . B-SEAL

Other

(Attached)

CURRENT TEST LOCATION(S) (Check) 

ESP Access (Shafts) 

Main Test Level 

Exploratory Drifts

( (

0

(x) 
(x) 

( )

nAnp-



OPTION 13 (B7)

TEST 19: IN SITU TESTING OF SEAL COMPONENTS

%,, 1.. 4 4-i 1 in - t n4-g

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.

Ability of option With Respect 
to the Base Case

a X " "ý i
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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)
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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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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT 

ESF TEST OVERCORE STRESS TESTS IN THE ES? , 

PREPARERS: 

ESF Test Organization ( USGS ) r.77 
Preparer's Name 

Los Alamos Test Manager's Office Ned Z. Elkins 

CHECKED BY: 

hENRI-S. SWOLFq -e_ -______ 
Name Sfgnature iY- organization 

TEST REFERENCE (Regulatory): /0 (F/• o a! 
TEST SU•?PORTS (Check) Repository Design ( ) Site Suitability ( ) Bot 

(Characterization) 

TEST REQUIREMENTS/CONSTRAINTS:

CURRENT TEST LOCATION(S) (Check)

DATE 

Date

h (x)

' i 
SCP Section -- 8L.,15.2L.1.2_ 

SDRD Rev 1 Section B-NECH-16 (Attached) 

Other Characterization of the Site Ambient 
Stress Conditions (Study Plant 

ESF Access (Shafts) ( X ) 

Main Test Level ( x ) 

Exploratory Drifts ( )



Opt ; '-ý 13

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.
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I• RPLY It'En TO:

U 
TAKE 

PRIDE IN
.METKAUnited States Department of the Interior 

GEOLOGICAL SURVEY 
BOX 25046 M.S. 966 

DENVER FEDERAL CENTER 
DENVER. COLORADO 80225

may 3, 1990

QA: n/a 
WBS: 1.2.3.2.7.2.1

Memorandum

To: 

From: 

Subject:

Robert W. Craig 
USGS/YMP Coordinator 
Mail Stop 421 

F.T. Lee 

PI/Overcore Stress Test, YMP 

Review of ESF .Alternatives Study

I have reviewed the following conceptual ESF excavation alternatives: Base 
Case, Al, A2, A4, A5, A7, B3, B4, B7, B8, Cl, C4, and Rll. Based on my review 
of these conceptual schemes and on a consideration of the overcore stress test 
method, it would appear that all the options presented can satisfactorily 
accommodate this test. At the level of detail presented, there is no obvious 
advantage or disadvantage of any option relative to the "Base Case." 

Sincerely, 

4 rincipal Investigator 

Enclosures
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QA: n/a 
WBS: 1.2.3.2.7.2.1

Memorandtm

To: Robert W. Craig 
USCS/YMP Coordinator 
101 Convention Center Drive, Suite 860 
Las Vegas, Nevada 89109 

PF..  
PI/4Overcore Stregs Test. W2~

Subject: Additional couments on the ESF Alternatives Study 

In response to our phone conversation on May 7, 1990, concerning 
the excavation alternatives for the ES!, those ramp and long drift 
options that expose more of the test block than other excavation 
options might provide more attractive in situ stress measurement 
opportunities. This would become a viable consideration if the 
present study plan was expanded to allow additional stress
measurement locations.  

bcc: ACCRF 
CRA (3) 
Kee far 
Jibson 
Chron 
FMLee:bg
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CURRENT TEST LOCATION(S) (Check)

SCP Section 8.3.1.2.2.3.1 

SORD Rev 1 Section - B-HYD-1 
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Main Test Level 
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(x) 

x)

)
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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 geologic properties); permeability, relative, 
hydraulic, matrix (subsurface geologic properties). Issue 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). Issue 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) Installation: 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.
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT 

DAT, 
ESF TEST INTACT-MCEM TEST IN THE .ESE 
PREPARERS: 

ESF Test Organization ( USGS ) Z' i-. •eir$DP ..  
' Preparer's Name 

Los Alamos Test Manager's Office Ned Z. Elkins -------

CHECKED BY: O 

Name / ire 0rginization 

TEST REFERENCE (Regulatory): /0 c: 60. G ( t/3 

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

TEST REQUIREMENTS/CONSTRAINTS:

