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ABSTRACT

This document presents a description of a prospective geologic repository
for high-level radioactive waste to support the development of the Site
Characterization Plan for the Yucca Mountain site. This conceptual design
has been developed for the Department of Energy's Nevada Nuclear Waste
Storage Investigations Project by Sandia National Laboratories and its
supporting contractors.

The site for the prospective repository is located at Yucca Mountain in
southwestern Nevada, and the waste emplacement area will be constructed
in the underlying volcanic tuffs. The target horizon for waste emplace-
ment is a sloping bed of densely welded tuff more than 650 ft below the
surface and typically more than 600 ft above the water table. The con-
ceptual design described in this report is unique among repository designs
in that (1) it uses ramps in addition to shafts to gain access to the
underground facility, (2) the emplacement horizon is located above the
water table, and (3) it is possible that 300- to 400-ft-long horizontal
waste emplacement boreholes will be used.

In addition to describing the design and operations, this report summa-
rizes the design bases (site and properties of the waste package), design
and performance criteria, and the design analyses performed. The current
status of meeting the preclosure performance objectives for licensing and
of resolving the repository design and preclosure issues is presented.
The repository design presented in this report will be expanded and re-
fined during the advanced conceptual design, the license application
design, and the final procurement and construction design phases.
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APPENDIX A

EXPECTED TEMPERATURES FOR BOREHOLE WALLS AND DRIFTS
AFTER SPENT FUEL EHPLACEMENT

i



The calculations in this appendix were completed before the estab-
lishment of the Reference Information Base (RIB). These calculations are
based on properties available at the time of the Unit Evaluation
(Tillerson, J. R., and F. B. Nimick, "Geoengineering Properties of Poten-
tial Repository Units at Yucca Mountain, Southern Nevada," SAND84-0221,
Sandia National Laboratories, Albuquerque, NM, December 1984). The dif-
ferences between properties used and the current reference values are
small and the major controlling variable, areal power density, was not
changed. Therefore, expected temperatures reported here should not
differ greatly had the value of thermal properties current in the RIB
been used.
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KEYSTONE MEMO 6310-85-8 Sandia National Laboordes
date: April/15/1985 Albuquerque, New Mexico 87185

to: R. J. Flores, 6314

from: A. J. Mansure, 6314 g L

subject: Expected Temperatures for Spent Fuel Borehole Walls
and Drifts.

There is no comprehensive study of expected underground
facility temperatures based upon current properties and design
parameters. In general, temperature calculations have been done
for specific problems (drift temperature) and for purposes other
than determining expected temperatures (choosing standoffs).
Furthermore as material properties and the layout have changed,
many of the older calculations are no longer current (eg. B.S.
Langkopf, 1982).

This memorandum presents the most current and representative
temperature calculations for establishing expected temperatures.
Waste age and burnup are not considered. Results presented here
are intended to be either average or highest expected temperature
depending upon the assumptions of each individual calculation.

This memorandum is divided into three parts: Calculational
Basis, which summarized the properties and model assumptions
used; Borehole and Drift Temperatures, where results are
presented; and Further Work where the areas for which additional
work is needed are identified.

Calculational Basis

Calculations of temperatures for design purposes have
assumed there is only conductive transfer of heat. Vapor phase
effects due to boiling and associated forced convection are most
important near the emplacement borebole. and tend to lower
temperatures. These effects should not significantly change
drift temperatures and far-field temperatures (further
verification of these points is necessary). This approach for
design calculations (conductive heat transfer only) has been
adopted because of the difficulty in validating the vapor-phase
models and guaranteeing vaporization takes place as modeled, and
because the approach should be conservative.

Evaporation at the walls of the drift has also not yet been
adequately incorporated into the thermal analyses. This effect
is not important for unventilated drifts; however, it could be
significant for ventilated drifts. Ventilation removes heat from
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the system (underground facility); thus assuming the drifts have
not been ventilated results in higher temperatures.

Properties used in thermal analyses to date are those
adopted for the unit evaluation (Johnstone, et. al. 1984) and
predate the current reference data (Nimick, et. al. 1984). They
are

Heat capacity 2.17 MJ/cu.m-oC
Thermal conductivity 1.8 W/m-oC
In situ temperature 26 deg. C

Constraints in establishing thermal loadings have been

Areal Power Density 57 kW/acre
- unit evaluation (Johnstone, 1984)

Rock mass temperature <200 deg. C beyond 1m from borehole
Waste form temperature <350 deg. C

- (Gregg and O'Neal, 1983)

Container dimensions and output (3.0 kW/container) assumed
are those given in "Preliminary Reference Waste Descriptions for
a Repository at Yucca Mountain, Nevada" (O'Brien, 1984). The
waste was assumed to be 10 years out of the reactor and have
burnups of 27.5 GWd/MTU for BWR and 32.7 GWd/MTU for PWR.

Thermal decay functions used were defined by Shirley
(1983a). Drift and layout dimensions for most calculations have
been those defined by Shirley (1983b). The results presented
here assume no compressed tuff backfill, no borehole liner for
vertical emplacement, but assume there is a borehole liner for
horizontal emplacement.

The design of the container is still in progress. LLNL
has performed some thermal trade-off studies (Stein, et. al.,
1984). Their basic design accommodates up to 3 intact or 6
consolidated PWR assemblies, or up to 7 intact or 14 consolidated
BWR assemblies. The containers have 6 internal fins for PWR and
9 internal fins for BWR. These designs result in about a 100 deg.
C temperature difference between the hottest point within the SF
rods and the borehole wall. It has been shown that this
temperature difference is dependent upon the number of fins. If
the container does not have enough fins or the fins are not
properly arranged, this temperature difference would be much
higher. If too many fins are added the additional benefit is
small and the cost is higher. The basic designs developed by
LLNL are believed to be in between not enough fins to get the
heat out and the point of diminishing returns. The 100 deg. C
temperature difference between the hottest point in the fuel and
the borehole wall is about 30% of the temperature difference
between the in situ temperature and the waste form temperature
constraint. This leaves an adequate temperature difference for
heat transfer outside the borehole. Hence, based on the design
work by LLNL, thermal analyses have assumed that the borehole
wall should not get hotter than about 220 +/-10 deg. C.

There is considerable variability in the thermal output of
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individual fuel assemblies. This must be considered in the
design of the container. The maximum allowable container output
has been assumed to be 3.4kW (O'Brien, 1985). The 3.4kW limit
has been chosen to keep the waste form temperature limit from
being exceeded assuming the afore mentioned basic container
designs. This limit could change if the design of the container,
especially the number of fins, is changed. The actual limit is
also effected by the waste age, burnup, rock thermal properties,
and the areal power density. It has been shown that if the
container has 14 fins, thermal outputs as high as 3.56kW may be
acceptable. (Stein, et. al., 1984)

The average container output if all fuel rods are
consolidated is 3.0 kW (O'Brien, 1984). Based on recent waste
descriptions (O'Brien, 1985), not all fuel rods can be expected
to be consolidated and thus the average container output is 2.3
kW (see Appendix A). One might guess there would be a big
difference in temperatures depending upon which container output
(3.4kW, 3.0kW, or 2.3kW) is used. However, this is not true
because all waste is emplaced at the design basis areal power
density. That is the constraint (eg. 57 kW/acre) is more
important in determining temperature than the actual container
output.

For horizontal emplacement it is fairly easy to understand
why, for drift temperatures, the container output is not the
critical parameter. In this case the waste is so far away, that
for all practical considerations, it can be considered uniformly
distributed. Thus the important factor is the areal power
density not the output of an individual container.

For horizontal emplacement, heat transfer along the
borehole, because of the presence of the liner, should be
sufficient to make the rock wall temperature fairly uniform along
the borehole wall. Thus the important factor in determining the
borehole wall temperature will be the thermal loading (kW per
meter) of the borehole. Calculations will be performed to
determine the maximum number of kilowatts per meter of borehole
for which waste form and rock mass temperature constraints can be
met. When higher output containers are received, the containers
will have to be spaced out along the borehole to maintain the
proper temperatures. If containers of lower output are received,
the boreholes can be spaced closer together as long as the
maximum APD limit is not exceeded.

For vertical emplacement it has been shown that the
important factor in determining temperature is the thermal
loading along the drift floor, that is, the output of the
container divided by the spacing between containers (St. John,
1985). The acceptable thermal loading is determined by the
rock mass temperature constraint and the waste form temperature
constraint (temperature at the borehole wall in these
calculations). Thus as container output varies, temperatures
remain remain essentially the same, if the borehole spacing is
varied so 'that the number of kilowatts per meter of drift is
constant. Table 1 compares the borehole temperatures for three
different container outputs and shows the peak temperatures are
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within 15 deg. C when the loading is constant (.612 kW/m was used).
Figure 1 displays this same data. Calculations for the table
were done using the ARRAYF code.

Table 1: Vertical Emplacement Borehole Wall Temperature for
Different Container Outputs, but Constant Kilowatts per Meter of
Drift and Areal Power Density
_____________________________________________________________________-

Time (years) Temperature (deg. C)
............................................. 0.......................

2.4 kW/container 3 kW/container 3.4 kW/container
3.92 m separation 4.9 m separation 5.55 m separation

....................................................................

5 201 218 230
10 210 226 237
15 212 226 237
20 210 224 234
25 205 220 229
30 200 214 223
50 175 188 196

......... ............................................................

Since the actual container design has not been established,
container, liner, and borehole dimensions are still in a state of
flux. These parameters do not significantly effect borehole wall
temperatures. Table 2 compares borehole wall temperatures for
two different diameter vertical emplacement boreholes. All other
input data was the same in these two analyses. The table shows
that the borehole wall temperature is not greatly affected by the
difference in size of the two boreholes.

Table 2. Borehole Wall Temperature as Effected by Borehole
Diameter.

___________________________________________________________________

Time (years) Temperature (deg. C)
.................................................................

Diameter .355m Diameter .395
.............................................

218 212
10 226 221
15 226 222
20 224 220
30 214 211
50 188 186
70 165 163

...................................................................

Borehole and Drift Temperatures

For horizontal emplacement of 10 year old 3.0 kW containers,
the emplacement configuration analyzed is 32 containers per 165
meters of borehole (or 0.582kW/m) with the boreholes 33m apart.
Table 3 tabulates the temperature in between the boreholes as a
function of distance from the center of the borehole. The
temperature at 0.395m is the borehole wall. These calculations
were made using with ARRAYF computer code (Klett, et. al., 1981).
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Table 3. Horizontal Emplacement Rock Temperatures

I Distance (meters)
Time (years) I 0.395' 1.39 2.5 5.0 7.5 10.0 12.5

2.5 1 192. 132. 104. 72.2 55.4 45.4 39.5
5.0 1 203. 145. 119. 88.4 71.9 61.7 55.6
7.5 1 208. 153. 128. 99.0 83.2 73.5 67.7

10. I 211. 159. 135. 107. 91.9 82.7 77.2
20. I 211. 168. 148. 125. 113. 105. 101.
30 1 205. 169. 153. 133. 123. 117. 113.
40. I 198. 167. 153. 136. 128. 122. 119.
50. I 189. 163. 151. 137. 129. 124. 121.
75. I 171. 151. 142. 132. 126. 123. 121.

100. 1 156. 141. 134. 125. 121. 118. 116.

For vertical emplacement of 10 year old 3.0 kW containers,
the emplacement configuration analyzed is boreholes separated by
4.9 meters (or .612 kW per meter of drift length) with drifts
separated by 32.6m. The top of the containers has been assumed
to be 3 meters below the floor of the drift. Clearly for
vertical emplacement both borehole wall and drift temperatures
depend upon this assumption. Work is presently underway to
determine the ventilation and structural significance of this
assumption. Table 4 tabulates rock temperatures as a function of
distance from the center of the borehole in a plane at the
mid-height of the container and perpendicular to the axis of the
borehole. The borehole wall is at 0.355 meters. These
temperatures were calculated using the ARRAYF computer code
(Klett, et. al., 1981). ARRAYF solves for the temperature using
an analytic solution. It does not take into account effects of
the drift on temperatures.

Table 4. Vertical Emplacement Rock Temperatures Calculated Using
ARRAYF

I Distance (meters)
Time I Toward next borehole I Perpendicular to drift
(years) I 0.355 1.355 1 1.355 15.3

~~.. . . . . . . . .......... ........ . .. . .. . .. . .
2.5 1 207. 141. I 135. 33.3
5. I 218. 155. I 149. 45.5
7.5 1 223. 163. I 158. 56.6

10. I 226. 169. I 163. 66.0
15. I 226. 175. I 170. 80.6
20. I 224. 177. I 173. 90.7
30. I 214. 175. I 171. 102.
50. I 188. 159. 1 157. 106.

100 1 141. 124. I 122. 92.2

Figure 2 shows finite element temperature calculations of
borehole wall temperature for vertical emplacement (St. John,
1985). Data reported in this figure is based upon a slightly
different number of kW per meter of drift (.75 kW/m) than than
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that reported in Table 4. The container was approximated by a
rectangular hole in these calculations. This approximation has
negligible effect on drift temperature but may have a slight
effect on temperatures near the container because the rectangular
hole has about 12% more area to dissipate heat.

The top curve on Figure 2 ignores the presence of the drift
and thus corresponds to calculations done using ARRAYF. The
second curve on Figure 2 (numerical-unventilated) includes the
effects of an unventilated drift. This curve shows that
convection and radiation across the drift increases heat transfer
causing the borehole wall temperature to be lower. The
difference in the top two curves shows that ignoring the presence
an unventilated drift leads to an over estimation of borehole
wall temperature by about 10 deg C. The third curve on Figure 2
(numerical-ventilated) assumed that the drift wall was held at a
constant 30 deg. C to simulate ventilation of the drift. This
curve shows that ventilation can significantly cool the borehole
wall (about 25 deg. C).

Finite element analyses have not been performed for the
current design to determine drift temperatures for horizontal
emplacement, but calculations have been made using ARRAYF. The
ARRAYF calculations do not include drift effects on the
temperature field; however, for horizontal emplacement, the drift
is far enough away from the containers that the temperature
difference across the drift will be very small. Thus the
differences in the temperature field because of the presence of
the drift should not be great. Figure 3 shows the temperature
expected as a function of time for horizontal emplacement. For
horizontal emplacement drift temperatures are dependent upon the
standoff between the waste and the drift. The standoff has been
selected to be 35m so that at 50 years the temperature in the
drift remains below 50 deg. C. Table 5 gives unventilated drift
temperatures for horizontal emplacement as a function of time and
standoff.

Table 5. Drift Temperatures (deg. C) for a Unventilated
Horizontal Emplacement Drift
_________________________________________________________________

Time I Standoff Distance
(years) I 15 meters 25 meters 35 meters

…______ __I… _________________- -_________________________
5 1 29.6 26.8 26.1

10 1 36.2 29.9 27.2
20 1 48.4 38.3 32.0
30 1 57.8 46.2 37.8
40 1 64.7 52.7 43.3
50 1 69.9 58.0 48.2
75 1 77.8 67.0 57.3

100 1 81.7 72.1 63.0
_________________________________________________________________

For the 35m standoff case, horizontal-emplacement
drift-temperature calculations have-been carried out through 800
years to determine the maximum temperature in the drift. This
temperature, 90 deg. C occurred at 720 years. If the standoff
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were reduced the maximum temperature would be higher and would
occur earlier in time.

Finite element calculations of the emplacement drift wall
temperature have been made for vertical emplacement assuming .75
kW/m of drift (St. John, 1985). These calculations have
simulated radiative and convective heat transfer across the drift
by using an equivalent conductivity in the drift. This approach
and the diffusivity value used (50 m2/yr) are consistent with
that used by other investigators (Eaton, 1982; and Butkovich and
Montan 1980). As with vertical emplacement borehole wall
temperatures, the emplacement drift temperatures are dependent
upon the loading under the drift (kilowatts per meter) and the
standoff between the drift and the container. Figure 4 shows
vertical emplacement drift temperatures as a function of time for
an unventilated drift. Data for Figure 4 is summarized in Table
6.

Table 6. Drift Temperatures (deg. C) for a Unventilated
Vertical Emplacement Drift

_________________________________________________________________

Time I Center of
(years) I Drift Floor Wall Roof

5 1 72.7 94.3 71.1 49.5
10 I 89.7 110.2 88.2 65.6
20 1 107.1 124.8 105.9 85.0
30 1 115.8 130.8 114.8 96.3
40 I 120.2 133.2 119.4 103.2
50 1 122.4 133.7 121.7 107.4
75 1 123.5 131.8 122.9 112.1

100 1 122.5 129.2 122.0 113.3

For vertical emplacement, in addition to emplacement drifts,
there are access drifts. It is a design objective that, like the
emplacement drifts for the horizontal configuration, the access
drifts for the vertical configuration should remain below 50 deg.
C at 50 years. Table 7 shows the drift-wall temperature increase,
for vertical access drifts, due to the heat that travels through
the rock and due to the heat that comes from the emplacement
drift bulkhead. The heat that travels through the rock has been
calculated using ARRAYF and assumes a standoff of 34.15 meters
between the access drift and the first borehole in the
emplacement drift.

The bulkhead contribution to the drift temperature was
calculated using ARRAFY by assuming a heat source of .0171 kW/m
of access drift. This value was picked because when the
temperature contribution (4.5 deg. C) of this heat source is
added to the in situ temperature (26 deg. C) and the temperature
contribution of the heat conduction through the rock (18.3 deg.
C) the resulting drift temperature is 50 deg. C (cf. Table 7).
Thus the assumed heat source (.0171 kW/m) represents the maximum
amount of heat the bulkhead can leak without the drift
temperature being too high.
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Table 7. Unventilated Vertical Access Drift Temperature
Increases
_________________________________________________________________

Time I Temperature Increase (deg. C)
(years) I Conduction through rock Bulkhead contribution

… ___- - - --I…-___---------- -----_--_-__ --- ___
5 1 .2 2.8

10 1 1.2 3.4
20 1 5.1 3.9
30 1 9.7 4.2
40 1 14.2 4.4
50 1 18.3 4.5
75 1 26.5 4.8

100 1 32.2 5.0

The assumed .0171 kW/m heat source corresponds to .56 kW
for each bulkhead. If the temperature on the emplacement side
of the bulkhead is assumed to be 110 deg. C (cf. table 6), the
bulkhead thermal resistance would have to be at least 2040
oC-sq.m/kW in order to prevent more than .56 kW from leaking
through the bulkhead. This is considerably more resistance than
supplied by convection and radiation off of the bulkhead, but is
about equivalent to 3 inches of glass wool.

Future Work

Future work on evaluating expected temperatures will
include revising thermal properties to be consistent with
reference data, evaluating the significance of uncertainty in
thermal properties by sensitivity studies, evaluating the effect
of lithophysae, reevaluating vertical emplacement borehole wall
and emplacement drift temperatures using finite element
calculations with the current thermal loading and reference
geometry, and determining if the effects of boiling and vapor
transport have been adequately considered especially for vertical
emplacement where the 100 deg. C isotherm intersects the drift.
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APPENDIX A

Determination of average container size.

PWR

41686MTU * .5085kW/assembly / (.4614MTU/assembly) - 45941 kW

BWR

26499MTU * .1667kW/assembly / (.1833MTU/assembly) = 24099 kW

Average output

70,040kW / (30634 containers) = 2.29 kWfcontainer

....................................................................

All data from O'Brien 1985.
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SRNOIR 3-0 SIMULRTIONS: TEMPERATURE AT (0.355, 0., 0.) 122184
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Figure 2. A Comparison of the Temperature History of a Point
on the Wall of a Vertical Emplacement Borehole, Obtained Using
Several Different Three Dimensional Models Each with a Different
Approach to Representing Ventilation in the Drift.
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ADDENDUM TO APPENDIX A

1. The curves of Figure 1 should be labeled as follows: for the
top curve, 3.4 kW/container; the middle curve, 3.0 kW/container;
and the bottom curve, 2.4 kW/container.