SCP Sectlo, 8,.31.2.2.4.1 

SDRD Rev 1 Section B-ID

Other

(Attached)

CURRENT TEST LOCATION(S) (Check) 

ESP Access (Shafts) 

Main Test Level 

Exploratory Drifts
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)

(x) 
(x) 
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DATE: HAY 1990 
TEST EVALUATION RATIONALE AND DISCUSSION 

TEST NAHE: Intact-Fracture Test in the Exploratory Shaft Facility 
OPTION NUHBER: B7 

Purpose of Test 

Rock core samples are to be collected of naturally occurring fractures in the ESF, HTL, 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 differ~nt tock types.  

Rationale and Discussion 

Not familiar enough with sampling fractures from rock surfaces excavated with TBH.  

Schedule 

Prototype Sampling Hethods Test which supports above test has not been completed to the satisfaction of the 
test Co-Investlgators. 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.



ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

ESF TEST PERCOLATION TEST INTHE ESF 

PREPARERS: 

ESP Test Organization ( USGS ) Y? I,,.,..  
Preparer's Name 

Los Alamos Test Manager's Office Ned Z. Elkins 

Name ag S.nature4 Organ z tion 

TEST REFERENCE (Regulatory): / E)&_FR b • )./) 

TEST SUPPORTS (Check) Repository Design ( ) Site .Suitability ( x ) Bot 
(Characterization) 

TEST REQUIREMENTS/CONSTRAINTS:

1/i

Date

)

SCP Section 8,3.1.2,2.4.2 

SDRD Rev 1 Section . ..B-HYD-2 (Attached) 

Other

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) 

Main Test Level 

Exploratory Drifts

( ) 
( x) 

( )

DATE fN %• -1 A. 1411

"h (



TEST EVALUATION RATIONALE AND DISCUSSION

TEST NAME: PERCOLATION TEST IN THE ESF DATE: May 7, 1990 

OPTION NUMBER: B7 

1. Purpose of the test (tie to issues and critical information needs, major 
parameters).  

The objective of this activity is 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.  

2. The ability to install and conduct the test relative to BASE CASE 

The ability to install and conduct the test relative to the base case is 
unchanged 

3. The quality of data obtained, 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.  

The location is qualitatively equivalent to that of the base case.  

5. 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.  

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.
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

ESF TEST BULK-PERMEABILITY TEST IN THE ESF 

PREPARERS: 

ESP Test Organization ( - J. 6Uri/& IA/k 
Preparer's Ndme 

Los Alamos Test Manager's Office Ned Z. Elkins,., 
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Main Test Level 

Exploratory Drifts
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(

) 
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 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 

6) Preliminary assessment of the option's flexibility, regarding the test, to allow expansion of the test C) 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 Crourid 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 gain best possible understanding of the three dimensionality of the test site.  

3. Data quality reduced because of less detailed fracture data.  
4. 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 flexibility because of reduced fracture data..
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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 would 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 
question.  

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.
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DATE: 04 May 1990

TEST EVALUATION RATIONALE AND DISCUSSION 

TEST NAME: EXCAVATION EFFECTS TEST IN THE ESF 
OPTION NUMBER: B7 

1. purpose of teat 

To escimate changes in fractured rock permeability chat could be acrributed 
to measurable changes in ground stress around the shaft due to excavation 
and linlng (if applicable). The measured data will be used to calibrate 
a coupled hydrologic-mechanlcal modal to predict changes In fraccured rock 
permeability around different openings wvIhin the repository area.  

2. ability to conduct test relative to BASE CASE 

Test can be conducted around either ESF access no. I or 2.  

3. quality of data relative to WASE CASE 

Blast damage won't have to be assessed, and variability in the daca will, 
most likely, be minimized (which Is an advantage).  

4. location of teat relative to BASE CASE 

Two different locations, at two different depths in the Topopah Spring 
welded unit will be required. Space as described in the BASE CASE will hsve 
to be provided for drilling boreholes.  

5. estimate of time 

(a) installation: one month 

(b) Initial testing: one month at: each level (location) or after the 
excavation is past the deepest monitoring zone.  
(c) long-term testing and monitoring: Monitoring will continue until the 

lining (if applicable) is past the deepest monitoring zone.  