2. Subsequent to this report two sets of reference calculations
have been made.

For emplacement drift conditions the reader should refer to
C.M. St. John, "Reference Thermal and Thermal/Mechanical
Analyses of Drifts for Vertical and Horizontal Emplacement of
Nuclear Waste in a Repository in Tuff," SAND86-7005, Sandia
National Laboratory, Albuquerque, NM, May, 1987.

For horizontal emplacement borehole conditions the reader
should refer to K. Arulmoli and C.M. St. John, "Analyses of
Horizontal Waste Emplacement Boreholes of a Repository in
Tuff," SAND 86-7133, Sandia National Laboratory, Albuquerque,
NM, 1987.
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Appendix B

PRELIMINARY LINER STRESS ANALYSIS

Introduction:
In addition to a vertical emplacement concept, the Nevada Nuclear
Waste Storage Investigations (NNWSI) Project staff at Sandia National
Laboratories are investigating horizontal emplacement of waste. The
horizontal emplacement concept offers various potential cost and
performance advantages (CDR Appendix E). To ensure that the emplaced
waste will be retrievable as required by 10 CFR 60 (NRC, 1986), the
current design for horizontal emplacement includes the use of a liner
in the emplacement boreholes. This preliminary scoping analysis has
been performed for two reasons: (1) to determine whether the liner
can survive the anticipated rockfall loading and (2) to determine the
amount of sacrificial material available for corrosion damage.

Approach:
Many different types of analysis techniques were considered for this
preliminary scoping analysis (e.g., beam on elastic foundation analy-
sis, finite element analysis, surface analysis, and ring loading
analysis). A ring loading analysis was selected because it is con-
sidered to provide sufficient accuracy with a minimum level of effort
and to produce conservative results. As shown in Figure B-1, a 1-in.
section of the liner was isolated. The loading configuration for the
resulting ring is shown in Figure B-2. The concept of superposition
was used to develop the proper loading configuration. As shown in
Figure B-3, by combining three loading configurations for which the
solutions are known (Roark and Young, 1975), the loading arrangement
shown in Figure B-2 can be modeled. The stresses in the liner re-
sulting from the loads were predicted using the computer code PLOT_
LOAD. This code predicts the bending stress at specific locations
along the circumference of the liner. The results are presented
as a plot of bending stress from the top of the liner (Point A) to
the bottom (Point C). Verification of the computer code used for
this analysis is contained in Attachment 1. A copy of the computer
code is provided in Attachment 2.

Assumptions:
The following assumptions have been made for this analysis:

1. Only loading due to rockfall has been considered. The loads
imparted by the waste package and the actual weight of the liner
are not insignificant and will be considered in future work.

2. Axial loads have not been considered. The two possible sources
for axial loading are (1) residual loads as a result of emplace-
ment of the liner and (2) thermally induced axial stress. For
this analysis, it has been assumed that the liner is free to move
within the borehole.
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Figure B-1. Representative 1-in. Section for Ring Loading Analysis

3. Only bending stress has been considered. As a result of the
imposed rockfall loading, bending, hoop, and shear stresses will
be present. As shown in Attachment 3, the hoop and shear
stresses are negligible in contrast to the bending stress.

Input Data:
The following input data have been used for this analysis:

Borehole radius = 18.5 in.
Rock specific gravity = 2.34
Liner radius (R) = 18.0 in.
Liner thickness (t) = 0.5 in.
Rock load angle (2a) = 60°
Base reaction angle (2b) = 20°

Rockfall Load Calculation:
This calculation utilizes the concept of a failure zone. The concept
assumes that the rock within a zone of failure has fallen upon the
liner. Two worst-case loading concepts, triangular and radial, were
considered for this analysis. The triangular concept is suggested in
"Field Investigation of Keyblock Stability," (Yow, 1985) and is shown
in Figure B-4. Using an apex angle of 60°, the resulting rockfall
load is 19.8 lb. The radial failure concept shown in Figure B-5 has
been developed using engineering judgment. This concept assumes that
9.84 in. (0.25 m) of rock has failed in a zone that extends over a
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Figure B-2. Borehole Liner Load Diagram
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APEX ANGLE (2a)

FAILURE ZONE

WALL

AREA =
(cos a

sin a
=R12(cot a +aR - vI2)

AREA = (18.5 In.)2 Ecot(30 0) + ( 3 0 1 R - W21 = 234 In.2

LOAD* = (DENSITY)(AREA)(1 In.) = (0.0845 Ib/in.3 )(234 In.2)(1 In.)

LOAD = 19.8 lb

*NOTE: THE LOAD IS BASED UPON A 1-In. RING

Figure B-4. Triangular Concept
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FAILURE ZONE

/_B RBOREHOLE

AREA = 6 [(28.34 In.) 2 - (18.5 In.)2] = 241.3 In.2

LOAD* = (DENSITY)(AREA)(1 In.) = (0.0845 Ib/in.3)(241.3 In.2)(1 In.)

LOAD = 20.4 lb

*NOTE: THE LOAD IS BASED UPON A 1-in. RING

Figure B-5. Radial Failure Concept
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600 angle. The resulting rockfall load is 20.4 lb for the 1-in. ring
length. The radial loading concept will be used for this analysis
because it results in a larger load on the liner.

Results:
Four series of computer runs were made for this analysis. The first
run was a verification run (presented in Attachment 3). This run
confirmed that the computer code was solving the modeling equations
correctly.

The second run computed the stress on the liner for the assumed input
conditions and rockfall loading. The results are presented in Figure
B-6. These results indicate that the maximum bending stress on the
liner occurs at the bottom of the liner and is approximately
+2,400 psi. (Note: the positive sign indicates that the bending is
outward.) This stress level is negligible in comparison to the yield
strength of low carbon steel of at least 30 Ksi.

The third run varied the rockfall and base reaction load angles to
investigate the change in resulting liner stress predictions. As
shown in Figures B-6 through 8-8, the shape of the stress plots is
affected only minimally by the variance of the rockfall load angle
from 50e to 30". The major effect was a variance of the stress at
the top of the liner of approximately 500 psi. A similar response
was observed by varying the base angle from 30e to 50o as shown in
Figures B-9 through B-il.

The fourth computer run varied the liner thickness to simulate the
possible effect of corrosion of the liner. As shown in Figures B-11
through B-19, the stress in the liner does not become significant
(compared to the liner yield stress of at least 30 Isi, assuming low
carbon steel) until the thickness is reduced to 0.2 inches (a 60L
reduction in thickness). With current projections of corrosion rates
on the order of 2 mpy (mills per year) (RACE, 1974), sufficient
sacrificial material should be present for the 0.5-in.-thick liner to
survive the 84-yr expected lifetime.
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Attachment #1

COMPUTER CODE VERIFICATION

Date: 10/14/86
Code Name: PLOTLOAD
Author: Richard Flores

Subject: This computer code calculates the bending stress as a result of
rockfall loading on a liner. A diagram of the assumed loading
diagram is attached.

Data Input:

Verification:

R=
t=
W=

a =
b =
E =

18.0 in. (radius)
0.5 in. (thickness)
20.4 lb (rock load)
30° (rock load half-angle)
101 (reaction load half-angle)
3 x 107 psi (Young's Modulus)

The computer code is verified by performing a hand
calculation at three points on the liner: the top
(Pt. A), the side (Pt. B), and the bottom (Pt. C).

Results: The results from the hand calculations are as follows:

dA = 1,810 psi
oB = 1,530 psi
aC = 2,380 psi

The results from the verification computer run (Table B-1 and
Figure B-20) produced the same results.

Notation

R

R
CB

C
S

CB
CR
SB

StR

=

distributed load from the rock
distributed load from the base response
1801 - a (for rock load)
1800 - b (for base response)
Cos a
Sin e
Cos 0B
COs OR
Sin (B
Sin eR
liner thickness
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TABLE B-1

RESULTS FROM COMPUTER CODE VERIFICATION RUN

Angle
(Degrees)

Bending Moment
(in-lb)

0
5

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

100.
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180

75.6
74.4
70.7
64.6
56. 1
45.3
32.3
18.6

5.6
-6.5

-17.6
-27.7
-36.6
-44.4
-50.9
-56.2
-60.0
-62.5
-63.7
-63.4
-61.7
-58.7
-54.2
-48.5
-41.5
-33.2
-23.8
-13.3

-1.8
10.7
23.9
38.0
52.6
67.7
83.3
95.1
99.0

Bending Stress
(Ksi)

1.81
1.78
1.70
1.55
1.35
1.09
0.78
0.45
0.14

-0.16
-0.42
-0.66
-0.88
-1.07

-1.22
-1.35
-1.44
-1.50
-1.53
-1.52
-1.48
-1.41
-1.30
-1.16
-1.00
-0.80
-0.57
-0.32
-0.04
0.26
0.57
0.91
1.26
1.63
2.00
2.28
2.38
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HAND CALCULATION FOR POINT A (TOP)

From Roark and Young (1975), pages 220 and 230:

A A)Case 1 [( C)Case 12]R [( A)Case 121B

HA = WR- R2 [ (1 + CR) wB R 2 1 (OB + 25 BC)Bl"A= 'R Lw EJELB) r B

Since: = and wR 2
wE-2R SB 2R SR

"A~ eIR R 1~e+s C~+~
A = 1 _ \ (I + C) -2S [ eB + 2S I B B]

~~JR% i SR R SB C) B eBCB

*Inserting values:

HA = (20.4 lb) (18 in) - 0.111 - 0.00081 = 75.6 in-lb

He t 36H/ (1
a = I and C - 2 and I - t2 (I in)t i

6(75.6 in-lb)
OA 2 =1,810 psi

(0.5 in) (1 in)

M HA = 75.6 in-lbL A = 1,810 psi

*Note: Values are based upon a 1-in. ring.
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HAND CALCULATION FOR POINT B (SIDE)

From Roark and Young (1975), pages 220 and 230:

B (EB)Case 1 [ BCase 12]R + B)Case 121B

In General: MB _ - R (Case 1)
MB 1~ 2 (Cs)

HB = uR2 _ I(e + 2S - OC) - 1 + C + -(S -eC) + C (Case 12)

Combining with W = 2Rsine

MB 1 1 1 [ ([ (
WR r 2S+2R0 I r SR)] LiSB

*Inserting values: %

MB = (20.4 lb) (18 in)

6(-63.7 in-lb) -

'B ~(0.5 in)2(1 in)

=1 - + 0.00751 + 0.00081IN 2

(-0.1734) = -63.7 in-lb

-1,530 psi

MB = -63.7 in-lb

| aB = -1,530 psi

*Note: Values are based upon a 1-in. ring.
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HAND CALCULATION FOR POINT C (BOTTOM)

From Roark and Young (1975), pages 220 and 230:

MC (KCCaseI + [( C)Case 12]B A [(M)Case 12]R

IC I BRf( IVB)] R [ (R R R R) R]

Since: wB =2 and wR 2 S
OB 2RS R 2R S

H C I e
_ B~(I+

WR 0 r YSBI B)

*Inserting values: WC
WR

MC = (20.4 lb) (18 in)

6(99 in-lb)

IC =(0.5 in)2(1 in)

2 [ (OR + 2S ec 1 +
2$R Ii (e R - YR) CR]

85 (0.015) - (1) [1 (5.88) - 1 + C
I. -- I CR]

0.2697
- - 0.04131 - 0.00 731 . 99 in-lb

2,380 psi

*Note: Values are based upon a 1-in. ring.
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Attachment #2

SOURCE CODE FOR PROGRAM "PLOT-LOAD"

1
2
3
4
S
6
7
a
9
10
12
13
14
15
20
30
40
41
50
51
52
53
60
61
62
64
70
so
90
100
110
120
130
140
150
160
161
162
163
170
171
172
173
175
176
190
190
200
201
203
210
211
212
214
215
216
217
218
219
220

! RICHARD J. FLORES

DIVISION 6314
SANDIA NATIONAL LABORATORIES

PROGRAM "PLOT_LOAD"

! THIS PROGRAM SIMULATES THE EFFECT OF ROCK FALL LOADING
! ON THE BOREHOLE LINER.

IT INCLUDES BOTH A LINEAR AND A UNIFORM LOADING MODEL.

OPTION BASE 1
DIM Xa(200),Ma(200),Mb(200),Mc(200),X(200),Xdeg(200),Str(200)
DIM Rmin(2),Rmax(2),Tic(2),Y(200)
DIM L$ES3O,X1$E403,Y1$E40J,Numpts(10),Linetyp.(10),Output(10,200)
DIM Shear(200),Hoop(200)

Out_41fag-0

EVALUATE EVERY DES

Pts-181
FOR I-1 TO Pt%

Xa(I)-(I-1)*PI/10
NEXT I

! 1 FOR PRINTER
! 2 FOR PLOTTER

Nu. 3
T-.5
R- 18

! LINER THICKNESS
LINER RADIUS (O.D.)

ANGULAR MEASUREMENTS ASSUME A 30 DEG. APEX HALF ANGLE

Theta-PI/6
Beta-PI /
Phi-PI-Beta
Zeta-PI/18
Rho-PI-Zata

W-33. 0

I

APEX HALF ANGLE
ROCK FALL LOADING HALF-ANGLE
190 DEG. MINUS BETA
10 DEG. BASE HALF-ANGLE

! LOADING AT 30 DEG. (LB/IN)

CALL Uni.base(WR,T,Nu,Phi,Xa(*),Ma(*),Pts,Shear(*),Hoop(*))
CALL Line joad(W,R,T,Nu,Xa(*),Mb(*),Pts,Shear(*),Hoop(*))
CALL Uni.base(W,R,T,Nu,Rho,Xa(*),Mc(*),Pts,Shear(*),Hoop(*))

Loading-3

FOR Ii1 TO Pts
Xdeg(I)-Xa(I)*1S0/PI
J-Pts+1-I
SELECT Loading

CASE 1
M-Mb(J)

CASE 2

INVERT THE LOADING FOR ROCKFALL

! LINE TOP AND BOTTOM

! UNI TOP, LINE BOTTOM

B-28



221 M-Ma(J)+MbCJ)
222 CASE 3 ! UNI TOP AND BOTTOM
223 M-Ma(J)+Mb(J)+Mc(l)
224 END SELECT
225
226 Str(l)-M*6/(1000*T^2)
227 !PRINT-Xdeq(I),Str(I)
230 NEXT I
231 !PRINT
240 !PRINT Horz,Vert
250
251 ! PLOT THE RESULTS
252
253 LS-'LINER STRESS DUE TO ROCK FALL LOADING'
254 XI*$"ANGLE FROM POINT A (DES)"
255 YlSm"STRESS (KSI)"
256
260 CALL Minmex(Xdeg(*),Str(*),Pts,Rmax(*),Rmin(*),Tic(*))
261
262 ! SET UP FOR MULTIPLE CURVE OPTION
263 !
264 Numcur-l
265 Numpts()1-Pts
266 Linetype(l)-l
267 FOR I-i TO Numcur
268 FOR J-l TO Num_pts(I)
269 Output(I,J)-Str(J)
270 NEXT J
271 NEXT I
272
274 CALL tgraph(Xdeg(*),Output(*),Numcur,Numpts(*),LSXZ*,YS*,Rmax(*),Rmin
(*),Tic(*),Linetype(*),Out_flag)
311
312 Dev701-
313
314 IF Outflag-1 THEN
316 CALL Outp(W,R,T,Thet&,Beta,ZetaDev)
317 END IF
319
320 END
321
322 !******************************************************************
323 SUB Unipase(Tload,RT,Nu,Phi,X(*),M(*),Pts,Shear(*),Hoop(*))
330 !
340 ! R.J. FLORES 10/4/83
350
360 ! THIS PROGRAM ACCOUNTS FOR THE INCREASE IN THE BASE
370 ! OF SUPPORT DUE TO THE DEFLECTION OF THE LINER.
371 ( (CASE *12 IS USED)
380
390 ! TLOAD IS THE TOTAL LOAD ON THE LINER.
400 '
410 OPTION BASE 1
420 E-3.E+7 ! YOUNG'S MOD
421
422 ! TRIG VALUES
423 !
424 St-SIN(Phi)
425 Ct-COS(Phi)
429 !
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- -

430 COMPUTE THE DISTRIBUTED LOAD - W
431
432 W-Tload/(2*R*St! LINEARLY DISTRIBUTED
433 !
435
440 DEFLECTIONS
450
460 Con-12*W*(R^4)*(1-Nu^2)/(E*T3)
470
46o Conl-(Ct*(PI-Phi)+St)/2
490 Con2-2*(PI-Phi-St)/PI
500 Alph-(T^3)/(12*(R"2)*PI*(1-Nu^2)*(2*R*T-T^2))
510
520 Delh--Con*(Conl-Con2)
530 Delv-Con*(l-Ct-2*(Phi+St)/PI+St*(PI-Phi)/2-Alph*(1+Ct))
540
550
560 ! MOMENTS
570
580 Ma-l-Ct-(Phi+2*St-Phi*Ct)/PI
581 Ta--Ct-(St-Phi*Ct)/PI
590
600 FOR I-1 TO Pts
610 IF X(I)<Phi THEN
620 Delta-0
630 ELSE
640 Delta-i
650 END IF
660
661 Sx-SIN(X(I))
662 Cx-COS(X(I))
663 Cd-COS(X(I)-Phi)
664 Sd-SIN(X(I)-Phi)
665
670 M(I)-W*R'2*(Ma-Ta*(l-Cx)-Delta*(1-Cd))
680
681
682 SHEAR
683
684 Shear(I)--W*R*(Ta*Sx+Sd*Delta)
685
686 HOOP
687
689 Hoop(I)-W*R*(Ta*Cx-(Delta*(l-Cd)))
690
691
692 NEXT I
700
702
710 SUBEND
711
712 !***************************************************
713
720 SUB Linejload(W,R,T,Nu,X(*),M(*),Npt,Shear(*),Hoop(*))
730
740
750 ! THIS SUBROUTINE CALCULATES THE MOMENTS AND
760 ! DEFLECTIONS DUE TO THE OVERBURDEN. IT
770 ! ASSUMES A LINE LOAD ON THE TOP AND BOTTOM.
780
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790 ! R.J. FLORES 9/12/63
BOO!
610
E20 E-3.E47 YOUNG'S MOD
830
840 ! DEFLECTIONS
850
E60 Coni12*W*R`3* (1-Nu'^2) / (E*T^3)
870 Horz-Con*(2/PI-.5)
880 Vert Con*(2/PI-PI/4)
E90
910
920 FOR I-1 TO Npt
921
923 MOMENTS
924
930 M(I)-W*R*(1/PI-.5*SIN(X(I)))
931
932 SHEAR

934 Shear(l)m-W*COS(X(I))/2
935
936 HOOP
937
936 Hoop(I)--W*SIN(X(I))/2
939
941 NEXT r
950
970 SUBEND
980
990
1000 SUB Mgraph(X(*),Y(*),Ncur,Npts(*),Label$,Xlabel$,Ylabel$,Rmax(*),Rmin(*),
Tlc(*),L_.ty(*),P_flog)
1010 !
1011 ! THIS VERSION WILL PLOT UP TO 10 CURVES.
1020 !
1030 ! THIS PROGRAM WILL PLOT THE VALUES X VS Y.
1040 ! THE MIN AND MAX VALUES CAN BE CALCULATED
1050 ! BY THE SUBROUTINE "MINMAX".
1060 !
1070 ! R.J.FLORES 9/10/93
1071 ! REVISED 1/23/64
1080 !
1090 !
1100 !
1110 GINIT
1120 GRAPHICS ON
1130 !
1131 IF Pflag-2 THEN
1132 PLOTTER IS 705, HPGL-
1133 ELSE
1134 PLOTTER IS CRT,"INTERNAL-
1135 END IF
1140 !
1150 VIEWPORT 0,131,0,100
1160 FRAME
1170 VIEWPORT 19,121,23,E8
1180 FRAME
1190 !
1200 !
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1210
1220
1230
1240
1250
1260
1261
1262
1270
1280
1290
1300
1301
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1490
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770

WINDOW Rmin(1),Rmax(l),Rmin(2),Rmax(2)
AXES Tic(1),Tic(2),Rmin(1),Rmin(2)

. PLOT DATA

FOR N-1 TO Ncur
LINE TYPE L ty(N)
MOVE X(1),Y(N,1)
FOR I-2 TO Npts(N)
DRAW X(I),Y(NI)

NEXT I
NEXT N

VIEWPORT 0,131,0,100
WINDOW 0, 100,0, 100

LABEL X

CSIZE 3
LORG 5
Horiz-l.5
MOVE Horiz,20
Value-Rmin(l)-Tic l()
Inc-1+(Rmax(1)-Rmin(1))ITic(1)
Hchange-78/(Inc-l)
Horiz-Horiz+13

FOR I-1 TO Inc
Value-Value+Tic(l)
MOVE Horiz,20
Horiz-Horiz+Hchange
LABEL Value

NEXT I

I LABEL Y

Vert-16.5
Value-Rmin(2)-Tic(2)
LORG 8
Vert-Vert+6.4
Inc-l+(Rmax(2)-Rmin(2))/Tic(2)
Vchange-65/(Inc-1)

FOR I-1 TO Inc
Value-Value+Tic(2)
MOVE 15,Vert
IF Value<.001 AND Value>-.001
MOVE 13.5,Vert
LABEL 0"
LABEL Value

ELSE
LABEL Value

END IF
Vert=Vert+Vchange

NEXT I

!PEN AT CENTER OF THE LABEL

! PEN STARTING POSITION
! INITIAL X + 1 INCREMENT

! LOCATION INCREMENT

! X INCREMENT

! LOCATION INCREMENT

! LABEL AT R.H. SIDE OF PEN

THEN ! CHECK FOR ZERO

!