6. asseusment of option flexibility relative to BASK CASE 

This option is more flexible than the BASE CASE since two ESF access 
openings are made available for scientific Investigations.  
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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.  

SA) Estimate of time for test at each intersection of a major 
fault: 

a) Installation: Time required to drill a 200-ft long 
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.  

5B) 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

ESF TEST
DATE 9-1 -'-o 

PEIRCE WATERM TEST- IN- THE ESP

PREPARERS: 

ESF Test Organization USGS ) A P .C 4o_ 'c\z 
Preparer's Name

Los Alamos Test Managerts Office Ned ZElkins

CHECKED By:

MERER Ya( VmeTFIVt 
Name Signature- Organization

TEST REFERENCE (Regulatory): /O CFJR &0-~/ 13

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

TEST REQUIREMENTS/CONSTRAINTS:

SCP Section

SDRD Rev 1 Section B-HYD-8 (Attached)

Other Characterization of the Yucca Mountain 
Unsaturated Zone (Study Plan) 

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) 

Main Test Level 

Exploratory Drifts

(x) 

(x) 

(x)

Date

)

-- .8.3., .2,2,.4,7 .,-



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 hydraulic head and storage 
coefficient).  

Determine the implication of the existence of such zones on flux, 
flow paths, and travel times.  
2) The ability toinstall 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 ramps 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.  
c) 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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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT 

DATE_______

ESF TEST ____ DRcmmESTRY TESTS IN THE ESF 

PREPARERS: 

ESF Test Organization ( USGS ) CAqr/es 4. e4P 
Preparer's Name 

Los Alamos Test Manaser's Office Ned Z. Elkins ..

CHECKED BY: 

-1;, d~e Ya *I. :7
Signature fan;, 77

"a•r# i 7, 'f'o 
organization Mate

TEST REFERENCE (Regulatory): b 0C-FR 60. /1)

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

TEST REQUIREMENTS/CONSTRAINTS:

SCP Section 8.3.13.2.2.4.8 

SDRD Rev I Section B-HYD-9 (Attached) 

Other Characteization of the Yucca Mountain 
Unsaturated Zone (StudyPlan)

( 
( 

(

x) 

x) 

x)

CURRENT TEST LOCATION(S) (Check) 

ESF Access (Shafts) 

Main Test Level 

Exploratory Drifts

)



UNITED STATES GOVERNMENT 
i\/ i i i -ii~i i~i i-ii i\/ 

DATE: MAY 7, 1990 

REPLY TO 
ATTN OF: C. A. Peters, Hydrologist 

SUBJECT: UZ Hydrochemistry Test Input for ESF Alternatives 

TO: 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 I am assuming that any of the ramps mentioned in the 17 

options will penetrate all of the geologic units that the base case 

shafts penetrate, and that all options will allow future penetration 

- the Calico Hills for study.  

I have evaluated each of the options based on:-(1) the ability to 

provide gas samples from all geologic units; (2) the ability to obtain 

rock core samples from three mutually perpendicular directions; (3) the 

ability to provide pre-construction effect gas samples; (4) the ability 

to provide core samples from the wettest zones encountered; (5) the 

ability to sample gases and pore water from near major faults; (6) 

the ability to provide adequate vertical and horizontal control for 

gas 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 

tue 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 

criteria are contained in the parentheses. A weight of three is a very 

important criteria, whereas a weight of one is least important. The options 

ability to supply each criteria is then ranked between I and 3, three being the 

best. The weight and the ability to.achieve for each criteria are multiplied 

and summed to obtain a numerical rank for each option. The shorthand notion 

-'r the criteria is defined at the end of this memo.  

# All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1) 
Units Const 

---------- 4---------*----------------------------------
I 1 3 I 3 3 1 3 1 3 1 1 133 111;*U (,. '-) 

I (3) I (3) I (2) I (2) I (2) I (3) I (2) I (2) I (1) 1..,,Fi ,7rl aI)..  
I 9 I 9 I 6 I 2 I 2 I 9 I 2 I 6 I 3 I-*Ulf;corse 
Total score = 48 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 NWRB's concerns are not 
well addressed.  