I LABEL X AXIS
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17EO CSIZE 3.5
1790 LORG 5
1E00 MOVE 53,14
1810 LABEL Xlabel*
1520
1E30 ! LABEL Y AXIS
lE40
165O DE6
1860 LDIR 90
1870 MOVE 6,55
1920 LABEL Ylabel$
1990 !
1900 ! LABEL PLOT
1910 !
1920 LDIR 0
1930 LOR6 2
1940 MOVE 9,5
1950 LABEL Label*
1960 !
1970 SUBEND
1980
1990 !
2000 SUB Minmax(X(*),Y(*),Npts,Rmax(*),Rmin(*),Tic(*))
2010 !
2020 ! THIS SUBROUTINE WILL DETERMINE THE OPTIMAL VALUES
2030 ! FOR THE GRAPHICS PROGRAM PJGRAPH.
2040
2050 ! R.J. FLORES 9/10/83
2060
2070 DIM Ex(2),Man(2),Dif(2),Temp(4)
2080 !
2090 ! DETERMINE THE MIN AND MAX VALUES
2100
2110 Rmax(l)-X(1)
2120 Rmin(1) -X(1)
2130 Rmax(2)inY(I)
2140 Rmin(2)-Y(C)
2150 !
2160 FOR 1-2 TO Npts
2170 IF X(I)>Rmax(1) THEN Rmax(1)-X(I)
2180 IF X(I)<Rmin(l) THEN Rmin(l)-X(I)
2190 IF Y(I)>Rmax(2) THEN Rmax(2)-Y(I)
2200 IF Y(I)<Rmin(2) THEN Rmin(2)-Y(I)
2210 NEXT I
2220 !
2230 ! IF THE GRAPH SHOULD START AT ZERO
2240 ! REMOVE THE CORRECT REMARK.
2250 !
2260 !IF Rmln(l)>0 THEN Rmin(l) O
2270 !IF Rmin(2)>0 THEN Rmin(2)-0
2280 !
2290 DETERMINE THE SIZE OF THE TICS
2300
2310 Dif(l)-Rmax(l)-Rmin~l)
2320 D14C2)-Rmax(2)-Rmin(2)
2330 EK(l)-INT(LGT(ABS(Dif(l))))
2340 Ex(2)-INT(LGT(ABS(Dif(2))))
2350 ! -
2360 Man(l)-INT(.5+(Dif(l)/(10'Ex l))))
2370 Man(2) INT(.5+(DifC2)/(10^Ex(2))))
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2380
2381
23B3
2384
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940

'PRINT Man(*)
SET UP FOR

FOR I-1 TO 2

APPROX 10 TICS

IF Man(I)<-2 THEN
Tic(I)-2*(10^(Ex (I)-1))

ELSE
IF Man(I)<-5 THEN
Tic(I)-5*tI0^{Ex(I)-l))

ELSE
Tic (I)F-IO(Ex())

END IF
END IF

NEXT I

! 5 FOR 5 TICS

! 10 FOR 5 TICS

! 2* FOR 5 TICS

NOTE:

A-. 999
B-I.001

MAX AND MIN FOR THE SCALES

IF THE MIN OR MIN IS ALMOST AN EXACT MULTIPLE OF THE
TIC SPACING, IT IS INEFFICIENT TO ADD ANOTHER TIC.
THE VARIABLES A AND B SET THE WINDOW.

FOR I-1 TO 2
Temp(I)-RmaxlI)
Temp(I+2)RnRmin(I)
Tl-Temp(I)+Tic(I)
T2-Temp(1+2)-Tic(I)

! COMPARISON SET UP

IF Rmin(I)>-O THEN
Rmin(I)-Tic(I)*(INT(ABS(Rmin(I))/Tic(I))) ! BOTH +
IF A*Rmin(I)<T2 AND B*Rmin(I)>T2 THEN Rmin(I)-Rmin(I)+Tic(I)
Rmax(I)-Tic(I)*(lINT(Rmax(I)/Tic(I)))
IF A*Rmax(I)<Tl AND B*Rmax(l)>Tl THEN Rmax(I)-Rmax(I)-Tic(I)

ELSE
Rmin(I)--Tic(I)*(1+INT(ABS(Rmin(I))/Tic(I))) ! MIN -
IF A*Rmintl)>T2 AND B*Rmin(I)<T2 THEN Rmin(I)-Rmin(I)+Tic(I)
IF Rmax(I)>-O THEN
Rmax(I)-Tic(I)*(l+INT(Rmax(I)/Tic(I))) ! MAX +
TlITemp(I)+Tic(I)
IF A*Rmax<I)<Tl AND B*Rmax(I)>Tl THEN Rmax(I)Rmax(I)-Tic(I)

ELSE
Rmax(I)--Tic(I)*(INT(ABS(Rmax(I))/Tic(I))) ! MAX -
IF A*Rmax(I)>Tl AND B*Rmax(I)<T1 THEN Rmax(I)-Rmax(I)-Tic(I)

END IF
END IF

NEXT I

SUBEND
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2950
2960
2961
2962
2963
2965
2966
2967
2968
2973
2974
2976
2977
2978
2980
2981
2982
2983
2984
2985
2986
2987
2990
2991
2992
2993
2994
2995
2996
2997
2998
2999
3000
3001
3002
3007
3008
3009
3010
3011
3012
3013
3015
3016
3017
3018

SUBD Outp (W,R,T,Thet&,Beta,Zet&,Dev)

DUMP GRAPH
!

PRINTER IS Dev
FOR Pri-I TO 7

PRINT
NEXT Pri

IF Dev-701 THEN
DUMP DEVICE IS Dev
DUMP GRAPHICS

END IF
!

OUTPUT
!
PRINT
PRINT
PRINT
PRINT TAB(22)IOINPUT I
PRINT
PRINT USING 2991CR
IMAGE IOX,"LINER RADIt
PRINT USING 29931T
IMAGE IOX,"LINER THICI

OUTPUT AS'
PRINT
PRINT
PRINT TAB(14)g"ASSUME]
PRINT
IMAGE 1OX,"ROCK FALL I
PRINT USING 30001W

PRINT USING 300512*&el
IMAGE IOX,"ROCK LOAD I
PRINT USING 301012*Zel
IMAGE 1OX."BASE LOAD 0

ICS

! PRINT OUTPUT TO 701

! SET PRINTER HPIB TO 701

DATA

DATA"

US

KNESS

RUMED

- ",3D.D,- INCHES"

= ",D.3D," INCHES"

LOADING

) LOADING CONDITIONS"

LOADING - ",3D.D," LBS/IN"

Pt*1E0/PI
ANSLE - ",3D," DEGREES"
ta*leO/Pl
%NGLE - ",3D," DEGREES"

, . .

IF Dev-701 THEN OUTPUT Dev;CHR$(12)

PRINTER IS 1

SUDEND
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Attachment #3

HOOP AND SHEAR LOAD CALCULATIONS

Hoop Load Calculation

At the side (Pt. B):

TB (T) [( B)] B [(TB) ]R

T = -W2 + O + 0 = -20.416= -10.2 lb
B 2 2

TB

B t(1 in)
-10.2 lb _204 psi

(0.5 in) (1 in)--2.pi

aB = -20.4 psi 1

Shear Load Calculation

At the side (Pt. B):

VB = wTA = R [ (S - eC) + C] IBIR w

- 2R SinO

wB
w

1 [C (S R +
2S 1w~R II- R R R] BS [BI B-

aBCB) + CB]

@ eR = 150° and 0B = 170°

VB
= (20.4 lb) (0.0148 + 0.001621 = 0.335 lb

VB

VB~t(l in)
0.335 lb = * P

(0.5 in)(1 in) =06 s

CB = 0.67 psi
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APPENDIX C

VENTILATION AND COOLING ANALYSES

prepared by

Keith Wallace and Daniel Brunner
Mine Ventilation Services, Inc.

for

Parsons Brinckerhoff Quade a Douglas
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This appendix presents part of the calculations done to develop the
design of the underground ventilation system for the repository; it is
included as a sample of the methods used to develop the ventilation
design. The appendix, due to the iteration of the design, in some cases
presents results based on designs that preceded the design presented in
the Site Characterization Plan-Conceptual Design Report (SCP-CDR). This
discrepancy in the design analyzed versus the design presented in the CDR
does not significantly alter the conclusions presented in the CDR.

Data from the Reference Information Base (RIB) used to develop the
conceptual design (Appendix Q) that were used in these analyses include
meteorological information and virgin rock temperatures. Results of
these analyses to be incorporated into the NNWSI RIB include air flow
quantities for underground development and waste emplacement systems.

ii
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VENTILATION AND COOLING ANALYSIS EXAMPLE

This is an example of ventilation and thermal analyses for the

vertical emplacement system approximately 10 yr after emplacement. The

calculation illustrates the methods and procedures used for the various

other ventilation and thermal analyses performed for horizontal emplace-

ment and other time phases of vertical emplacement. These analyses were

carried out using the ventilation network analysis program VIETPC

(Version 1.1) and the climatic simulation program CLIMSIM (Version 1.0).

The climatic simulation is based on the airflows and fan duties

determined from the ventilation analysis.

v - vi
C-S
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COMPUTATION SHEET Date .- n .l .
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The objective of the ventilation analysis is to determine an
optimal airflow distribution for each prospective undergroui
layout. The results obtained are to support the site
characterization plan (SCP) for the KNMSI.

procedure

The procedure enployed to establish an airflow distribution
for each euplacement layout consists of using conceptual
underground plans of the NWSI repository. Froa these plans a
ventilation schematic is drawi. A ventilation schematic is a
line diagram of the underground plan that is used to establish
the ventilation computer model. Each line, or branch, on the
schematic represents an airflow route and is identified by a
series of junctions, or nodes, and say represent a set of
parallel airways. For each branch a resistance to airflow valm
is determined.

Required airflow quantities, calculated from dust, gas and
enviroimental conditions, are determined for strategic
underground locations. The ventilation modeling exercise
consists of varying the main fan duties (volume and pressure,
airway sines, airflow direction, ventilation controls (bulkheads,
regulators, etc.) or mining or uplacement schemes until the
airflow requirements are achieved at a oinimal capital and
ventilation operating cost rhile not exeeding the design
constraints such as air velocity(Iflc'i- SOr, 1469c

The computer code used for this analysis is the V)EM
(ventilation network) computer proga. Verification of this
program is to be available.

The model selected for this analysis are described in the
design basis sectioni cder 'Yentilation System Nodellod'.

14
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fts-su2tions. and gtDeionBsis

The ventilation analysis is constrained by a set of
assumptions and design philosophies. The following sections are
excerpted from the functional design guidelines and are offered
here for completness of this document.

Two separate, continuously operating ventilation systems
shall be maintained during the operational phase of the
repository (IOCFR60.133(g) I3I). One system shall provide air to
the development operations the other to waste emplacement
operations. Separate returns and exhausts shall be provided for
each system. A common intake is feasible but not practical.
Connections between the two systems shall be sealed with
bulkheads and doors. At these connections, access small be
limited to authorized equipment and personnel. Emergency escape
between the two systems shall be possible through either the main
doors or through alarmed escape doors located in strategic
bulkheads.

A pressure differential shall be maintained between the
development operations and the waste emplacement operations such
that leakage will move from the development ventilation system to
the waste emplacement ventilation system. To ensure leakage in
this direction the waste euplacement ventilation system shall be
maintained at a negative pressure by an exhausting main fan on
the surface returns and the development ventilation system shall
be operated at a positive pressure by a main forcing fan on the
surface intake.

If the pressure differential between the two ventilation
systems exceeds a practical limit (to be determined) across the
bulkheads, a push-pull (two fan) ventilation system say be
required for the waste emplacement area.

All main fans shall be on surface anIshall not be reversible.

AirVolume anVloc ity tia

Volume reqirements shall be sufficient to comply with all
applicable lOCFR6O and 30CFR57 (non-gassy underground metal and
non-metal mine) requirements. Specific criteria for gas and dust
control will be based on the Threshold Limit Values ITL~s)
adopted by the Plerican Conference of Governmental Industrial
Hygienist (ACMIH).

The followinj minism airflow requirements are given for
conceptual design.

a) diesel equipments
12S cfm per brake horsepower ovr the machine I
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Engineers * Architects * Planners

COMPUTATION SHEET

Subject .S\~y;. M\e .c\%Xc\

Page .... 3~ .... of 4..3 7 .. I 1
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Mode by V.. s .f- .... ........

Date ... .. *...

Checked by .D.0;4.r t...... .... ........

Date -... 6 .|s.6 .. ........ .- .

b) personnels
210 cfr per underground employee

c) Tunnel Boring Machine ITEO) i 4,o C F'1 fn Tam

di Maste Transporter (360 bhpl I

45,000 cfm over each waste transporter

The air velocity in all ventilation airways snall be

established by economic and dust control consideration but are

not to be greater than those shown on the following table.

The minimum air velocity in all active working areas shall be 60

ft/lin Underground shop air requirements shall be deteruined

from A5ajij~onsiderations Air which passes through a shop,

decontamination facility or testing facility shall be returned

directly to exhaust.

Unless otherwise noted in the development or waste

emplacement ventilation sections, the undergrouwd climate in all

working areas shall eet the following environuental criterias

Air Cooling Power (ACP)I )u500 uini
Dry Bulb Temperature (td) (u 40 C (104 Fl

Should cooling of the air be required, spray chambers or
coiled heat exchangers say be employed. Chilled water for
underground cooling shall be provided from a swrface
refrigeration plant.

All meteorological design parameters necessary to determine
the ndrgroud climate are estimated from Sandia report
SIV ~ /2/ , 'Meteorological Design Parameters for the Canidate
Sit* of a Radioactive-Waste Repository at cuc Nountain,
Nevada-, December, 194.

a Subject to change.

of Kitchell and Nihiller, IY7.
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VELOCITY CRITERIA#

Area laxieum Velocities
Mfat/min)

Intake shafts (unobstructed) 4,000 L4

Return shafts (unobstructed) 4,000 ta"\

Waste transport rasp 1,500

Tuff ramp or shaft 1,500

Aen and materials shaft 2,300

Perimeter airway 2,000

Main entry drifts 1,500

Main return drifts 1,500

Haulage airways (no conveyor) 1,200

Haulage airways (conveyor - homotropal)- 1,000

Haulage airways (conveyor - antitropall BOO

Emplacement drifts 1,500

Development areas (drilling, etc.) 600

a axinum shaft velocities assume the shafts are dry and
unobstructed.

# National Advisory Board, 1980.
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RpQgoent Ventilation Systgm

The devulopment ventilation system shall be capable of
supplying air to support the construction of perimeter drifts,
central mains advanced ahead of other construction, emplacement
drifts and boring and lining operations for both vertical and
horizontal emplacement modes. The system must be flexible to
accomodate changed layouts and schedules.

YIse EI~acewent Vent iltion Sstee

The waste emplacement ventilation system capacity must be
sufficient to ensure safe transport, emplacement and retrieval
operations. The system shall be designed to minimize routine
activities downstream of emplaced waste. The training and
performance confirmation areas shall be ventilated at all times
to allow for continuous access.

All waste emplacement air shall be exhausted through a
surface structure with the capability to pass the air through a
series of HEPA filters. Fan capacity shall be sufficient to pull
an airflow through the filters adequate to implement recovery
procedures resulting from detection of excessive radiation in the
airstream During operation of the HEPA filters the airflow
volume in the waste emplacement ventilation system shall be
reduced by one-half. This constraint is subject to change.

Ventilation requirements applicable to both the vertical and
horizontal emplacement configurations shall be to allow
simultaneous spent fuel emplacement operations in two emplacement
drifts and DHLW and WVW emplacement in -e emplacement drif% .

sL1tio and Maintenance

After the boreholes in a spent fuel drift have been filled to
capacity, the drift may be isolated from the main stream airflow.
Initially each emplacement drift shall be inspected on an annual
basis After repository performance experience is gained, the
inspection schedule may be modified. Prior to inspection, the
emplacement drift in both emplacement configurations shall be
ventilated with a minimum velocity of 60 ftWin for at least 24
howus. (To clear any natural lasses which may be encountemr-
urdergroundr (ti'P5ec-r ow cArA - W5 Ic45 4 C4 ACP

7'30 VIA)

Prior to any major drift repair or maintence, the
emplacement drift shall be ventilated sufficiently to cool the
drift to allow safe crew activity for an undetermined lenoth of
tie. The envirnental criteria shall be an CP )A £ SW bo /01 Apo
a dry bulb temperature .4 C Prior to entry the emplacent
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drift shall be monitored for radioactivity. The ventilation and
cooling capacity shall be sufficient to cool two drifts
simultaneously for maintenance and repair.

Upon further study, the criteria given in this suction is
subject to change.

5Ie Retrieval

The waste emplacement ventilation system shall be flexible
enough to ascmwodate two categories of waste retrieval. 9hould
the retrieval of a single, predetermined canister be required to
support performance assessment, a single replacement drift shall
be cooled sufficiently to allow safe entry. This type of
retrieval shall be proceeded by a two month's advance notice
(subject to change).

Should the removal of all the enplaced waste be required, all
ventilation (including development air) could be dedicated to
support waste retwieval. The retrieval rate shall wot exceed ten
canisters per day (subject to change).
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VentilatioSystems Nodelled

In order to support the SCP/CDR the airflows expected for
both the vertical and horizontal emplacement methods, as well as,
estimates of, the size of vertical drifts is required. To this
end it was decided that the initial ventilation modelling of each
emplacement mode would be performed at ' two moents in tie
when both development and waste emplacement uentilation systems
are operational.

From these models the maximum airflows and fan duties could
be estimated over the projected life of the repository.

The ventilation systems modelled are extensions of earlier work
involving a two-phase repository plan. Since this work, however,
added parameters, such as D*LI, WUHL, dedicated performance and
training areas make incorporating the early work sift impossible.
Therefore, new ventilation estimates are needed to determine airflow
direction and quantity.

The ventilation systems selected for modelling were chosen in
order to give a suibstantial area there waste is emplaced and yet
development work is in progress, as well as, emplacement
operaticus

_s~~~~~~~~~~te tA t -P

or this analysis lt is assumed that mining of th panels is
from the main airways to the perimeter airway and that waste
emplacement is exactly the inverse of this.

C-14
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rarch Resistance Calculations - Def ined

As *entioned in the istroduction4 once a schematic is drawn
for a given repository plan a resistance to airflow is calculated
for each branch on the schematic. To calculate airflow
resistance the following equation is employed:

52A 1s

IP.U.-Practical Unit) (.1.)

where I t resistance IP.UL)
3

Quair density lbft ) -
2 4 10

k * friction factor Ulbf min /ft t10 )
L length of branch Ift-

L 'equivalent length of airflow shock loss (ft)
El

per = perimeter of airway Ift)
2

A a cross-sectional are of airway (ft )

RS = standard air density (0.075 lb/ft I

For this analysis the resistance calculated for each branch
is determined in a sequence of steps. First it is assumed that
the air density is standard density, hence, the ,I's cancel each
other in equation (.1.). Secand, the resistance per linear foot
is calculated fros:

A a k(ll Per (P.U.Ift) (.LI

3
s2a

The friction factor for each branch is estimated from
empirical tables ihile the perimeter and cross-sectional area *e
determined from typical cross-sections of each iray. Typical
friction factors are given on the adxt paR

To determine the equivalent length CL I for each branch the
E-

following equation is euployeds

L 4
ED

Ift) 1.. 1ff

4 Atkinso=s Equation: IVartu, 1932
ff Nc1lrcy, 1935 C-15
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Typical Friction Factors I

llbf hinA2/ftA441010) (kg/lm3)

Rectangular Airways

Smooth Concrete 20 0.003J

Girders on Brick or Concrete Walls 50 0.0093

Unlined Airways with Uniform Sides 65 0.0121

Unlined Airways with Irregular Conditions 5 0.015B

Girders on Timber Props 100 0.0186

Steel Concrete Lined

Smooth Concrete Lined 20 0.0037

Bricked Between Arches All Round 30 0.0056

Concrete Slabs or Timber Laggin 40 0.0074

Lagged Behind Arches in Good Condition 60 0.0111

Rough Conditions with Irregular Rood,
Sides and Floor 85 0.0158

Shafts

Smooth Lined Unobstructedc Shaft 16 0.0030

Brick Lined Unobstructed Shaft 20 0.0037

Brick Lined Shaft vith Rope Gaides and
Mater or Air Ranges 40 0.0074

Tubbing Lined Shaft with No 6bides or Cages 75 0.0139

Brick Lined Shaft with Tvo Sets of Side
Buntons 95 0.0176

Timber Lined Shaft with a Niddle Line of
Buntons 120 0.0223

eMtPherso, LI., 'The Metrication and Rationalizatiom of Nine
Yentilation Calculations The Nining Engineer,
August 1971.
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where x t number of Ms Idivensionless)
HO c hydraulic mean diameter (ft)

The HlO is calalated from:

NO a 4I/perE (ft) L.4.)

The sauber of HMDs ft) is a design parameter that is Aed to
account for airflow direction changes and obstructions. That is
at any lcoation where additional air turbulence may be
encountered. The values for x employed in this analysis were
determined frou the following empirical table. (next page)

Therefore, once the resistance per linear foot (P.iWft) and
equivalent length (ft) for each branch is determined the
resitance for each branch can easily be calculated by measuring
the actual airway length and multiplying the total length by the
resistance per linear foot.

It is noted that for this analysis the practical unit lPlL}
is employed as the resistance unit. The practical unit is
Silplys

t .AL - I mdlli-inch water pauge/lone thousand tf.)

1W t
This allows the square 1Y* (p=M ) to be applied without

additional constraints.

Parallel Oranch Rsitance -Calculations - _eied

If a branch represents a set of parallel Airways the following
equation is employed:

4kEblry, G.E. 'ISM
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&,blect J neters * I Date

Type No. of HFUDs
(Dimensionless)

Acute Round Bend
Acute Sharp Bend
Riot Angle Bend, Sharp
Right Angle Bend, Round
Obtuse Sharp Bend
Obtuse Round Bend
Discharge
Inlet
Abrupt Contraction (Ao/A

10.0.
30.0 -
20.0

15.0 '
.0.-

14.0 /
4.6

li)"**

Abrupt Expansion

Obstruction

0.75
0.50
0.25

MAo/Mi) f"
0.'a
0.50
0.25

(Rob/A) MI
0.20
0. A0

1.2 -

La-
4.3 ,

1.2 -

2.8.
4.3 .

20.5
41.0-

* 11w number of hydraulic mean diameters is calulated from the
3

following, assuming standard density of air to be 0.75 lbIft , the
general equation ist

Le z X 3235 (ftWr X I shock los factor (dimension)

A: 10
k a frict. factor lfbein x10a

H
4

ft

For a sharp bend x 1.4ff
2 10

assuing x 6D lbuin i 10
4

ft

ISa la (809) 2 IL9w 20

34 60

Le a x a 2D Ms
1* Hartman, 1982
*fl fcElroyt, 1935

f AfDluter Area,1is Iner Area, Aobibstruction Area, AAirmay

The values repesented in the previous table ar estimated for
isolated airways on than 70 HDs between obstructions or bends If
obstructions or bends re closer thau 40 lifs then the mcber ofC-18
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hydraulic mean diameters is less than the sum of the two x's. This is **1*t \
due to interference of the turbulent wake downstrean from the first - T )
obstruction or bend. Engineering judgement is used to determine shock
loss factors in this situation.

I U I 4 I + ... + 1 (P.U.) (.5.) OA - .. ,, . % .1Vt -

R 1o 2R ' .
T 1 2

C-*A4k21. A-TWO
A

Where R U Total equivalent resistance of parallel branches
T

(P. 3)
R a Resistance of first airway 1P.UL)

I
R U Resistance of second airway (P..l)
2
R a Resistance of third airway (P.UA)
N

If each parallel branch resistance is the same, equation (.5.) may
be simplified to:

AU R (P.1L.)

IWhem A U Resistance of each parallel airway lP.JL)

n U number of drifts in parallel

For example, doors in emplacement drifts have an estimated
resistance of 25 (P.UL). Therefore, equation (.6L) woeld be rewritten
as:

T ?
a

(P. IL)

The branch resistance calculation sheets (attached as an appendix)
show parallel resistance calculations by listing in the coment column
the followirg:

a in 11 UR
I

Hwe a U nuder of drifts in parallel
11 a parallel symol
l1 U resistance of each branch in parallel (P.UL)

Equation (.6L) is employed for this format.
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Lentilto rol Resistance Valvs

For this analysis the followin resistances were assumed for
various ventilation controls:

t Control t Resistance (P.1) I I
I ~ l _

:Single Door t 25. - t

I Double Door I 200. 1airlock):
I I I
I Sinkle Bulkhead go a 20O. a t

a Double Bulkhead ff t 400. I t

tBrattice Line a I.'

iTemporary Seal a 25. 1

II Bulkhead is defined as a yasonary *all built into a crown and
wall of the Airway.

* wallee-M I ce;Q

C-21



Parsons Brlnckerhoff Quads & Douglas, Inc.
Engineers * Architects * Planners

COMPUTATION SHEET

Page ? .G. .47of .7..
Job No... 3?M416..1..

LIII:
Mode by ....... -.....

Dote - lk
Checked by... ....... .....

Dote . :/!5 6subject --R KT~4 ALUA~J o.)?1AJ

10 REM VNET EQUIVALENT LENGTH AND RESISTANCE CALCULATION PROGRAM VERTICAL
20 CLEAR:SCEEN O:COLOR 0,7,14:CLS
30 DIN AI(11),B1(11)
40 KEY OFF
50 FOR :l1 TO 11
60 RED AD (1)
70 NEXT I
80 DATA 1.62,1.12,1.55,1.86,1.57,3.32, 1.549.79,6.06, 11.0O,3.21
90 FOR Ist TO 11
100 READ DI 1I)
110 NEXT I
120 DATA 18.03,22.,1L60, 17.18,21.66,17.68,21.6,11.68,15.3,14.30,18.02
130 LOCATE 4,10:PRINT 'VERTICAL ENPLUCEEENT VENTILATION CALCULATION PROGRMI
135 LOCATE 8,10:PRINT *Enter reference letter ';

140 AS=INKEYS:1F A$W" THEN 140 ELSE PRINT AS
150 IF ASa OR a$- THEN JaI:PS=iaste Ramp':EQTO 270
160 IF AS=bw OR A$SOD THEN J-2:PSWUaste Nain':SOTO 270
170 IF WV3 c OR ASWVC THEN Jx3:P$PTuff Ramp':G0T 270
180 IF WSVd OR WV=D THEN J4aP$PTuff Main Yith Belt':OOT 270
190 IF WSe OR WS=E THEN J4:PS=Tuff Main Uithout Belt':6070 270
200 IF RS=Of' OR A$=FO THEN J1=:PtService Raint:GaTO 270
210 IF A'g OR A'6'
220 IF AS2zh" OR ASm*H*
230 IF AS'i' OR A$s-I'
240 IF AS='j OR A*Jr
250 IF RSkI OR WV='K
260 CLS:EQT0 130
270 COLOR 0,7,J
280 LOCATE 10, 103PRINT
290 IF L0 TIEN LO(TE 1
30O LOCATE 12,10:I1NPUT
310 EOL=BI(J)*X
320 LOCATE 14, 10:PRINT
330 PRINT ' ft.
340 TL-BI IJ1 X+L
350 LOCATE 16, 10:PRINT
360 PRINT 2 ft.'

THEN J=7:P5$Periueter Drift ':6T0 270
THEN J=8:PS"Parul Access Drift Nith BeltasOTO 270
THEN JM9:PWPanel Access Drift iithout Belt':60TO 270
THEN JaM0:PS'Exhaust or Nidpanel Drift:8OTO 270
THEN Jall:PS='Emplaceent Drift':O0TO 270

'Enter length of
L0,34:PRINT '
'Enter number of

O;PS;"m (ft) Opsl11fT *fiL
*:6OTO 270

hydraulic man diameters *,X

*Equivalent length = *;:PRINT USING t#t#.tV;EDL;

'Total length = *;:PRINT USING '#ft#.ft;1TL;

370 RzA1(J)*. 000001 (L)
380 LOCATE 1,6 10PRINT 04iray resistance z ;:PRINT USING *##. #t#;R;
390 PRINT * P.U.
400 LOCATE 20,10:PRINT 'Press any key to continue..OR '9' TO QUIT'
410 CS=INMEY$iIF CS=' IE 410 ELSE MS
420 IF C$-2= OR Ctsql THUN END ELSE 130
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ventilation Airflow iElac

Using the criteria given in the assumptions section, airflov
requirements are determined for strategic areas within the facility.
The following pages show the airflow requirements based on a governing
ventilation criteria for the vertical emplacement mode.
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keelopment Ventilation Syte.
Cross-

Personnel Governing Sectional Required
in Area Criteria Area Airflows

Miniouu Required
Airflows/Area IdS)area Equipment

Spent Fuel
Vaste EUplacesenti

Development
Six Drifts 2 LHD's (277 bhp) 2Z

2 Jumbos (electric)
2 Bolters WelectricO

125cfalbhp
60 ft/in
60 ftlWin

.26s•
Wt2

305fM2

IS,250 -

;ooo00 ,-

100,000 #*

Maste Kain
Perimeter Drift

kcess Drifts
Developwent
and Tiff Nains

Shop

Drillinqffinialti

Tom 5 t2,0 CFAVr& 4lpov *412,000/

1 ID 27? Mbhp)
I Jobo or

oloter (electric

See Attachment

Drill (electric)
Liner (electric)

13 12Scf/thp 34,2.5 -

6oft/sin 305ft2 is,00o '-

50,000 O

85,000 /

4 SOft/Si 05ft2 18,000 ' 209000
4 lOft/Nin 306ft2 18000 I 20,000-

2* V'\t vewv 1\^

~F* h-%XSAM~ cr~~~ AV-t e-0w.%\Q\ ovt bv%%%
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VastL~ojlcemnt Venti lsit i te

6overnin3 Minimum Airflow
Personnel Criteria Requirements kefh)Area Equipnent

Ramp

Rain

ocess
Drift

Waste Emplacement
Transporter (360 bhp)

Waste Emplacement
Transporter (360 bhp)

Waste Eeplacement
Transporter 1360 bhp)

2 125 cfm/bhp 45,000 -

2 125 cfs/bhp 45,000 /

2 125 cfr/bhp 45,000 -

Emplacement Waste Emplacement
Drift Transporter (360 bhp) 2 125 cfxlbhp 45,000 /

Shop See Attachment 30,000 -

Decontauinatic
Facility See Attachment 25,000 -

Dedicated Per-
foreance Area unknw unknow unknowm 2,000 -

Training Waste Emplacement
Area Transporter (360 bhp) 5 125 efm/bhp 45,000 '

Panel none Cooling A 0001kl

Id n i t wa s i iu- i f- j u ~ L e p r l tt - u ~ u n i c s

rw o~A0 rifte-TtV\ " r-M-0
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Kain Shop Airflow Requirements (AMSRERA)

Area Length Uidth Equipment
(ft) (ft)

Criteria Requirements Total System

mp
Access

Access (To
Airlock
Shop lays
Shop Entry

Refueling Day
Tires

Machine Shop
Hydraulic Shop
Drill Shop
Lobe
Wash lays

Electrical
Battery
Electrical Bob
Skiuer and
Entry
Welding
Training/6ear
laint. Office

Warehouse
Parts, etc.

Office

365 25
I l Ohp LI

40(140

40
40
40
40
40
40
(40

24
20) 16
25)

I z 190hp LN
20
20
20
20
20
20
20) x 2

1 1 90hp LND

2.5 cfaJft2
125 cfolbhp

2.5 cfaeft2
3.0 cfs/ft2

125 cfulbhp
2.5 cfaift2
2.5 cfatft2
2.5 cfa/ft2
2.5 rhuft2
2.5 cfutft2
2.5 cf/ft2
L5 cfhtft2

125 cfItbhp
10 AMhr
10 fAChr
10 PC/hr

40 i 20 I 15
40 * 20 K 15
40 E20D 15

23,750 -

5,000-
27, 9OO-

23,750-
2,000'
2,000,
2,000'
2,00D
2,000
2,000-
4,9000

23,750-
2,000/
2,000
2,000

61500 -

2,440

21880

10,50O
10,000

8,500

960

K.L

O..

51,650

Q.K.
O.K.

QK.

23,750
U.K.

L.L
IlL

O.K.

Q.K.L.LO.K.

10,000
O.K.
LLK

170 x 20
40 x 20
40 i 20
40 a 20

£5 cfalft2
3 cfa/ft2

1.2 cfulfte

210
440
170

20
8D) u 5
20

£5 cfu/ft2
2.5 cfu/ft2
£5 cfalft2

40 t0 1.2 cfulft2

85,400
Allow 85,000

1Shop layouts taken from P30D plans.
LK.-in swries-o additional ventilation vMqrl.d
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vent 130
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20
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1l50hp) Tan~k Truck
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18,750-
O.K
O.KR.

water Storage
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10
15

25
20

Decon. Roos 110 20 I .2cfuft2 2,560

First Aid
Dffice
Red Check
Shower
Nonitoring
Hot/Change Room

Change oom

Wasttftin-
Security
Security-
Sign-in
Rad Check Room

15
15

15

10

15

15
5

10
10
10
5

10
S

1. 2cf./ft2
1. 2cfa/ft2
1. 2cti/Mt
1.2cfalft2
1.2cfu/ft2
1.2cf./fte

180 -
180ao
180
go.-

120D
90 '

2,510-

D.KL
O.K.
OK.
OK.

ILK.

ILL

10
15

1.2cfu/ft2

20 25 1.2cfm/ft2 600

27,890 K
Allow 25,000

see next page
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200 20
1 UHD (l90hp)

Refueling
Wash Say
Bay I
Bay 2
PMiLube
Skimmer
Hydraulic

Wlelding

Office

Marehouse
Access
Pipe Shop
General
Marehouse

Office

40
40
40
40
40
25
40

20
20
20
to

_20
20
20

2.Mcf/ff2
l2Sw tft2
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L5cfaIft2
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2. 5cfmft2
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40 10
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QK.
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Ql.K
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O.K

LLK
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60
40

20
20

160 20

20 10

2.Scfulft2 8,000'

1.2cfalfM2 240-

31,750
Allow 30,000 ,

* Should the waste transporter be required to enter either the decontamination facility
or the shop area, the regulator between the exhaust drift and these facilities can be
opened to allow the required airflow. The airflow requirements are based on layouts
from PFMID Plans
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Fan No. Fra To Operatin Pressure
iLn.a..

No. Characteristic Pts.

0
0

1
2

7B
4

79
3 4.000

Branch Data:

Branch From To Resistance Pressure on Rirflow
P.U. a-. in.mg. kcfu

1
2
3
4
5
6
7
a
9

10
11
12
13
14
15
16
17
1t
19
2o
21
22
23
24
25

27
28
29
30
31

1
102

2
2

78
78
60
59
27
27
4
3
4
4
S
6
7
t
9

10
11
12
U.

14
.15
16
17
Is
19
t0
U1

102
106
107

I
79

59
I

28
1
3
1

183
5
6
7

I
10
11
12
t3
.14
15
16
17
it
*9
t0
£1
22

0.3047-'
0.0000-
0.0089V
0.0000-
0.0271-
0.0000'
0. 0197-
0.100
0.006 9 !
0.0000 -.
0.0008 -
0.0013'

,0.0002/'

0.0010.-
.0.00013 -- euA , snov.C be
0.00211/

0..0010o1
200.0001 '

0.COl'
5.0000'
0.0002'-'
0.0011'/

0.0001'
0.0010'

C-111



32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
2
53
54
55
56
57
58
59
60
61
62
63
64
A5
66
67
68
59
70
71
72
73
74
75
76
77
78
79

61
82
63
84

86
87

22 23
23 24
24 25
25 26
25 58
28 29
29 30
30 31
31 32
32 33
33 34
34 35
35 36
36 37
37 38
38 39
39 40
40 41
41 42
42 43
43 44
44 45
45 46
46 47
47 48
48 49
49 50
50 51
51 52
52 53
53 54
54 55
55 56
56 57
59 57
61 29
52 30
63 32
64 38
66 U9
68 .45
48 70
51 72
54 74
56 76
77 58
60 61
61 62
62 63
63 196

196 64
64 288
65 66
66 67
67 68
68 69

0.0010 '
0.0001'
0.0018 -
0.0012-
0.'009-
0.0005-v
0.0001 -
0.0001 -
0.0001-
0.0002-
0.0002 -
0.0002 '
0.0004
0.0004-
0.0003 r
0.0001 -

0.0007-
0.0007 -
0.0001 -

0.0007 -
0.0007 -

0. 01-
0.0007'
0.0o007w
o00.0000-o
0.0009-
0.0007
0.0001 -

0.0009 -
0. o009 .
0.0003 -

0.0007 -
0.0009 ,

M 000 -
O.00D6 -

25.0000-
200.0000

25000PD O
200.0000
200.0000-
200.0000 -

0.0009 -
0.0012 c
0.0011 -

0.0011,
0.0001 -

0.0008 -

0.0006 -

0.003 -.