I All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1) 
Units Const 
----------------------------------------------------------------

2131 3 1 31 2 1 3 13121 2 1 3 I 
1 (3) 1 (3) 1 (2) 1 (2) 1 (2) 1 (3) 1 (2) 1 (2) 1 (1) 1 
1 9 1 9 1 6 1 4 1 6 1 9 1 4 1 4 1 3 1 
Total score = 54 

Option 2 (al) would still allow the work to proceed as previously planned in 
the above mentioned documents. Additionally, this option would (with the 
required planning) also allow other work to proceed in the tuff ramp that 
would satisfy more of the JWWTRB'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 

-------------------------------------------------------------
313 1 3 1 3 1 2 I 3 12 111 2 1 3 I 

I (3) I (3) 1 (2) I (2) I (2) I (3) 1 (2) I (2) 1 (1) I 
19 1 9 1 6"1 4 1 6 16 12 1 4 1 3 I 
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.  

# All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1).  
Units Const 

-------------------------------------------------------------
q413 1 3 1 3 1 2 1 3 13 12 1 2 1 3 I 

1 (3) 1 (3) 1 (2) 1 (2) 1 (2) 1 (3) 1 (2) 1 (2) 1 (1) 1 
19 1 9 1 6 1 4 1 6 I 91 4 1 4 1 3 1 

Total score 54 

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 

------------------------ :-------------------------

513 1 3 1 3 1 2 1 3 1 3 1 3 1 1 1 3 I 
I (3) I (3) I (2) I (2) I (2) I (3) I (2) I (2) I (1) I 
19 1 9 1 6 1 4 1 6 19 16 1 2 1 3 I 
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 
term monitoring.  

I All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1) 
Units Const 

---------------------------------------------------

613 1 2 13 1 2 1 3 10 12 1 0 1 0 1 
1 (3) 1 (3) 1 (2) 1 (2) 1 (2) I (3) 1 (2) I (2) l (1) I 
19 1 6 16 1 241 6 10 1 41 01 0 1 

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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All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1) 

Units Const 
----------------------------------------------------------------
7131 1 13 1 1 1 2 12121 1I 0 1 

1 (3) I (3) I (2) I (2) I (2) I (3) I (2) I (2) I (1) I 
191 3 1 6.1 2 1 4 16141 2 1 0 1 

Total score z 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 

-------------------------------------------------------------
8 31 3 13 1 2 1 2 12121 1 1 0 I 

I (3) I (3) I (2) 1 (2) 1 (2) I (3) I (2) I (2) 1 (1) I 

191 9 1 611 1 4 14141 2 1 0 1 
Total score = 42 

Similar to option 7, exceptthat the v-mole excavation method uses a pilot 
hole which would allow us to collect pre-construction gas samples.  

I All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1) 
Units Const 
------------------------------------------------------------

S31 1 1 13 1 1 1 2 1 2-1 2 1 1 1 I 
1 (3) 1 (3) 1 (2) 1 (2) 1 (2) I (3) I (2) I (2) I (1) I 

1 9 1 3 1 6 1 2 1 4 6 1 4 1 2 1 0 I 
Total score = 36 

Similar to option 7 in regards to testing possibilities.  

All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1) 
Units Const 

-------------------------------------------------------------
10 1 3 1 1 1 3 1 2 1 2 1 2 1 2 1 1 1 0 I 

1 (3) 1 (3) 1 (2) 1 (2) 1 (2) 1 (3) 1 (2) 1 (2) 1 (1) 1 

191 3 1611 114 16141 2 1 0 I 

Total score = 38 

Similar to option 7.
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All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1) 
Units Const 
------------------------------------------------------------

Ill 3 1 3 1 3 I 2 I 2 1 3 1 2 1 3 I 3 I 
I (3) I (3) I (2) I (2) I (2) I (3) I (2) I (2) I (1) I 
191 9 16 1 4 1 4 161 4 1 6 1 3 I 

Total score = 51 

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.  

All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1) 
Units Const 

--------------------------------------------------

121 3 1 3 1 3 1 3 1 2 1 3 1 3 1 2 1 3 1 
1 (3) 1 (3) 1 (2) 1 (2) 1 (2) 1 (3) 1 (2) 1 (2) 1 (1) 1 
191 9 16 1 6 1 4 19 1 61 4 1 3 1 

Total score = 56 

The HTL at the south end of t'he 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 monlitoring.  

All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3)-H (2) Plan (2) Prot (1) 
Units Const 

---------------------------------------------------

13 1 3 1 1 1 3 1 3 1 2 1 0 1 3 1 0 1 0 I 
1 (3) 1 (3) I (2) l (2) I (2) 1 (3) 1 (2) 1 (2) 1 (1) 1 
1 9 1 3 1 6 1 6 1 A 1 0 1 6 1 0 1 0 1 

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.  

# All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1) 
Units Const 

---------------------------------------------------

1413 1 3 1 3 1 3 1 2 1 3 1 3 1 2 1 3 I 
1 (3) 1 (3) 1 (2) 1 (2) 1 (2) 1 (3) 1 (2) 1 (2) 1 (1) 1 
191 9 16 1 6 14 1916114 1 3 I 

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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All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1) 
Units Const 

----------------------------------------------------------------
15 1 3 1 3 1 3 1 2 1 2 1 3 1 2 1 2 1 3 1 

I (3) I (3) I (2) I (2) I (2) I (3) I (2) 1 (2) I (1) 1 
1 91 9 1 6. 1 4 1 4 1 9 1 1 4 1 3 I 

Total score = 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 

# All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1) 
Units Const 

--------------------------------------------------------------
16 1 3 1 3 1 3 1 3 1 3 1 3 1 3 1 2 1 3 1 

1 (3) 1 (3) 1 (2) 1 (2) 1 (2) I (3) I (2) I (2) I (1) I 
1 9 1 9 1 6 1 6 1 6 1 9 1 6 1 4 1 3 1 

Total score = 58 

The access to the ghost dance fault is very good and the drill and blast shaft 
allows use of prior plans. Addifion of test locations and long term monitoring.  

# All (3) Pre (3) 3D (2) Wet (2) Fault (2) V (3) H (2) Plan (2) Prot (1) 
Units Const 
------------------------------------------------------------

171 3 I 3 1 3 1 1 1 1 1 3 1 1 1 2 1 3 1 
I (3) I (3) I (2) I (2) I (2) I (3)A (2) I (2) 1 (1) I 
191 9 1 61 2 1 2 19121 4 1 3 1 

Total score = 46 

The drill and blast shaft allows use of former plans. The limited drift 
reduces horizontal control. 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 - A complete vertical section can be sampled for gas and rock/core.  

9 - Allows for collection of many rock/core and gas samples from a large 
area of specific lithologic units.  

Plan - The approved study plan, design criteria, etc. are applicable.  

Proto - The prototype tests bien •ujrently performed are applicable.
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

ESF TEST DIFFUSXON TESTS IN THE ESF 

PREPARERS: 

ESF Test Organization ( LosAlaios ) r qK-n F- br rI. • 'n' 
Preparet's Name 

Los Alamos Test Manager's Office NedZ, Elkins 

CHECKED BY: 

-Name GSignat/W Organization 

TEST REFERENCE (Regulatory): {4•cpe,. If..z, .i, 

TEST SqPpORTS (Check) Repository Design ( ) Site Suitability ( x ) Bo 

(Characterization) 

TEST REQUIRZNENTS/CONSTRAINTS:

DAT EL/3I

)

SCP Section . 8j3,1,2,2.5 

SDRD Rev 1 Section B-HYD-1Q (Attached) 

Other 

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) 

Main Test Level1(rJ 0-rhr.h 

Exploratory Drifts

( 
C 

(

) 
x) 

)

( (

?* MD Dotce

ta (



TEST EVALUATION RATIONALE AND DISCUSSION 

Test Name: Diffusion tests in the ESF 

Option number: All 

1) 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.  

2) 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.  

3) 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) 
No discriminating advantage or disadvantage is apparent for any 
option, relative to the base case.  