0.0011 -
0.0011'-
0.0014-,
0. 0 0 0 2 ,

0.0012-
0.0014
0.0012 -

,oq OF r -7

51.00 - Fixed



B8
69
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
l1e
119
120
121
122
123
124
125
126
127

128

130
131
132
133
134
135
136
137
138
139
140
141
142
143

69 70
70 71
71 72
72 73
73 74
74 75
75 76
76 77
79 60
79 61
80 62
81 63

197 196
62 64
65 65
66 66
67 67
e9 68
90 69
92 70
93 71
95 72
96 73
98 74
99 75

100 76
101 77
79 198

198 s0
60 e1
fi 197

197 62
62 63
63. 64
84 65
65 86
66 67
87 8

69 90
90 91
91 92
92 93
93 94
94 95
95 96
96 97
97 98
% 99
g9 100

100 199
t99 101
ea 114

114 132
132 147
147 161

0.0015 -
0.0012 -

0.0015 -
0.0012 -
0.0016 -

0.0012 -
0.0014

200.0000 -
0. 010e0

25.0000 '
200 0000-

25.0000 -
50.OOOD,

200.0000'
200.0000 -
200.0000 i
200.0000.-
200.0000'
200.0000-
200.0000 '
200. 0000-
20000000
200.0000
200.0000
200.0000'
200.0000'

0.0004S'
0.0018 -
0.0003 -
0.0006-
0.0017 -

0.0023
0.0003 -
0.0021 '-

O. . .0.0021-
0.0003

0.0022-
0.0003-
0.0022-

0.0003-
0.0022-
0.0022'
0.0003-
0.0022t
0.0022-

=0.0003-

0.0022

0.0021c

25.0000-

O.OOMI

0.0013-
0.0003-

.0.0003.

los- 4o 1,31

50.OD - Fiiwd

C-113



144
145
146
147
148
149
150
151
152
153
154
15S

157
158
159
ISO
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
17
178
173
180
lal
182
183
184
185
186
187
18
189
190
191
192
193
194
195
196
197
190
199

174
17S
183
29

103
104
117
116
115
33
34

104
118
119
120
106
106
107
118
105
119
106
120
107
105
133
31

148
32

134
149
135
162
38

108
121
136
'176

39
163
*40
164
41

165
42

122
137
150
166
177
184
189
192
U

123

174
175
1J3

115
llS116
117
116
115
114
103
104
103
119
120
121
105
107
108
105
35

106
36

107
37

104
148
133
174
134
149
175
162
183
108
121
136
176

5
163

6
164

7
165

1222
137
.150
166
177
184

19
9

123
138

0.0007 -
0.0002-
0.0010'
0.0012 -
0.0010-
0.0010.-'
0.0010w-
0.0032 -

0.0074'
0.0054.

25. 0000'
25.0000'
0. 0016C
0.0044/
0. 0024,-

25.0000f
0.0052 *
0.0032f

2S.0021-
0.0035 -
0. 0022p
0.0029
0.0030'w

0.0020,

0.0022'
0.0016
O.O Slre
0.003e

2L5.0'
25.0,000
0.0051

25. 0000
0.0092'
0.0102'
0.0010-
0.0009/'

25.0000<
0.0067 -
0.W0067

2a.00400
0.0068'

200.0000 '
0.0178 -

25. oooo
.009 -

0.0025 '
0.0026-
0.0026
0. 0026
0.0030"
O.0036'
0.0022
0.0009'

2i.0000)
200.0000

0.004V7

,O6 or I47

70.00 - Fixed
25.00 - Fixed
30.00 - Fixed

15.00' Fixed



Lmo
201
202
20
204
205
206
207
208

21Q
211
212

:2t3
214
215

UA7

tls

221

222
223

E25
226
227
228
229
230
231
232
233

236

237

as0

P.1

2U2
2U3

245
246
.247
2UB

:249
-250
251
Z22
253
25A
255

138 151
151 167
167 17J
178 as
11 I90,
190 193
193 !0
44 124

124 139
139 152
152 .168
168 I?9
179 186
1a6 191
t91 194
194 Ist

S5 1S3
153 It
46 154

154 13
47 1$5

155 14

10s m
125 140
140 156
1SE 169
165 Igo
t&0 187
127 15
49 110

110 its
12E 141
t41 1S7
157 170
170 181
tlX 1E4
lea 16

127 142
142 15a
tS6 171
171 182
1t2 17.

S51 lit
tt2 128

1 143
143 19g
159 172
i72 1t
52 .113

in l2g
129 144-
144 160
16C 173

0.0047 -,

O.OO4J t

0.006S '

0.0023-
0.0011-
O. O005 -

0.0026-
0.0026
0,0026,
-0.0030,
O. 0035-

0.00093
E5. ODOO -

25.0000 f
0.0098/

200.0000/
0.0166

25.00x
0. 0084
M 0000_
4. 009,
0.0017-1
0.00,30
0.0030-
O. 0034 -
0.0013.-
0.0018 ,

0. 0020
0.0031
0.0055-
0.0055t

0.0021""
0.0007-

0.0009 ,'
0.0017'

0.0030,-
0.0022-
O.O009 -
o.0.003 OF
0.0017-
0.0017,-
0.0006
QO0030-

15.0000,
25.0000o-
0.0015 r

. 0.0031 -
Ooow4&-
0. 0055

I 077 -f O >-

C-115



25t
25,7

259
260
261
262
263

265

266

269
270
VI1
272
Z7
274
27
276
277
en8
zn
20
281
282
293
284
285
2Bt
287

2B9

291

292
293
294
295
2g6
297

2g9

300
301
3G2
303
304
305
306
307
303

310
311

173 19
S3 to

146 20

56 130
57 131

132 133
147 14U
133 134
14U 149
134 135
135 136
149 162
176 162
136 163
176 163
163 164
165 164
t6S 122
163 166
165 1B9
122 123
124 -123
137 13J
139 13B
150 151
152 151
166 167
168 lt7
177 171
179 179
1U4 Las
186 1B5
189 19O
191 190
192 193
194 193
124 153
16u 153
191 153
t53 1S4
155 154
15S 125
1$5 156
1fi5 1JQ
log ItO
ill 114
125 in6
1Z7 126
140 "11
14k. 141
15t 157
ISB 157
169 170
171 170

MOM02 --

0.00476-

0.0052',

0.0030e-
Z5.0019 "
0.69441-,

200.o000O,
2DO.0000"

25 0000,-
0.3925,
0.2084-o

200.0000.
22.2222
0.058M
0.053 -,

200.0000-
50. 0000
50.0OOL

L@ms
Lmst
Lma,

2.mg,

2. Ms
1. 5646'
1.5"6'6

1.5646tz
I.WA
0.0033-

0.0033,
20A.0000,
-50.4000,
SO. OOOD'
0.05B-
& 0714 ,

50.0000,

S0.4000.'

0.0023,
2L000.0
0.0023/

*.5625 #
L.ml -
2M mBI

103 °'' 1317

U.ODO - Fixed
M5.00- Fixed
410O - Fixed
U.OO - Fixed

C-116



312 180 :81 2.7778 m

3:3 182 181 2.7778 -
314 187 188 6.2500-
315 127 128 50.0000-
316 171 172 50.0000 -
317 112 113 0.0024 ,
318 128 129 0.0024 -
319 143 144 2.7776r
320 159 160 2.778.-
321 172 173 1.5625,
322 145 146 0.0001 -
323 131 130 0.0009 -

324 288 65 0.0012,
325 84 288 200.0000,

/07 O %Si7

lace OUTPUT DATA *#**

Annual costs are based on electricity charges of 4.0 cents per kWhr and fan efficiencies of 70.0%
Cost given for in MVP represents money saved by natural ventilation

1*' FAN OPERATING POINTS Itn
Fan No. From To Pressure Quantity Air Power Op.Cost

in"w.g. kcfh hp W/year

1
2

76 79 12.000
4 3 4.000

46M514 879.53 328,292
528.97 333.41 124,449

*1' BRANCH RESULTS MII
Branch From To

1
2
3
4
5

.6
7
a
9

10
11

12
13
14
15
1S
17
18
19
20

1 102
102 106

2 107
2 1

78 79
78 1
60 59
59 1
27 28
27 1
4 3

3 A
4 183
4 5
5 6
6 7
7 6
a 9
9 10

10 11

Press.Dp Airflov
L inL. kNfW

297 22544
297 225.44
603 44.51
O -4.51

1936 45.14
0 -465.14

3871 378.02
0 378.02

582 171.90
O -171.90

1944 528.97

O 52.97
-64 28.
-79 -248.5
-20 -365.32

-107 -320.61
-104 -315. 49
-152 -342.01
-139 -337.70

-3 *-S. 17

Resist. AP Loss
P.ll hp

0.0059 10.6
0.0059 10.6
0.3047 4.2
LOW .0.
0.0089 4l1.i
0.0000 - 0.0
0.0271 230.6
0.0000 0.0
0.0197 15.6
0.0000 0.0
0.0069 16M.

0L000 0.0.
0.0008 U8
1.0013 L I
0.0002 te
0.010 :.4
L0010 5.2

0.0012 7.4
0.0010 0.0

op. Cost
W/year

3,938.1
3,938.1
1.578.7

Z,964.S
0.0

86,066.8
0.0

5,U8.4
0.0

60,482.3

.0
l1,54.1

-to 1e
21,156.

1,928.0
]m57.6
2t760.8

g.9

C-117 I



21 11 12

22 12 13
23 13 14
24 14 15
25 15 16
26 16 17
27 17 18
28 18 19
29 19 20
30 20 21
31 21 22

0 -52. 6

-1
-1

-6520
0

-.56
0

-6
-19
-5

-73

-3L 09
-30.55

-5.71
-26.17

-3.35
-76.68
-77.82

-133.25
-198.38
-267.07

0.0001 0.0

0.0011 I 0.0
0.0011 0.0

200.0001 5.9
0.0011 0.0
L50000 0.0
0.0002 0.0
0.0011 0.1
0.0011 0.4
0.0001 0.2
0.0010 3.1

0.0

32
33
34
35
36
37
38
39
40
41

42
43
44
45
46
47
48
49
50
51

52
53
54
55
56
57
53
59
60
61

62
63
64
65
66

67
68
69
70

22 23
23 24
24 25
25 26
26 58
29 29
29 30
30 31
31 32
32 33

33 34
34 35
35 36
3 37
37 38
33 39
39 40
40 41
41 42
42 43

4 44
44 45
45 46
46 47
4i 'U
48 49
49 50
50 51
51 52
52 53

53 54
54 55
55 5S
55 57
5s 57

6U 9
62 30
63 32
64 3B

-73
-9

-129
-82
-63
15
1
I

1

302
1
6

16
30
1o
69
68
9

16

16
0
0

:-jo
-5908

-,t
-10
-1
-9

-10

0
0
0

-21
460

4557
4628
465
4949

-267. 07
-267. 07
-267.07
-267.07
-267.07
164.61
106.11
112.92

97.92
104.20

103.61
103.13
122.41
202.90
316.07
316.88
309.76
307.41
301.23
151.00

149.75
0.71
1.14

-5.4
-159.70
-117.72
.11L 10
-107. 20
-107.39

-2. 32

-23.31
-0.93
51.10

13.50
4.81

13.66
4.57

0. 0010
0.0001
0.0018
0.0012
0.0009
0.0006
0.0001
0.0001
0.0001
0.0002

0.0002
0.0002
0.0004
0.0004
0.0003
0.0001
0.0007
0.0007
0.0001
0.0007

O. 0007
0.0001
0L0007
0.0001

200.0070
0.0009
0.0007
0.0001
0.0009
0.0009

0.00D03
0.0007
0.0009

25.0000

,2&0000

00.0000

25.0000
200.0000

3.1
0.4
5.4
3.5
2.7
0.4
0.0
0.0
0.0
0.0

0.0
0.0
0.1
0.5
1.5
0.5
3.4
3.3
0.4
0.4

0.4
0.0
0.0
0.0 -

0.6
0.2
0.0
0.2
0.2

0.0
0.0
0.0
9.0

9.7
3.
10.0
39

2.2
1.8

2, 189.6
0.0

11.0
0.0

27.5
148.9
57.8

1, 148.7

1,146.7
141.4

2,026.3
1,28B.1

989.6
145.2

6.4
6.6
0.0
61

12.2
6.1

43.2
190.9
557.7
186.4

1,257.1
1,229.5

159.5
142.1

140.9
0.0
0.0

1,888.1

£9.26g.9

56.3
63.2

0.0
0.0
0.0
1.2

1,319.8 -R*lIatoi Rnquired

3,619.0
1'3L.4
3,748.3
1,448.1

)10 o, 137

C-118



71 66 42 5367 5.1t 2m. 0000 4.4 1 635.

72
73
74
75
76
77
7B
79
B0
81

82
B3
e4
B5
86
87
89
89
90

91

68 45
48 70
S1 72
54 74
56 76
77 5B
60 61
fit 62
62 63
63 196

196 64
64 229
65 66
66 67
67 Gs
68 69
65 70
70 71
7i 72
72 73

S542
20
2
2
0

10

-B8
-69
-34

-115

-108
-133

-14

-114

-126
-112
-132

-24
-27

_g

5.31
155.06
45.91

49.73
27. 69

318.07
-32B.02
-325.90
-325.36
-324.08

-313.66
-313.93
-304.60
-305.56
-301.35
-302.71
-99. 01

-140.54
-137.33
-B8.4s

200.0000
0.0009
0.0012
0.0011
0.0011

O. OODI

0.0008
0.0007
0.0003
0.0011

0.0011
O. 0014
0.0002
0.0012
0.0014

0.0012
0.0015
0.0012
0.0015

0.0012

4.7
0.5
0.0
0.0
0.0
O.S
4.5
3.S
1.7
S.9

5.3
6.6
0.7
5.5
6.0
S.3
6.2
o.s
0.6
0.1

1 762.S
e82.4

S.9
0.0

IB7.1
1,697.E
11 322.6

650.6-
2 192.1

i§ o o -1'37

1 993.7
2, 455.7

251.0
2,048.8
2, 233.3
1,994.1
2,321.4

198.4
218.1I

92 73 74 -11 -85.?70 0.0016
93 74 75 -1 -33.48 0.0012
94 75 76 -I -31.24 0.0014
95 76 -77 -493 -1.57 200.0000
96* 79 _6 __ 619? _ 0.00 _ 2.4770

97
98
99

100

10;1

102
103
104
105

106
107
108

109
110

III

12
113
114

115
116
117
Ila
119

120

79 61
go 62
81 63

197 196
82 64

BS 65
86 U6
V7 67
B9 68
90 69
92 70

93 71
95 72
96 73
98 74

99 75
100 76

o01 n
79 198

ISO so
aoD a
Al 197

197 82
A2 63

6104
5709

ssa1
5227
4811

3972
3922
3538
3115,
746

233
2D60
1759
1512
1238

1007
779

43

93
M3

37
37

15.63
S.3i

14.9

10.22
4.90

4.46
.4.43

3.1

3.41
3.21l
2.97
L; 75

. 49

1.97
319.64
399.51

399.51
394. 17
379.23
369.00
364. 10

25.0000
200.0000
25.0000
50.0000

200.000

20. 0000
200.0000
EN.000X0
29000000

200.000C
200.0000
2o. 0000
200.0000
2C.0, 00o
2OO.0000

20Q.0000
200.0C00

0.0004

0.0018
O. 0003
0.0006
0.0017
0.0023
t.0003

0.1
0.0
Q0.
0.1

ae.

15.0

4.8
13.1
8.4
3.7

2.6
27
2.
1.9

1.6
1.3
1.0

O.t
0.7

Q.5

0.'4

0.2
L2.

17.6
La}
5.0
14.2
17.9
aL

2.0
1.6

45.6

lt, 209.S -Regulator Required j

5,610.0
1,794.1
4,904.7

3,143.4
1,387.8

1 041.1
1,021.5

975.2
723.1
59a.5
467.8
388.9
306.9
244.6
181.2

132.9

9D.5

A8. 4
6 57.4
1 t33.9
2,156.1
5,30WL
6,62.9

792 4

C-1 19



121 83 84 at1 36M 10 0.0021 lE61 N017.6

122
123
124
12S
12S
127
123
129
130
131

132
133
'134
13S
136
137
139
139
140
141

142
143
144
145
1S6
147
148'

t4 t5
85 86
86 87
t7 98
8B as
a9 90
9O 91
9l 92
92 93
93 94

94 955
95 96
9S 97
97 98
93 99
99 100

too 199
199 101
28 114

114 132

132 147
147 161l
161 174
174 175
175 183
133 5
29 115

273
35

269
2b
33

256
251
32

246
241

30
23
23
2g

229
226

23
213

1329
9

23
6

15
3

22
-15

1228

359. U
354.97
350.54
34L34
346.34
342.39
33J.69
338.69
335.27
332.06

332.*S
329.19
326.35
326; 35
323. B6
321.S1
319.64
319.64

7.29
132.29

131.71
143.96
143.96
145.91l
14.25

-1 16.940
70. 00

0.0021
0.0003
0.0022
CL0022
0.0003
0.0022
0.0022
0.0003
0.0022
0.0022

0.0003
O.OQ22
0.0022
Q.0003
0.00e2
0.0022
O.0003
0.021

25.0000
0.0005

0.0013
0.0003
0.0007
0.0002
O. 0010
0.0012
0.2Z507

S5.5
LO

14.9
14.3

1. a
13.B
13.4
1.7

13.0
12.6

1.6
M23
12.0
l.S

11.7
11.5

1.4
10.7
1.5
0.2

O.S
0.1
0.3
0.1
0.5
0.3

13.5

!,771.3
730.7

St 54& a
S, 337. 0

672.2
5ISs. 1R
5,000O

S7. 5
49,51.0
4,706.9

I112 °w 1137

s85.9
4,567.4
4, 472' 3

55.6.
4,362.0
4,275.0

WL6X
4,004.4

570.1
62.3

180.9
50.3

127.0
25.7

189.2
103.0

S,055.B -Reeulator Recuirec

149# 103 116 1191 25.00 1.9072 4.7 1,751.3 -Reaulator Recuinao

1500 104 1 17

151 117 116

119.0 30. o 1.3223 5.6 2,099.7 -Regulator Requirea

2 30.00 0.0032 0.0

152
153
154
1a5
1546
157
158
159
160
161

162
163
164
165
166
167
169

116 its
115 114

33 103
34 104

104 103
its 119
119 120
120 121
106 105
106 107

107 108
118 105
105 35
119 106
106 36
120 107
107 37

22

59

8

-2

5o9

27

5. 00
125.00

0.59
0.48

24.41
-25. B

21.07
1.54*

47. 45
50. 67

1.53
25.Ua
19.35

-46. 90

0. 42
19.52

113.17

0. 0073
O. 0054

2. 0000
25.0000
O. 0016
O. 004

0.0024
25.0000
0.0052
0.0032

25. 0021
0.0035
O.OOZ2
0.0029
0.0030
0.0020
0.0022

0.2
1.7
0.0
0.0
0.0
0.0
0.0

0.0
0.1
0.1

0.0
0.0
0.0

0.0
0.2
0.0
0.5

3.5

71.2
617.6

0.3
0.1

0.0

1.0
'.2
5.4

30.7
23.3

5. 2
3.0
0.0

16.6
89.9
0.0

179.7
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169 IOS 104
170 133 14U
171* 31 133

4
126

53.93
12.I99
lS.00

0.0016 0.0
0.0051 O.Q
S.6L373 3.0

12.7
0.0

11 18. 7 -Regulator Required 113 oF 13-1

172 148 174
173 32 134
174 134 149
175 149 175
176 135 162
177 162 183
17B 3B 100
179 108 121
Igo 121 136
181 136 176

gr
1363

0
2
a

2
0
0

1312
0

1.9S 25.0000 0.0
7.39 2& 0000 1.6
7.14 0.0051 0.0
0.34 25.0000 0.0
1.66 0.oo92 o.o