4) Locations of the tests are same (MTL) for all options 

5) Test schedule: 
a) Installation: within a year after completion of MTL 
b) Initial testing - within two years after completion of MTL 
c) Longer-term test monitoring. Not applicable 

6) Assessment of option's flexibility to allow expansion of the test, 
relative to base case. No advantage in expanding test beyond base 
case.
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ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT 

ESF TEST -C=ORIDEAR) CMLORINE-36-MEASUREMEWTS OF PERCOIATION AT YUCCA MOUNTAIN 

PREPARERS: 

ESF Test organization ( Los- Alamos jun .JFlCvL *W ' Pr~parer' s Name 

Los Alamos Test Manager's Office Ned Z._ ElkIns 

CHECKED BY: 

Name a -n•tuWM " organzatEon te 

TEST REFERENCE (Regulatory): /CrFR, .,• . •L 

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

TEST RE--Q11 S/CONSTRAINTS: 

SCP Section .  

SDRD Rev 1 Section B-HYD-jl.... (Attached) 

Other Water Movement Tests ,(Study i'lan)

CURRENT TEST LOCATION(S) (Check) 

ESF Access (Shafts) ( x ) 

Main Test Level Urqct.,.l•Et 5 I: ( x ) 
*po to Dri ICf6 

Exploratory Drifts 4 ( x)
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TEST EVALUATION RATIONALE AND DISCUSSION 

Test Name: Chloride and chlorine-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, 

lithologic 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 MTL and exploratory drifts.  

3) Quality of data obtained, relative to base case: equivalent to base case.  
- Minimization of C1 contamination. Probably superior to base case.  
- Rubble size: 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, MTL 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 criteria used for evaluation) 

1) Purtose 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.  

List of criteria used to evaluate and compare ESF oDtiOnS 

2) Ability to conduct the test relative to the base case is evaluated on 
the basis of: 
- Ability to sample all lithologic sub-units 
- Ability 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) Quality of data obtained, relative to base case, is evaluated based on: 
- Minimization of C1 contamination 
- Rubble size; ability to step-leach samples so as to distinguish between 

meteoric and rock C1 
- Depth resolution 
- Control of sample location with respect to lithologic unit 
- Precise control of sample location relative -o lithologic contact, 

fracture, fault or other linear hydrogeologic feature 

4) Locations 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 
c) 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-L/- 7o 
ESF TEST EGIrNmRED BARRIER -SYSTEM FE TESTS 

PREPARERS: 
ESP Test Organization (CAWRENCE LIVERMORE LABORATORY) CLA W/LbR (•t ,rn4,Iir) 

Los Alamos Test Manager's Office Ned Z. Elkins 4e Preparer's Name 

CHECKED BY: /F 

s~tM~S &rXS~ ,47rhcAw*'14r 4N -b 0 
Name Signature organization Date' 

TEST REFERENCE (Regulatory): -10 C1"- ,0 ./ 13 

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

TEST REQUrREMENTS/CONSTRAINTS: 

SCP hedtion .. 8,,4.2.4,4-

SDRD Rev 1 Section B-WP-I (Attached) 

Other 

CURRENT TEST LOCATION(S) (Check) 

ESP Access (Shafts) ( ) 

Main Test Level ( x ) 

Exploratory Drifts ( )



Lawrence Livermore NatonaI Laoratory

LLYMP9005065 
May 10. 1990

WBS 1.2.6 
CA:NA

Hemt Kalla 
Yucca Mountain Project 
Los Alamos National Laboratory 
P. 0. Box 0 
Mercury. NV 89023 

REFERENCE: LLYMP9005037 

SUBJECT: Assessment of ESF Alternatives Options vs ESF Tests 

Dear Hemh: 

I have ranked thp options under consideration. Most afternatives are 
really engineering options and are not fundamentally different In regards to the 
scientific efforts. Therefore, it is difficult to make a distinction between the 
options based on scientific criteria. The exceptions are In the access central 
block area and the option that allows flexibility of handling high-level waste.  
Attached is my randlng sheet.  

If you have any further questions, please call -m at 415-422-6908.  