16.97 0.0102 0.0
4.17 0.0010 O.Q
5.70 0.0009 0.0
7.25 2S.000C 1.5
6.96 0.0067 0.0

10.9
S952.1

0.0
0.0
0.0

2.0
0.0
0.0

559.2
0.0

182 176 S Q 0.44 0.0067 0.0 0.0
1t3 39 163 1265 7.12 25.000C 1.4 529.4
184 163 fr--{- ,1 4___ .71 O. Om---AIb 44.7 l~~fS^voo
1ss 40 164 IIOS 2.35 200.0000 0.4 152.8
166 164 7 0 5.42 0.017B 0.0 t0.
187 41 165 941 6.14 25.0000 0Q9 339.6

les l65 e~~~- _-226.62_ 0.0098 0.0 _1.0 25_o,29 4% r °°
119 42 122 6-1 _-lMX .05 . S.
190 122 137 53 143.57 0.0026 1.2 4U7.5
191 137 150 47 134.79 0.0a26 1.0 372.6

192 lS0 1K6
193 166 177
194 177 184
195 194 189
196 189 192
197 192 9
l9B 43 123
199 123 138
200 138 l51
201 151 167

202 167 178
203 178 U85
m0 165 190
205 190 193
Me 193 10

207 44 124
20B 124 139
209 139 1S2
210 152 165
211 168 179

42 1l6.92
39 115.97
40 107.02
20 97.85

2 49.31
464 4.31
311 1.Z5

1 .20.31
6 37.34

13 52.S55

-23 65.S
5 U3.67

40 10l.S3
tS 191.53
ea 251.S2
56 149.04
49 IM. 14
44 129.90
39 1lZ.S5
37 1s3 OG

0.002 tl8

0.0030 0.7
0.0036 0.7
0.0022 0.3
0.0009 0.0

a LO0OO 0.3
203.0000 0.1

0.0047 0.0
0.tO47 O.0
0.0047 0.1

0. MA LE
0.0065 0.6
0.0040 0.6
0.0023 2.6
0.0311 Is9
0.0025 1.3
0.0026 1.1
0.0 .0.9
LOOM2 0.8
C0.030 0.7

313S5
266.0
251.6
115.1

5.6
117.6
22ef
1.2

-13.2
40.2

$9.7
221.5
23B.9
957.5

1,457.1
490.9
39L I
.336.2
281. 1
246.0

212 179 1E6 38 1OS.68 0.0035 0.6 E84.0
213 186 191 to 95.99 0.0022 0.3 112.9
214 191 194 2 B.'51 O.OOOB '0.0 Si57
215 194 11 308 ILS1 ami00 LE 63.7
216 J5 153 59% *.6e CBS00 O.S 170.4

217 153 12 2 U.57 0.0o9~~0. 0 .09 1.;_ 2#198t Doc<)
21B 4 15 U ISJ S; .... 2.. 0 0.2. 0.2 (A
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219 15S 13
220 47 155

_21 ISS 14

0
589

S

7.54
4.85

24.84

0.0166
2&L 0034

0.00B4

0.0
0.5
0.0

222 48 109
223 109 12
224 125 140
22 140 156
226 156 169
227 169 lB0
225 160 IN
229 187 15
230 49 Ito
231 110 126

232 t26 141
233 141 157
23* 157 170
235 170 181
236 l81 188
237 1B9 16
238 S0 ill
239 Ill 127
240 127 142
241 1U2 1SA

242 158 171
243 171 182
244 182 17
245 51 112
246 112 121
247 128 143
248 143 159
249 159 172
250 172 16
251 52 113

-15
0
0
0
0
0
0
0

-4
0

0
1
1
2
1
0
3
0

-5
-11

-12
-10
-4
-7
-1
0
0
0

-32
0

-0. 79
-0. 12

-10. 5
-1. 90

-1L2.2
-10. Ts
-2. 00
-20.46
-41.98
-13.68-

16.91
16. 77
l8.l6
20.26
23.36
22.82
0.38

-28.53
-59.34
-61.1S

-64.9gO
-69.14
-73.33
-5L 81
-30. 77
-10. *6

-a.81
-626

-1.14
0.19s

2!h 0000
0.0009
0.0017
0. 0030
0.0030

0.00134
0.0018

0.0027
0.0020

0.0031
0.0055
0.005S
0.0052
0.0021
0.0007

25.0004
0.0009
0.0017
0.0030

0.0030
LOW2
0. 0009
0.0023
0.0017
0.0017
0.0026
0. Om3

25.0004
25.0000

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
4.0
0.0
0.0
0.0
0.
0.
0.1

0.1
0.1
0.0
01
0.0
0.0
0.0
0.0
0.0
0.0

0.0
16A 1

7.3 2!S,00'38' kALDsoi 1 f 3
0.7
0.0
0.0
0.
0.0
0.
0.0
0.0

0.0

0.
1.0
1.1

1.4
o.o
0.1

17.4
38K6

1.8
0.0
Q0.
0.
L2
0.0

252 113 129 -1 -25.25 0.0015 0.0 1.5
253 129 144 -5 -4L46 fi 0003! C.0 :IL 5
254 14U 160 -to -U3.32 0.C006 0.1 2ML
255 160 1?3 -14 -50. 83 Ci0065 0.1 U.9
256 173 19 -6 -55.42 0.0022 0.1 19.6
257 53 145 -26 -75.08 0.0047 0.3 114.8

259 54 46 ~~-2S -EL 74 C.W06 0.2 89.9 c_95
260 1164i 21 -25 -70.69 802 0.1 103.9 tX? ?
261- S6 130 -11 -%X07 0. 007 0. a 4 21 - I

262 57 131
263 132 133
264 147 14U
265 133 134
266 148 149
267 134 135
268 135 136
269 149 162

-SO

-72

95

22
13
21

SD. 07
-1. {2

-10. Zi

0. 69
0.69
L.s

-0.7n.
7.48

0. 0030 0.1
2S.0019 L0
0.694$ 0.1

2CCMOOD Q0.
200.0000 W0.

2XLO30 4 .0
25.0000 0.0
0.3925 0.0

M£6
4.2

IL9
3.t

0.5
&Z2



270 176 162
271 136 163

272 176 163
273 163 164
274 165 164
275 165 122
276 165 166
277 165 189
278 122 123
279 124 123
M8 137 138

281 139 138

t2
-37

-37
_W

-t70
-727
-62

267
23B
214
18B

7.l2 0.20m 0.0
0.43 2DO.0000 O.D

5.5
0.9

015 OF (37
-1.30

-39. 32
42.39
4.09
-3.81
-3.54
S.11t
S.26s
1. J8
1.25

22.Z22
0.0588
O.Q53

200.NO00
50.0000
50.0000
2m8
2ms
2m6
2m8

0.0
0.6
0.6
0.3
0.4
0.3
0.4
0.3
0.3
0.2

LaE
208.1
Z39.4
106.0
163.1
130.0
154.0
129.6
110.6
91.2

282
263
2m
2B5
286
287
2m

289
m9

150 151
152 151
166 167
168 167
177 178
179 178
1U4 185
186 185
189 190

171
149
141
122
125
109
131
117
152

7. M
7.34
7.14
6.6S
8.95
8.38
9.17
8.6B

45.00

2.m6
2mY8
2.m6
2me7
1.S646
1.S646
1.5646
1.5646
0.0751

0.2
0.2
0.2
0.1
0.2
0.1'
-0.2
Q.2
1.1

291f 191 190

292t 192 193

2S3* 194 193

138 45.00 0.06B6 1.0

235 45.00 - 0.1163 1.7

22 U5.00 0. 109 1.6

294
295
296
297
Es8
mg

300
301

302
303
304
305
306
307
30B
309
310
311

312
313
314
31S
31S

124 153
168 153
191 153
153 154
1S5 154
155 125
1S5 156
IS5 ISO

109 110
Ill 110
125 126
127 126
140 141
142 141
156 157
lS 157
IS9 170
171 170

110 181

182 181
187 in
127 128
171 172

537

307
0

-6512
-6512
-613

-11

I
-11

2

-6o

-1

-13
t1

2.84
2.48

2. 73

-11.41

_L71

BB. 9t

-0.68
31.Z7
-1.15

1.9fi

3.75

-1.3

4.23

-0.52
Q0.SE

M0.0000
50.0000
50. 0000

'' 0.05BM

0.0714
50.0000

20.0000
50.000

25.0000

0.0023

I.S62
L S65
1.7775
& m77

2.77
L7778
6.250

SO.0000
SO.OOOO0

0.1
0.2
Q.1
0.
0.0

11.7
5s9

21.7

0.0
0.0
0.0
0.0
O.Q
0.0
0.0
0.0
0.0
0.

0..0

VA0

0.0
LO
0.0

79.1
64.3
S9.2
47.7

S3.?
?0.6
5.8

402.3 -eulator Required

365.2-Regulator Reuire

622.0 -Regulator Require

587.6 -Regulatr Reuire

S1.Q
67.6

44.0

4,371.1

1.7

0.4

1.0
Li
4.6
05
7.7

0.2P

0.4
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317
318
319
320
321

322
323
324
325

112
128
143
159
172

145
131
228
84

113
129
144
160
173

146
130
65

288

-1
-1
-7

-18
-32

0
2

-113
4359

-26.04
-20.82

-1. 65
-e.56
-4.55

-11.94
50.07

-309.26
4.67

0.0024
0.0024
2.7778
2.m7
1.5625

0.0001
0.0009
0.0012

200.0000

0.0
0.0
0.0
0.0
0.0

0.0
0.0
5.5
3.2

1.5
1.2
0.7
2.7
L6

11' OF 7-

0.0
5.9

2, 055.4
1,197.0

Number of Iterations 2 25

m4 RESiLRTODR AND
Bran~ch From

BOOSTER FAN LIST Ha1
To Regulator Resistance Required I P.U.)

66
96

148
149
150
171
290
291
292
293

58
79
29

103
104
31

189
191
192
194

57
60

115
116
117
133
190
190
193
193

0.1765
2.4760
0.2497
1.9062
1.3213

0.0718
0.0653
0.1130
0.1065

#**n NETWJORK EXERCISE COMPLETE 1*1*

We hope this ruvn has beni suc~cessful .... VIETPC
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I/?,'AL 7

I 1lA L 7

:ile Name; VTIFF1
Network Title; VERTICAL EKPLAMNENT-MMK0INGLIKG DUV
Xine Name: WWIS
Compainyt MAIA NATIONAL. LABS
Coomnents: PARSONS BRINCKERWIOF OM ~ .~A

10*f Data Sue,;lied By User *4

Z-Yb05 I 36?4A (CI
MMAMct UY' G~ XOG~VfS

vAJ;T;cf2E7?. I .

1-2 bO 1
Fan Data:

Fan No. Froi To Operating Pressure
in.w.g.

go. Chtaracteristic Pt*.

0
0

I
e

78
4

79
3

9.000
3.250

Branch Data:

Branch From To Resistance Pressure Do Airflow
P.U. S ilk.1. kefs

1 1 102 ~ .0059
2 102 106 0.0059
3 2 107 0.3047
4 2 1 0.0000

5 78 79 0.0089
6 78 1 0.0000
7 60 59 0.0271
a 59 1 0.0000
9 27 28 0.0197

10 27 1 0.0000
if 4 3 0.0069
12 3 1 0.0000
13 4 183 0.0008
14 4 5 0.0013
15 5 6 0.00D2
16 6 7 0.0010
17 7 8 0.0010
1t a 9 0.0013-'- IAC5IeAr"fCE :OL9 oCtO oO0f3
19 5 10 0.0012 -I)J5)dS11Ff'eA7rr tW#A
20 10 11 0.0010
21 11 12 0.0001
22 12 13 0.0011
23 13 14 0.0011
24 14 15 200.0001
25 15 16 0.0011
26 16 17 5.0000
27 17 18 0.0002
28 l 19 0.0011
29 19 20 0.0011
30 20 21 0.0001
31 21 22 0.0010
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32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
31
82
83
84
85
86
87

22 23
23 24
24 25
25 26
26 5a
28 29
29 30
30 31
31 32
32 33
33 34
34 35
35 36
36 37
37 38
38 39
39 40
40 41
41 42
42 43
43 44
44 45
45 46
46 47
47 48
48 49
49 50
50 51
51 52
52 53
53 54
54 55
55 56
56 57
58 57
61 29
62 30
63 32
64 33
66 42
68 45
48 70
51 72
54 74
56 76
77 58
60 61
61 62
62 63
63 196

196 64
64 288
65 66
66 67
67 68
68 69

0.0010
0.0001
0.0018
0.0012
0.0009
0.0006
0.0001
0.00O1
0.0001
0.0002
0.0002
0.0002
0.0004
0.0004
0.0003
0.0001
0.0007
0.0007
0.0001
0.0007
0.0007
0.0001
0.0007
0.0007

200.0000
0.0009
0.0007
O.0001
0.0009
0.0009
0.0003
0.0007
0.0009

25.0000
0.0006

200.0000
200.0000
200.0000

DO.0000
200.0000
200.0000

0.0009
0.0012
0.0011
0.0011
0.0001
0.0008
0.0006
0. 003
0.0011
0.0011
0.0014
0.0002
0.0012
0.0014
0.0012

I KIAL 7

121 oE 13 ?

51.00 - Fixed
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19
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

69 70
70 71
71 72
72 73
73 74
74 75
75 76
76 77
79 60
79 61
80 62
81 63

197 196
82 64
85 65
u6 66
87 67
89 68
90 69
92 70
93 71
95 72
96 73
98 74
99 75

100 76
101 77

79 198
198 s0
80 el
81 197

197 82
82 83
83 84
84 85
85 86
86 87
87 88
es 89
89 90
90 91
91 92
92 93
93 94
94 95
95 96
96 97
97 98
98 99
99 100

100 191
199 101
28 114

114 132
132 147
147 161

0.0015
0.0012
0.0015
0.0012
0. 0016
0.0012
0.0014

200.0000
0.0010

200.0000
200.0000
200.0000
50.0000

200.0000
200.0000
200.0000
200.0000
200.0000
200.0000
200.0000
200.0000
200.0000
200.0000
200.0000
200.0000
200.0000

0.0004
0.0018
0.0003
0.0006
0.0017
0.0023
0.0003
0.0021
0.0021
0.0003
0.0022
0.0022
0.0003
0.002
0.0022
0.0003
0.0022
0.0022
0.0003
0.0022
0.0022
0.0003
0.002
0.0022
0.0003
0.0021

25.0000
0.0005
0.0013
0.0003

TI/AL 7

J22 OF [37

85.00 - Fixed
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144
145
146
147
143
149
150
151
152
153
154
155
156
157
isa
159
150
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
let
182
183
184
185
186
137
188
189
190
191
192
193
194
1$5
196
197
198
199

161 174
174 175
175 183
183 5
29 115

103 116
104 117
117 116
116 115
115 114
33 103
34 104

104 103
118 119
119 120
120 121
106 105
106 107
107 108
1I1 105
105 35
119 106
106 36
120 107
107 37
105 104
133 148
31 133

148 174
32 134

134 149
149 175
135 162
162 183

38 108
108 121
121 136
136 176
176 5
39 163

163 6
40 164

164 7
41 165

165 8
42 122

122 137
137 150
150 166
166 177
177 184
184 189
189 192
192 9

43 123
123 138

0.0007
0.0002
0.0010
0.0012
0.0010
0.0010
0.0010
0.0032
0.0074
0.0054

25.0000
25.0000
0.0016
0.0044
0.0024

25.0000
0.0052
0.0032

25.0021
0.0035
0.0022
0.0029
0.0030
0.0020
0.0022
0.0016
0.0051
0.0039

25.0000
0.0039
0.0051

25.0000
0.0092
0.0102
0.0010
0.0009

25.0000
0.0057-

25.0057 -
0.0088

25.0083
200.0000

0.0178
25.0098
25.0000
0.0025-
0.0023 -
0.0027-
0.0030.-
0.0030 '
00030-
0.0019 ,
0.0008-

25.0000 -
2 0o000 /

0.0042.,

T7AIkA 7
70.00 - Fixed
25.00 - Fixed
30.00 - Fixed

123 OF v37

15.00 - Fixed

10.00 - Fixed

10.00 - Fixed

10.00 - Fixed

10.00 - Fixed
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I

200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

138 151
151 167
167 178
178 185
185 190
190 193
193 10
44 124

124 139
139 152
152 168
168 179
179 186
186 191
191 194
194 11
45 153

153 12
46 154

154 13
47 155

155 14
48 109

109 125
125 140
140 156
156 169
169 ISO
180 187
187 15
49 110

110 126
126 141
141 157
157 170
170 181
181 188
18 16
50 111

111 127
127 142
142 158
158 171
171 182
182 .17

51 112
112 128
128 143
143 159
159 172
172 IS
52 113

113 129
129 144
144 160
160 173

0.0049 '-

0.0055 A
0.0055 -
0.0055,.
0.0035/
0.0022,
0. 0024 i-'
0.0025.K
0.0023 <-

0.0027-
0.0030-
0.0030-
0.0030-
0.0019-
0.0008>

25.0000,
25. 0000
25.0098

200.0000
0.0166

25.0084
25.0084
25.0012
0.000s,
0.0015 -
0.0027-
0.0030 -
0.0030,
0.0027.,

25.0019 /
0.0027,
0. 0019-
0.0032.-
0.0049-
0.0055-
0.0055,
0.0046-
0.0003-

25.0O12-
0.00081r
0.0015,
0.0027,
0.0030 '
0.0030/
0.0009 /
0.0015/
0.0010/
0.0019/
0.0030/
0.0030 /

25.0026 '
25.0022 '
0.0014 /
0.0035/
0.0055 '
0.0055 X

TRIAL 7

129 or 737

C-135



256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
254
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311

173 19
53 145
20 145
54 146
21 146
55 130
57 131

132 133
147 143
133 134
148 149
134 135
135 136
149 162
176 162
121 163
176 163
163 164
165 164
165 122
165 166
165 189
122 123
124 123
137 138
139 138
150 151
152 151
166 167
168 167
177 178
179 178
184 185
186 185
189 190
191 190
192 193
194 193
124 153
168 153
191 153
153 154
155 154
155 125
15 156
155 180
109 110
111 110
125 126
127 126
140 141
142 141
156 157
158 157
169 170
171 170

0.0018
0.0047
0.0052
0.0076
0.0052
0.0041/
0.0026'

25.0019
0.5102 -

200.0000
200.0000

25.0000
25.0000
0.2500,-
0.1479 /

20.0000'

12.5000'
0.0472 t
0.0434-

5D.0000,
50.0000
50.0000
2m8
2.ma

2.7778
1.5625"/

1.5625,

1.5646
1.5646
1.5646
1.5646
0.0033
0.0033
0.0033
0.0033

50.OOOD,
50.0000
50. 0000

0.0472 -
0.0567,-

5D. 0DD
200.0000

5D.OOOO
25.0900

0.0023
25.0000
0.0023
L7m7
2.7778
1.5625
1.$25
1.5625.
1.5fi625

T 1AL 7
50.00 - Fixed

lzs- bE 137
50.00 - Fixed

45.00 - Fixed
45.00 - Fixed

5.00 - Fixed
45.00 - Fixed

20.00 - Fixed

20.00 - Fixed
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312 180 181
313 182 181
314 167 188
315 127 128
316 171 172
317 113 112
318 129 128
319 143 144
320 159 160
321 172 173
322 145 146
323 131 130
324 2B8 65
325 84 288

1.5625-'
1.5625-i

D. ODOOO
50.0000
0.0024
0.0024
1. 5625-v
1.5625k
1.5625
0.0001-
0.QOD9
0.0012

200.0000

T11AL. 7

12' eF 137

20.00 - Fixed
20.00 - Fixed

*1" OUTPUT DATA Mi,

Annual costs are based on electricity dcarges of 4.0 cents per kilhr and fan efficiencies of 70.0%
Cost given for an NYP represents roney saved by natural ventilation

*ii FAN OPERATING POINTS *
Fan No. From To Pri

il

I 78 79
2 4 3

assure Quantity Air Power Op. Cost
t.".26 WI cfh p S/year

L9000
1.250

411.79 583.99 217,979
481.25 246.46 91,992

*** BRANICH ESULTS 'H
Branch Froa To Press.Dp Airflow

*.in.xg. Wef
Resist. AP Loss Op. Cost

P.11 hp S/year

1
2
3
4
S
6
7
B
9

10
11

12
13
14
15
16
17
18
19
20

1 102
102 106

2 107
2 1

76 79
78 1
60 59
59 1
27 28
27 1
4 3

3 1
4 183
4 5
5 6
6 7
7 8
a 9
9 10

10 11

266 213.17
266 213.17
539 42.07

0 -4L07
1517 411.7S

0 -411.79
3299 349.02

0 349.02
525 163.24

0 -163.24
1609 481.25

0 481.Z5
-54 -25.24
-64 -24.00
-14 -315.76

-101 -311.17
-95 -301. 17

-115 -M7.53
-105 -293.98

-2 -49. 00

0.0059
0.0059
0.3047
0.0000
0.0089
0.0000
0.0271
0.0000
0.0197
0.0000
0.0069

0.0000
0.OO08
0.0013
0.0002
0.0010
0.0010
00013
0.0012
0.0010

as
8.9
eis3.6
0.0

98.4
0.0

181.4
0.0

13.5
0.0

122.0

0.0
2.2
2.3
0.7
5.0
4.5
5.4
4.9
0.0

3,335.1 -
3, 335 1
1,333.7

0.0
36,741.5

0.0
67,721.3

0.0
5,040.5

0.0
45,543.0

0.0
617.0
843.2
260.0

1,848.5
1,612.8
Z012.4
1,Q15.5

5.8
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El 11 12

22 la 13
2.3 13 14
24 14 15
2S 1S 16
26 16 17
27 17 19
23 la 19
29 i9 20
30 20 21
31 2t 22

O -4L 20

-2 -#SL 09
O -6.76

-5241 -lL la
0 -L2B

_39 ,2.53
0 -0.82

-4 -61. AS
-13 -1 IL 25
-3 -162.25

-46 -212.25

0.0301 0.0

0.0011 0.0
0.0011 D.O

200.0001 4.2
0.0011 0.0
10000 0.0
0.0002 0.0
0.0011 0.0
CL0011 0.2
0.0301 0.1
L 0010 1.S

0.0 -rAIA( 7
53
0.0

to,578.1
0.0
S.