9l G. Wilder 
nical Area Leader 

Near Field Environment 
Modeling and Testing 
Yucca Mountain Project 

I have reviewed the document and concur with the nduslons.  

raesBink 
"Deputy Project Leader 
Yucca Mountain Project 

DW/Qc 

cc: 
M. CMonInger
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ESF ALTER OP i .m PAWNVG

A B , D E F., H 
.I Optin Ontr blk ' Schedule Conflrm A Loa Test AL& Total wore 
3A ...... j ~ .j J 
3- A7 6 . . , 4 $ 
:4 A4_'i 5 . 3 4...., 4 4 4 29 

S83-2 44 4 4 0 4 4 24 
7 B3-3 4 4 4 4 0 44 24 
8 83-4 4 4 4 4 00 4 41 24 
9 IB7 : 4 4 4 4 0 4 4.. 4 

1067187 4. a 4 4 0 ... 24 ,22 

1 1Al .A I 4j 3 4 --- 3 A 22 

_17 2 l O, 41 6 3 2 .. 2 2 4 22 
1 3 83- A 4 3 31 0. 4 4 22 
1 484 4 6 3 1242 
1_-C 4 A 3 -3 1 24g2 

1 B8 4 6 2 4j 01 2. 4 21 
1 7 R11j 0. z - J 2 2 4 -_ a .........  
1 8 A2 03 .2 2 4 3 4 16 
_!_9.B _ ,. 01 ---- 2 21 2 41 3 0 13

Description of evaluated option characteristics (from table) 

U - Ability of the option to handle higi-level sources 

S - Flexibility of option to easily allow access to'central part of the repository 
block f 

p - Ability of option to allow obtaining block samples (from ESF accesses) for 
laboratory testing 

u - Ability of option to allow most immediate start of test 

Confirn - Ability of option (flexibility ) to allow performance confirmation testing 

immediately upon completion of initial testing 

e - Can test location in the option supported as representative or repository block 

ToA - Flexibility of option to expand testing area for initial or confirmation testing 
PDoO I

00

/



Rankine Criteria 
Recorded by J. Blink after a conversation with D. Wilder 

Values range from 0 (not acceptable) to 5 (best) for each 
criterion.  

SEent Fuel Experiment Feasibility 
0 = two shafts (difficult to move SF w/o interfering with other 

activities) 
4 z one shaft and one ramp (ramp can serve double duty) 
5 = two ramps or three total access points 

Acoess to Central Block 
0 = no central drift 
2 = some drift beyond the MTL 
3 drift toward center, but not thru full repository 
6 ='central drift crosses entire repository 

Reresentatlive Location for Experiments 
1,2 = South area MTM (which is farther from cent-r) 
3,4 = North area-MTL "

Score shifted upward if a central drift exists 
Score shifted downward for multi-level repositories w/o access 

to each level 

Early Samyle Feasibilitv 
2 = two blasted shafts (blasting is slower than mechanical) 
3 = mechanical shaft or long mechanical ramp 
4 = one mechanical ramp or one long mechanical ramp plus a 

mechanical shaft 
5 = two mechanical ramps 

Early EBSFT 
2 = blasted shafts with mapping 
3 = mechanical shaft 
4 = a long mechanical ramp or one long mechanical ramp plus a 

mechanical shaft 
5 = a short mechanical ramp or two mechanical ramps 

EBSFT Confirmation Testinf 
0 - not enough 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 

Size of Test Area 
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.  

Purpose of Test 
The primary purpose of the Waste-Package Environment (Engineered 
Barrier) tests is to provide information about the near-field 
hydrologic, 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 
obtained 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 examine 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.  

Ability 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 expansion.  

Duality 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).  

Flexibility 
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

DATEii •g ,,,
ESF TEST LABORATORY TESTS 

PREPARERS: 

ESP Test Organization ( SANDIA National Laboratories) "a l rer a 

Los Alamos Test Manager's Office Ned Z. Elkins 

CHECKED BY:,

REFERENCE (Regulatory): /6 c rP Pr. Rc £,o .  

SURPORTS (Check) Repository Design ( ) Site Suitability ( 
(Characterization) 

REQUIREMENTS/CONSTRAINTS:

L.LUII

)

SCP Section 

SDRD Rev 1 Section B-MECH-17 

Other

Both ( x ) 

(Attached)

CURRENT TEST LOCATION(S) (Check) 

ESP Access (Shafts) 

Main Test Level 

Exploratory Drifts

( (

TEST 

TEST 

TEST

ba ue

(x) 
(x) 

(x.)