0.0
14.5
8S.8
28.6

574.2

1,27 OF l3;

32 22 23
33 23 24
34 24 25
35 2S. 26
36 26 58
37 29 29
39 29 30
39 30 31
40 31 32
41 32 33

42 33 34
U3 34 35

44 35 36
S5 36 37
46 37 38
47 38 39
UB 39 40
49 40 41
50 41 42
Sl 42 43

52 U3 44
S3 44 45
54 U5 46
55 U6 n
56 47 J8
57 48 49
53 49 50
59 50 S1
60 51 S2
61 52 53

-46 i212.25
-6 -212P.25s

-81 -212.2Z5
-51 -212.25
-40 i212. Z5

14 1l 93
t 91.39
1 95. 83
O 80.93
0 75.29

1 74.17
0 74.33
4 5.99

12 171.57
23 272.82
7 273.45

49 263.45
49 26&205
6 253.36

12 129.26

12 121.32
O -0.55
0 0.23
O -1.17

-4810 4. 90
-15 -131. U
_7 -101.819

-1 -101. 33

-6 -97.26
_7 -87.27

O.3010 1.S
0.0001 0.2
O.OQ18 2.7
L00Q12 1.7
0.0009 1.3
LW0006 0.
0.000 LO
0.0001 0.0
0.0001 0.0
0.0002 0.0

0.0002 0.0
A0002 0.0
0.0004 0.1
L0034 063
O.COQ3 t.O
L; 0001 0.
0.0007 2.0
0.0007 2.0
0.0001 0.2
L 0007 0.2

O.00 06O 02
0.0001 0.0
L0007 L0.
O.OOD7 0.0

200.00001 3.7
06OO09 0.3
L 0007 0.1
LOO0I0 0.
0.0009 0.1
0Q00C9 0.1

574.2
74.9

1,011.2

499W3
129.3

0.0

0.0
22.t

121.1
369.1
112.6
759.3
755.2

91.2
91.2

90.6
0.0
0.
0.0

11,37.4
116.0
41.9
LO

30.8
AgE

62 53 54
63 S5 5S
6A 55 56
6S 56 57
66* 5B 57

O0 -31.07
O -E& 33
O - In

-19 -0. as
29 51.00

0.0007 0.0

- 0009 0.0
EL 000O .0
'd.113 P.

W0.0
0. 0

1.4

.878.9 -Regulator Required

67 SI 29
Ss 62 .30
t9 63 32,
70 64 3J

3897
3943
,39
4159

4.41
*.44

jh45
4.56

-20CL0000 P2
2MiOOOO La9
20D.0000 2.3
200.0000 3.0

t,011.8
looms,
1,039.6
I, ll5.S
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!

71 . 66 42 4.72' 200.0000 13 I,.Q1 T-PUA' 7
/2-s- o= i72

73
74
75
76

7B
75

83
Be

85

87

t9

91

93
94
95

97

99
100
101

102
103
104
105
106
107
108
109
110
111

112
113
114

115

116
its

120

68 45
4U 70
51 n2
54 74
56 76
77 58
60 61
61t 62
62 63
63 196

196 64
64 2B8
65 66
66 6?
67 6BS
68 69
69 70
70 71
71 72
7.2 73

73 74
74 75
75 76
76 77
79 60

79 61
so 62
8l 63

197 196
82 6M

as 65
Jf6 66
87 67
89 68
90 69
S2 70
93 71
95 72
96 73
98 74

99 75
too 76
10l 77
79 198

198 so
so el

81 197
197 82
62 83

13

l

6

45
22

-76

-71

-76
-84
-75

-16
-19

-6

-319

4124
3867
3783
r5U
3261

2692
2658

1392
1186
1017

671
515
30

29
so
13

210
25

4.81
IM 72
38.42
39.06
24.67

26125

-M93
i24.04

-M62
-6. 14
-eAB.63
-249.N0
246.23

-247.80

-11L 22
-l U. YS
-72.72

-70.47
-29. 37
-27. 54

45. OD

4.54
4.40

8.42
4.04

3.f5
LK6
3.?5

2.81
L 64

1.63

24. 51

322.25

317.85
313.5D
3010B
301.04

M0000o
o-oo00
0.0012
0.0011
0.0011
L QDI
0.0008
LD7
0 0003
0.0011

0.0011
0.0014
0.0002
0.0012
Q.0014
0.0012
0.0015
0.0012
0.0015
0.0012

0.0016
0,0012
O.0Q014

200.0O0D
0.StE9

200.0000
200.0000
200.0000
50.00

200.0000

200.0000
M.00000

200.0000
200 0000
200.Q0000
200.0000
20Q.0000
200.0000

M0.0000
EDO.0000

200.0000
200.0000

0.000O
L 0018
0.0003
0 0006

L0OQ17
0.0023
O. OW

LS
0.3
0.0
I0.0
0.0
0.2
M.

1.9
0.9

2.9
3.6
0.4
.0

3.3
P. 9

0.3
0.3
01

0.1
0.0
0.0
0.1

56. 0

30
2.7
2.6
4.7
2.1

1.6
1.5
1.3

1.1
0.9
0.7
0.6
0.5

0.3

0.2
0.1
1.3

9.2
1.5
30
L

'10.1
1.2

t,31i.e
96. I
P. 3

0.0
92.9

U85. 1

341.5
1, 180.3

X,067.4
11325.7

109.4
126.9

25.7

1.6
EL7

20,907.4 -egulator hequired

1, 101.5
1, 000.2

967.8
1, 754.9

774.6

5B1.0
570.0
488.2
403.2
333.4
260.5
BtiO
169.9
134.9
99.3

M23
U8.6

466.7
314U9.5

549.E
1, 121.7
3,005.5
3,768.2

427
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121 a3 t4 192 301.04 0.0021 9I1 39399.6 T/bAL 7
122
123
124
125
126
127
128
129
130
131

132
133
134
135
136
137
138
139
140
141

142
143
144
145
146
147
148*

84 85
85 86
86 87
87 88
88 89
89 90
90 91
91 92
92 93
93 94

94 95
95 96
96 97
97 98
98 99
99 100

100 199
199 101
28 114

114 132

132 147
147 161
161 174
174 175
175 183
183 5
29 115

187
24

184
179
22

175
171
21

168
165

21
162
159
20

157
155
19

146
979

8

23
6

15
3

23
-10
a80

297.20
293.53
289.88
286.42
286.42
283.17
280.12
280.12
277.31
274.68

274.68
272.24
269.98
269.98
267.95
266.11
264.51
264.51

6.26
131.26

132.90
146.16
146.16
148.27
151.85
-95.40
.70.00

0.0021
0.0003
0.0022
0.0022
0.0003
0.0022
0.0022
0.0003
0.0022
0.0022

0.0003
0.0022
0.0022
0.0003
0.0022
0.0022
0.0003
0.0021

25.0000
0.0005

0.0013
0.0003
0.0007
0.0002
0. 0010
0.0012
0.1797

1.1
B.4

1.0
7.8
7.5
0.9
7.3
7.1

0.9
6.9
6.8
0.9
6.6
6.5
0.8
6.1
1.0
0.2

0.5
0.1
0.3
0.1
0.5
0.1
9.7

3,268.8
414.3

3,137.2
3,015.5

370.6
2,914.6
2,817.4

346.0
2,740.2
2,6S5.5

J27 OF t

339.3
2,594.0
2,524.8

317.6
2,474.3
2,426.0

295.6
2,271.4

360.4
61.8

179.8
51.6

128.9
26.2

205.4
56.1

3,623.1 -Regulator Required

149* 103 116

150. 104 117

151 117 116

847 25.00

846 30. 00

2 30.00

i.3568 3.3 1,245.4 -Regulator Required

0.9401 4.0 1,492.5 -Regulatow Required

0.0032 0.0

152
153
154
155
156
157
158
159
160
161

162
163
164
165
166
167
168

116 113
115 114

33 103
34 104

104 103
118 119
119 120
120 121
106 105
106 107

107 108
1l1 105
105 35
119 106
106 36
120 107
107 37

22
84
6
4
0

-3
0

45
11
6

45
2
1

-5

0
22

55.00
125.00

0.52
0.43

24.48
-7.94

16.10
1.36

47.77
45.78

1.35
27.94
21.66

-44.04
75.58
14.75

101.25

0.0073
0L0054

25.0000
25.0000
0.0016
0.0044
0.0024

25.0000
0.0052
0.0032

25.0021
0.0035
0.0022
0.0029
0L0030
L0020
0.0022

0.2
1.7
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.0

0.0
0.0
0.0
0.0
0.2.
0.0
0.4

3.5

71.2
617.6

0.2
0.1
0.0
4.9
0.0
3.6

30.9
16.2

3.6
3.3
1.3

I.29
71.1
0.0

131.0
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169 105 104
170 133 141
171* 31 133

4 54.05
1 t4.36

903 15.00

0.0016
0.0051
4.0176

0.0
0.0
Li

12.7
0.8

796.7 -Regulator Required

TfIALt 7

/3o OF 137

172 148 174
173f 32 134

112
700

2.1I 25.0000 0.0
10.00 7.0071 1.1

14.0
411.7 -Regulator Required

174 134 149
175 149 175
176 135 162
1774 162 183

178 38 108
179 108 121
180 121 136
181 136 176

0
318

0
338

0
0

658
0

6.58
3.57
0.82

10.00

3.93
5.28
5.13
4.73

0.0051
25.0000
0.0092
3.3857

0.0010
0.0009

250000
0.0057

0.0
0.2
0.0
0.5

0.0
0.0
0.5
0.0

0.0
66.8
0.0

198.8 -Regulator Required

0.0
0.0

198.7
0.0

182 176 5
183I 39 163

332
441

3.64 25.0057 0.2
10.00 4.4164 0.7

71.2
259.4 -Regulator Required

164 163 6
185 40 164
1864 164 7

1i7 41 165
188 165 8
189 42 122
190 122 137
191 137 150

192 150 166
193 166 177
194 177 184
195 184 189
196 189 192
197 192 9
198 43 123
199 123 138
200 138 151
201 151 167

202 167 178
203 178 185
204 185 190
205 190 193
206 193 10
207 44 124
208 124 139
209 139 152
210 152 168
211 168 179

212 179 186
213 186 191
214 191 194

S26
392
424

341
331
44

235
37

37
32
29
17
1

315
177

0
3
9

14
19
14
52

141
40
32
34
35
30

28
17
1

4.59
1.40

10.00

3.69
3.64

133.82
124. 15
117.81

110.73
103.17
98.66
94.98
48.55
3.55
0.94

14.90
27.03
40.40

50.83
58.83
64.98

154.1B
244.18
128.97
119.64
113.85
107.56
100.58

97.09
94.63
47.80

25.088
200.0000

4.2487

25.0098
25.0000
0.0025
0.0023
0.0027

0.0030
0.0030
0.0030
0.0019
0.0008

25. ODOO
200.0000

C.00
0.0049
0.0055

0.0055
0.0055
0.0035

.0022
0.0023
0.0025
0.0023
0.0027
0L0031
0.0030

0.0030
0.0019
0.0008

0.4
0.1
0.7

0.2
0.2
0.9
0.7
0.7

0.6
0.5
0.5
0.3
0.0
0.2
0.0
0.0
0.0
0.1

0.1
0.2
0.1
1.3
5.4
0.8
0.6
0.6
0.6
0.5

0.4
0.3
0.0

1420
32.3

249.4 -Regulator Required

74.1
70.9

346.3
255.6
256.4

241.0
194.2
168.3
95.0
L9

65.8
9.8
0.0
4.8

21.4

41.9
65.7
53.5

474.0
2,031.6

303.4
2252
227.7
221.4
177.5

159.9
94.6
2.8
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215 194 11
216 45 153
217 153 12
218 46 154
219 154 13
220 47 155
221 155 14

222 48 109
223 109 125
224 125 140
225 140 156
226 156 169
227 169 180
228 180 187
229 187 15
230 49 110
231 110 126

232 126 141
233 141 157
234 157 170
235 170 181
236 131 188
237 188 16
238 50 111
239 111 127
240 127 142
241 142 158

242 158 171
243 171 182
244 182 17
245 51 112
246 112 128
247 128 143
248 143 159
249 153 172
250 172 18
251 52 113

252 113 129
253 129 144
254 144 160
255 160 173
256 173 19
257 53 145
258' 20 145

196
386
30

391
24

348
67

17
0
0
0
0
0
0

-33
-2
0

0
0
0
0
0
0

-6
0

--2
-5

-6
-8
-3
-4
-1
0
0
0

-26
0

0
-5

-1o
-11
-4

-14
23

2.80
3.93
1.11
1.40

38.33
3.73
1.64

0.83
2.01

-6.95
-3.43
-3.81
0.86

-4.63
-1.16

-29.56
-10.74

8.08
7.07
6.34
6.30
6.93
3.45

-0.52
-20.52
-40.94
-43.45

-47.41
-52.71
-57.99
-254
-2. 54
-12.12

-9.41
-5.97
-1.03

0.01

-13.99
-39.39
-42.70
-46 14
-50. 0
-56.20

50.00

25.0000
25.0000
25.0098

200.0000
0.0166

25.0084
25.0084

25.0012
0.0008
0.0015
0.0027
0.0030
0.0030
0.0027

25.0019ci. ooei
0.0027
0.0019

0.0032
0.0049
0.0055
0.0055
0.0046
0.0003

25.0012
0.0008
0.0015
Q0027

0.0030
0.0030
0.0009
0.0015
0.0010
0.0019
0.0030
0.0030

EL.0026
25.o022

0.0014
0.0o035
0.0055
0.0055
0.0013
0.0047
0.0095

0.1
0.2
0.0
0.1
0.1
0.2
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.1
0.1
0.0
0.1
0.2

32.3
89.3
2.0

32.2
54.1
764

6L5

0.8
0.0
0.0
0.0
0.0
0.0
0.0
2.2
3.5
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.2
0.0
4.8

ILa

16I7
24.8
10.2
12.4
1.9
0.0
0.0
0.0
1.6
0.0

0.0
11.8
2.1
29.3
11.9
A6.3
67.6 -Requlator Required

T73irt 7
J31 or- c37

259 54 146
260f 21 146

-14
27

-a380
SD. 00

0.W076 0.1
0.0109 0.2

36.1
79.4 -Regulator iequired

261 56 130 -10 -50.12 0.0041 0.1 s1.5

262 57 131
263 132 133

6
-. 7

50.12
-1. 64

0.0026 0.0
25.0019 0.0

17.7
6.5
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264 147 148
265 133 134
266 148 149
267 134 135
268 135 136
269 149 162
270 176 162
271 121 163

272 176 163
273 163 164
274 165 164
275 165 122
276 165 166
277 165 199
278 122 123
279 124 123
280 137 138
28l 139 138

282 150 151
283 152 151
284 166 167
285 168 167
286 177 178
287 179 178
28e 164 185
289 186 185
290* 189 190

-89
-202
-203

4
-4
3
3

449

-209
0

-290
-180
-101

146
124
111
92

78
61
49
35
31
19
21
9

18

-13.25
-1.01
-1.01

0.42
-0.40
4.00
L.18
1.50

-4.10
2.81
5.79

-2.41
-1.90
-1.42

7.25
6.70
6.34
5.78

7.08
6.29
5.65
4.77
4.51
3.49
3.69
2.46

45.00

0.5102
200.0000
200.0000
25.0000
25.0000

0.2500
0.1479

200.0000

12.5000
0.0472
0.0434

50.0000
50.0000
50.0000
2.m7
2.me
2ma
2ms

1.5625
1.5625
1.5625
1.5625
1.5646
1.5i46
1.5646
1.5646
0.0092

0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.1

0.1
0.0
0.0
0.1
0.1
0.0
0.2
0.1
0.1
0.1

0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.1

69.4
12.0
12.0
0.1
0.1
0.7
0.9

39.6

50.4
0.0
0.3

41.1
20.1
8.5

62.3
48.9
41.4
31.3

32.5
22.6
16.3
1.8
8.2
3.9
4.6
1.3

47.6 -Regulator Required

TRIMt 7
132 oF 137

291* 191 190 7 45.00 0.0035 0.1 1L5 -Regulator Required

292* 192 193 69 45.00 0.0341 0.S 182.6 -Regulator Required

293* 194 193 57 45.00 0.0294 0.4 150.9 -Regulator Required

294 124 153
295 168 153
296 191 153
2E7 153 154
298 155 154
299 155 125
300 155 156
301 155 180

345
243
166

4
42

-5140
-5140
-5141

.63

1.83
1.49

27.45
-10.14
-5.07

-10.14

50.0000
5. 0000
50.0000
0.0472
0.0567

50.0000
200.0000
50.0000

0.1
01
0.0
0.0
0.2
8.2
4.1
e.2

53.4
31.5
17.8
2.2

67.8
3,065.5
1,532.7
3,06.1

302 109 110
303* II 110

304 125 126
305* 127 126

-34 -1.16 25.0000 0.0
14 20.00 0.0352 0.0

3
16.5 -Regulator Required

2.4
16.5 -Regulator Required

-34
14

-1.18 250000 0.0
20.00 0.0355 0.0

306 140 141
307 142 141
308 156 157
309 158 157

-34
17

-34
24

-3.53
2.52

-4.68
316

2.77782.7778

1.5625
1.S625

0.0
0.0
0.0
0.0

7.0
2.5

5.6

C-143



310
311

169 170
171 170

-34
33

-4.67
4.62

1.S625 0.0
1.565 0.0

9.3
9.0

I A AL 7

133 oF V7312
313
314
315
316
317*

180
182
187
127
171
113

191
181
IB1
128
172
112

-33
43

-33
8

23
2

-4.65
5.28

-3.47
0.42
0.68

20.00

1.5625
1.5625
2.7778

50.0000
50.0000
0.0052

0.0
0.0
0.0
0.0
0.0
0.0

9.0
13.3
6.7
0.2
0.9
2.3 -Regulator Required

318* 129 128 1 20.00 0.003a 0.0

319
320
321

322
323
324
325

143
159
172

145
131
28
84

144
160
173

146
130
65

288

-11
-18
-28

0
2

-75
2956

-2 71
-3.44
-4.26

-6.20
50.12

-25.30
3.84

.1.5625
1.5625
1.5625

0.0001
0.0009
0.0012

200.0000

0.0
0.0
0.0

0.0
0.0
3.0
1.3

1.2 -Regulator Required

1.8
3.6
7.0

0.0
5.9

1,112.9
66B.5

Number of Iterations a 62

,*a RE6ULTDR AND B3OSTER
Branch From To

FAN LIST an
Regulator Resistance Required ( P.U.)