,,,,, ,,,



OPTION 13 (B7)

TEST 33: LABORATORY TESTS (THERMAL AND MECHANICAL) USING SAMPLES 
OBTAINED FROM THE ESF

Ability in 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.

Ability of Option With Respect 
to the Base Case

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)
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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 

ESF TEST .UTjrIPMPOSZ IoREQoLES TESTING NEAR THE ESF 

PREPARERS 

ESF Test Organization ( USGS) . . ' 
Preparer's Name 

Los Alamos Test Manager's Office ,, fed Z. Elkins 

CHECKED BY: 

Name Signature organization 

TEST REFmERENCE (Regulatory): (6QCF -O.  

TEST SMPPORTS (Check) Repository Design ( ) Site Suitability ( x ) BDt 
(Characterization) 

TEST REQUREMEMTB/CONSTRAINTS:

DATE 

Date

)

SCP Section 8.3.1.2.2.4.9 

SDRD Rev 1 Section B-MPBH-l (Attached) 

Other Characterization of the Yucca Mountain 
Unsaturated Zone (Study Plan) 

CURRENT TEST LOCATION(S) (Check)

ESF Access (Shafts) 

Main Test Level 

Exploratory Drifts

x) 
( )

h (



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 linked to shaft 
construction, Option 13 which has no shafts would eliminate the 
MPBH's. No tests would be installed or conducted under this 
option. -Z 

3) The quality of data obtained, 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 
a) Installation None 
b) Initial testing None 
c) Longer - term test monitoring None 

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.  

No testing will be conducted

5C-145



North and South Ramps

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.

5C-146



ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT 

DATEA/Z 
ESF TEST IIYDROQO1C- PROPERTIES OF MWOR FAULTS ENCOUNTHERD IN TE T oF TO ESP 

PREPARERS: 

ESP Test Organization (--) USGSe~ ol. ý 
Preparer's Name 

Los Alamos Test Manager's Office Ned Z. Elkins 

CHECKED BY: 

MvERR~tCA( '3.- WH~ tTrtf-LO Uv~~,.?Q7-aP UC5 Gf2-%-& P. 134-1JqQ 
Name Signature Organization Date 

L TEST REFERENCE (Regulatory): 10 C (a,., 113 

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

TEST REQUIREMENTS/CONSTRAINTS: 

SCP Sectlbn 8.3.1.2.2.4.19_ 

SDRD Rev 1 Section B-HYD-10 (Attached) 

Other 

CURRENT TEST LOCATION(S) (Check) 

ESP Access (Shafts) ( ) 

Main Test Level ( ) 

Exploratory Drifts ( x )



I ilý

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 1.11, 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.  

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 TEST
DATE 

INTEGRATE AmA YSTEH

PREPARERS I 

ESP Test Organization () LoAlpmoo-) Rey')( 
Preparer's Name

Los Alamos Test Manager's Office Ned Z. Elkins 
p 4.

CHECKED BY:

Signature
LS D.o organization Dat 1 eqo Date

TEST REFERENCE (Regulatory): I 1 .tic (0 .I'7,Z "

S 

TEST SUPP;RTS (Check) 
0

Repository Design ( ) Site Suitability ( 
(Characterization)

) Both (x)

TEST REQUIREMENTS/CONSTRAINTS:

SCP Section

SDRD Rev I. Section B-IS-1 (Attached) 

Other 

CUUMET TEST LOCATION(S) (Check)

ESP Access (Shafts)

Main Test Level (X.;d-tdrs T,&'P;.,-. ( 
,th-a Ca (to )

(x)

x)

Exploratory Drifts

ESF ALTERNATIVES STUDY DATA SHEET FOR TESTING INPUT

(

O iv•eA.
Name

. ql -,,t

( X)
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APPENDIX 6A 

RECORDS PACKAGE LIST OF DOCUMENTS FOR 
EVALUATION OF FEATURES TO DETERMINE 

WHETHER THE FEATURES ARE DISCRIMINATORS 
FOR PERFORMANCE
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SAND91-0025 - RECORDS PACKAGES, SECTION 6
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Management 
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Number 
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Memo (DIM) 251, 
Evaluation of Repository/ 
ESF-Feature Performance 
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