66
96

148
149
150
171
173
117

183
186
258
260
290
291
2S2
293
303
305
317
318

58
79
29

103
104
31
32

16I
39

164
20
21

189
191
192
194
111
127
113
129

57
60

115
116
117
133
134
183
163

7
145
146
190
190
193
193
110
126
112
128

0.1123
0.5779
0.17t7
1.3558
0.9391
4.0137
7.0032
3.3755
4.4076
4.2309
0.0043
0.0057
0.0059
0.O002
0.0308
0.0251
0.0329
0.0332
0.0028
0.0014

The following table gives the frictional pressure relative to 0 iinw at junction fo 1
The table may be used to find neutral points and the pressure difference available to produce flow
between any two junctions in the network
'i The value 99999 indicates an inaccessible junction H
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Junction Pressure
1 0
5 -1573
9 -1248

13 -1139
17 414
21 4161
25 4340
29 -539
33 -541
37 -560
41 -668
45 -718
49 4107
53 4128
57 4147
61 3358
65 3743
69 3989
73 4120
77 4437
81 7210
85 6435
89 6024
93 5487
97 4978

101 4467
105 -543
109 4075
113 4121
117 -1393
121 -583
125 4070
129 4111
133 -1444
237 -776
141 4104
145 4142
149 -1241
153 -1108
157 4104
161 -1541
165 -1031
169 4070
173 4137
177 -883
181 4104
185 -933
189 -930
193 -1000
198 7301

Junction Pressure
2 0
6 -1559

10 -1143
14 -1139
18 4141
22 4207
26 4391
30 -540
34 -542
38 -583
42 -694
46 -718
50 4114
54 4128
58 4431
62 3403
66 3752
70 4079
74 4127
78 0
82 6837
86 6410
90 5848
94 5322
98 4956

102 -266
106 -532
110 4109
114 -1504
118 -541
122 -741
126 4104
130 4138
134 -1241
138 -887
142 4120
146 4142
150 -613
154 -1112
158 4128
162 -1244

- 166 -651
170 4104
174 -1556
178 -914
182 4147
116 923
190 -948
194 -942
199 4624

Junction Pressure
3 0
7 -1458

11 -1141
15 4102
19 4145
23 4253
27 0
31 -541
35 -544
39 -590
43 -706
47 -718
51 4115
55 4128
59 0
63 3427
67 3828
71 4095
75 4128
79 7483
83 6812
87 6225
91 5677
95 S300
99 4799

103 -547
107 -538
I11 4120
115 -1419
119 -537
123 -887
127 4118
131 4141
135 -1245
139 -795
143 4110
147 -1535
151 -890
155 -1070
159 4110
163 -1032
167 -900
171 4134
175 -1559
179 -895
183 -1587
167 4071
191 -41
19 3503
288 3664

Junt ion Pressure
4 -1641
8 -1363

12 -1141
16 4102
20 4158
24 4259
2B -525
32 -541
36 -548
40 -639
44 -718
48 4092
52 4121
56 4128
60 3299
64 3576
68 3914
72 4114
76 4128
so 7270
64 6620
88 6046
92 5656
96 5137

100 4643
104 -547
108 -583
112 4119
116 -1395
120 -536
124 -763
128 4110
132 -1512
136 -1241
140 4070
144 4116
148 -1444
152 -829
156 4070
160 4126
164 -1032
168 -865
172 4110
176 -1241
180 4071
184 -912
188 4104
I92 -931
197 7047

Tt.t I 7

/39 OFS 37

#*# NETCWRK EXERCISE COfPLETE Hfs
Me hope this run has been successful .... YNETPC
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Parsons Brinokerhoff Quads & Douglas. Inc.
&Vxireem.Arcneces*Pknnen COMPUTATION SHEET

p~orlm:j..4~...@o. 1
I

I I

Job N.3?l--.

Made y .. -............

Dot*.....Y/4.4./K ..................
Chck~d y..f?0...........
De* ........ ..... s~ t . .......

.

Subject .... x.. -a ..... .~. . . ..........
.

.. ,._^.. . __wx,. .

Initial parameters. for the prwdictioW of heat ad hunmLdity

Physical description of Twelve Foot ES Shaft

Length m 311 u, Deptlr-iv i
Cross-sectional Ara soO.5
Airway friction coefficient W
Ago m 80 years, 0 weeks,

O a, D*ptt out- 3tt a
u'"2, Wetness factor' .00
.003 kg/m'3

O cays, 0 hours

Ventilation at Intake

Quant ity a 316. 15 C m3/s) t Pressure r 88 (kPa)
Wet bulb temp. a 15.2 Dog C, Dry bulb tep - 30-. Dwge C

Thermal Parameters

V. R.T. at inlet - 10 Dog C, Geothermal step - 20.73 O/Dea. C
ConductiviLty. m..&2.0OZW ULNmDe4. C C,._l-1iftusIvity. P.0,..003a0.0 u hr
Heat transfer coefficient = 319.763 kJ/hr/uIDeg C

Distance between temperature outputs , 50 a - 6 output stations

Plant

No plant for this simulation

OC\W~eof e2i~nuy

1.
Predicted Environments Twelve Foot ES Shaft

dist dry
bib

(C) (C)

wet
bib
CC)

.moist
cont
(gtkV4-

~rel
hum

den sig&a
heat

(kPa). Ckg/m3) (kJ/kg)

vrt cp wegt of f
tCCC

(C) (W/M2t CC) W.,C

0
52

104
156
207
259
311

30.30
30.77
31.S5
31.72
32.20
32. 67
33.15

1i. 20
15.38
15.60
15.81
16.02
16.22
16.42!

6. 22
6. P-2
6.23
6.23
.6. 24
6. 24
6.25

20. 18
19.75
19.32
18.91
18. t0
LB. S 1
17.72

es. 000
88.382
8. 768
89. 154
.89.541
89.930
90.320

1.006
1.006
1.009
L. 012
1.015
1.017
1.020

45.95
46.44
46.93
47.42
47.91
48.40
48.90

10.0
l.5
15.0
17.5
20.0
Z2.S
25.0

6152
6116
6068
6023
59i77
5932
5888

19.73 1iL.
19.83 19.(!
20.13 19.'i
20.42 19. 'i
20. 71 20.::
21.00 20.!j
21.2C 20.-5
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MIVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. - Q I................... ~ Sheet 4V of PAGE NO.

Job Title V &d _ i go

Description: .fL i 4

DESIGNED BY: .DS .§ dDQATE -

CHECKED BY : .REQ1t. DATEL

Initial parameters for the prediction of heat and humidity

Physical description of M&M SHAFT
____________________

Length = 322.5 m, Depth in - 0 mg Depth out = 322.5 m
Perimeter = 21.21 mg Cross-sectional area = 27.13 m12
Wetness factor = .005 , Airway friction coefficient = .0176 kg/mrn3
Age at inlet 96300 (hrs), Age at outlet 87600 (hrs)

Ventilation at intake
_____________________

Quantity = 194.3 -(m'3/s), Pressure = 90.24
Wet bulb termp. = 15.2 Dog C, Dry bulb temp. =

Thermal Parameters
__________________

V.R.T. at inlet = 10 Deg C, Geothermal step =
Conductivity = 2.070 W/m/Deg C, Diffusivity =
Heat transfer coefficient = 446.210 kJ/hr/m/Deg

(kPa)
30.3 Deg C

21.46 m/Deg C
0.003300 m'2/hr
C

Distance between temperature outputs = 50 -m - 6 output stations

Heat Sources

Virgin rock temperature is the only heat source for this simulation
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. - i A4- Sheet of Az' PAGE N0.

Job Title I/fh6t__iA3f&aih S4P5 DESIGNED BYs__5D 3__ DATE __________

Description: _Lhyr CHECKED BY u _ DATE __________

Predicted Environments M&M SHAFT

dist dry
bib

(Mn) (C)

wet
bib
(C)

moist
cont
(g/kg)

rel
hum

)

pres den sigma vrt
heat

(kPa) (k2/m3) (kJ/kg) (C)

acp wbgt eff
trnp

(W/m2) (C) (C)
_______________________________________________________________________________

0
54
108
161
215
269
323

30. 30
30.74
31. 17
31.61
32.06
-32.50
32.95

15.20
15.41
15.63
15.86
16. 09
16.32
16.54

5.91
5.93
5.95
S.98
6.00
6.02
6.05

19.66
19.38
19.08
16.78
18.49
18.21
17.93

90.240
90.752
91.264
91.779
92. 296
92. 816
93.337

1.032
1.032
1.036
1.041
1.045
1.049
1.054

45.18
45.67
46.17
46.67
47. 17
47.68
48.18

10.0
12.5
15.0
17.5
20.0
22.5
25.0

2665
2646
2623
2600
2577
2553
2530

19.73
19.86
20.15
20.45
20.74
21.03
21.33

18.66
19. 02
19.36
19.74
20.09
20.44
20.79
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rIVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. Sheet of /7 PAGE NO.

Jotb Title Y cL rnL it - A?44LI DESIGNED BY:_ DATE ifk(It
Descriptions ifii&I __ eC d.C CHECKED BY :Q X S DATE ,IAAL_

______________________________________________________________________________

Initial parameters for the prediction of heat and humidity

Physical description of 79-84 SERVICE

Length - 742.2 m, Depth in 311 m, Depth out = 311 m
Perimeter - 20.89 m, Cross-sectional area - 28.15 mrvr2
Wetness factor = .02 , Airway friction coefficient = .013 kg/m^3
Age at inlet 87600 (hrs), Age at outlet 61320 Chrs)

Ventilation at intake
_____________________

Quantity = 147.2 (m^3/s), Pressure = 93.3 (kPa)
Wet bulb temp. - 16.54 Deg C, Dry bulb temp. a 32.95 Deg C

Thermal Parameters
__________________

V. R. T. at inlet = 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deq C, Diffusivity = 0.003300 m'2/hr
Heat transfer coefficient = 240.645 kJ/hr/m/Deg C

Distance between temperature outputs = 100 m - 7 output stations

Heat Sources
____________

Virgin rock temperature is the only heat source for this simulation



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

o f /31 PAGE NO.
Job No. ------------------ Sheet ?
Job Title VedL~ jcdta_& Q-Auz dg DESIGNED BYa_ &__

Descr i pt i onr: JQyr.ZL &tit_ CHECKED BY e 61{.
DATE __________

DATE _________

______________________________________________________________________________-

Predicted Environment: 79-84 SERVICE
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib blb cont hum heat tmp

(M) (C) (C) Ap/kq) (%) tkPal (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
________________________________________________________________________-_____

0
106
212
318
424
530
636
742

32.95
32.61
32.27
31. 94
31.62
31.31
31. 00
30.70

16.54
16.54
16.54
16.53
16.53
16.51
16. 50
16.50

6.02
6.16
6.28
6.41
6.53
6.65
6.77
6.8s

17.85
18.59
19.33
20.08
20. 83
21.58
22. 34
23.11

93.300
93.275
93.251
93.226
93. 201
93.177
93.152
93.127

1.058
1.058
1.059
1.060
1. 060
1.061
1.062
1.063

48.13
48.11
48.09
48.07
48.05
48.03
48.01
48.00

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

2119
2119
2119
2120
2120
2122
2123
2123

21. 46
21.40
21.30
21.19
21.10
20. 99
20. 89
20. 8o

20.79
20.56
20.34
20.12
19.90
19.68
19.45
19.24



I4VS9 Inc. CLIMSIIM VERSION 1.1 FINAL FILING

Job No. 2&qf, Ai~1-Sheet of PG

Job Title 1 a DESIGNED BY:62tir&&._ DATE _!flL&5_

Descriptions 11Lt J 4 2 Wa CHECKED BY: _6QS DATE

Initial parameters for the prediction of heat and humidity

Physical description of 84-89 SERVICE
____________________

Length = 649.2 m, Depth in = 311 mg Depth out = 311 m
Perimeter - 20.89 ma Cross-sectional area - 28.15 m12
Wetness factor = .02 , Airway friction coefficient = .013 kg/m^3
Age at inlet 61320 (hrs), Age at outlet 39420 (hrs)

Ventilation at intake

Quantity = 137.7 (m^3/%)g Pressure - 93.13 (kPa)
Wet bulb temp. - 16.5 Deg C, Dry bulb temp. 30.7 Deg C

Thermal Parameters ¶

__________________

V.R.T. at inlet - 25 Deg C, Geothermal step 20.7 m/Deg C
Conductivity - 2.070 W/m/Deg C, Diffusivity = 0.003300 m12/hr
Heat transfer coefficient = 225. 114 kJ/hr/m/Deg C

Distance between temperature outputs = 100 m - 6 output stations

Heat Sources
V r e e e t l t r rs l

Virgin rock temperature is the only heat source for this simulation
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MVS, I nc.

Job No. -

CLIMSIM VERSION 1.1

w___ Ag A/ - -
FINAL FILING
PAGE ND.

Sheet of f

Job Title Ali'". _f DESIGNED sYz3_

Description: _ CHECKED BY s G_ j _

DATE _______

DATE ...........

_______________________________________________________________________________

Predicted EnvLronments 84-89 SERVICE
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib . bib cont hum heat tmp

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3). (kJ/kg) (C) (W/m2) (C) (C)

0
108
216
325
433
541
649

30. 70
30.40
30. 11
29.82
29.54
29. 27
2s. 00

16. 50
16.50
16. 50
16.50
16.49
16.49
16.48

6.92
7.03
7.15
7.26
7.37
7.47
7.58

23.21
24.00
24.78
25.57
26.36
27. 16
27.95

93.130
93.108
93. 086
93.064
93.041
93.019
92.997

l.063
1 *-063

1.064
1.065
1.065
1. 066
1.067

48.07
48.05
48.03
48.02
48.00
47.99
47.98

25.0
25.0
25.0
25.0
25.0
25.0
25.0

2047
2047
2047
2047
2048
2049
2050

20.76
20.71
20.62
20.53
20.44
20.36
20.27

19.23
19.01
18. 79
18.57
18.35
l.13
17.91

C-165



Parsons Brinokerhoff Quad. & Douglas, InO.
rht Pkwnnrs COMPUTATION SHEET

Subject ... Z.4dLL .. .... . ............

Pog p.... .... f..5. ..4
Job No...3.7.94.0.d/s

Made . ....... ............

Date ..... ...... . .

Chocked by ... .................... .

D ate . .... ... ....... . .........

79-g Pkw 203.
2-93 .27'3

93 - 9S 7S 7
~-9S- UO z' 272.

/0,2 X~iw

is6,*s/0. CS?7,, - ia, 2W.

i - e s*4OC77,o,~~~IC 4F ez~oa

dbowrd
; 4 2 0 I.0 Ile

IAS JZi 5 2W70 0'c
f J, I 9?a bo

6 o,cj7,1F

7A,"s4. Z.

97-/°o0 "(0'

Io-,o , 74s

.-A
i] .Z"J -

JA- roXA

off/wa- )

.?0X.eA)
.218
21 , /

_. , , f, 9m s .1--, A/,/*$ 4u
'E d. - 9 2s R O h " I

aOws

00A V.Ir

adA r/ s sR '

j,4 -/gpX~

Pa 92JS1P°4

(41. 4J,77.q-F-

0r,4.A IM 41'// I6& al le;tz-4 10 4 a eZ1'1fS/A? 1-4rv iv /j 7Z v'6
>;e 'go^4'';_e'11 , z r ^We ' Z/ 'C -VI'"Y 0. °z1i;4'i_;/'M

/2 I£ O *t0- 014e1O W

.0i// _~r ,X fg - .' frAwld'e - Atsf o ;,- Aer Av , Pd.'/Ir-ell

C27<Z~ wjr "4* -ex,4AS /~ ~ r.0.,__ /* $/#/44 1A4I/. ? 7 - f4) 4'.20 Sx ui 53fqA /I4 x go 7 - .a
,% /0,44 - 3eg7



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. - - 1 & _ ......... Sheet /t_ of 1.9 PAGE NO._

Job Title VedL L d/ Al44Id DESIGNED BY , LkUDATE 6

Descriptions PI l.. A. Q T V _ _ CHECKED By : 6& fGS2 DATE fA ------
-------------------------------------------------------------------------------

Initial parameters for the prediction of heat and humidity

Physical description of 89-96 SERVICE
____________________

Length - 1057.7 m, Depth in = 311 m, Depth out = 311 m
Perimeter = 20.89 me Cross-sectional area - 28. 15 m^2
Wetness factor .02 , Airway friction coefficient = .013 kg/m'w3
Age at inlet 39420 (hrs), Age at outlet 16644 (hrs)

Ventilation at intake

Quantity 130.9 (m'3/s), Pressure 93 (kPa)
Wet bulb temp. = 16.48 Deg C, Dry bulb temp.'= 29 Deg C

Thermal Parameters

V.R.T. at inlet = 25 Deg C, Geothermal step - 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m^2/hr
Heat transfer coefficient = 213.997 kJ/hr/m/Deg C

Distance between temperature outputs = 100 m - 11 output stations

Heat Sources
_______ _____

Virgin rock temperature is the only heat source for this simulation

C-16'



MVS, Inkc.

Job No. -

CLIMSIM VERSION 1.1

& I --------
FINAL FILING
PAGE NO.

Sheet 41_ o f _m

Job Tit e, 6letL i iL 4. S A4 DESIGNED BY:-DE2_..

Descri pt ionx 1 JP 8 {Le zLc/1JL CHECKED BY * 65Q

DATE -----------

DATE -------

_______________________________________________________________________________,

Predicted Environments 89-96 SERVICE
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt off
bib bib cont hum heat tmp

(m) tC) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
__________________________________________________________________________

0
96

192
2as
385
481
577
673
769
865
962

1058

29.00
28.77
28.54
28. 32
2a. 10
27.89
27.68
27. 47
27.27
27.08
26. 89
26.70

16. 4B
16.48
16. 48
16.48
16.48
16.47
16.47
16.47
16.46
16.46
16. 46
16.44

7.61
7. 70
7.79
7.88
7.96
a.04
8.13
8.21
8.29
8.37
8.44
3.5e

28.07
28. 78
29.49
30.20
30. 90
31.61
32. 31
33.01
33.71
34.41
35.11
35. 80

93.000
92.982
92.964
92.947
92.929
92.911
92.893
92.875
92.857
92. a39
92.821
92. 803

1.067
1.067
1.063
1. 06a
1.069
1.069
1 .070
1.070
1.071
1.071
1.072
1.072

48.06
48.04
48.03
48.02
48.01
48.00
47.99
47.99
47.98
47.98
47.97
47.97

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

1994
1994
1994
1994
1994
1995
1996
1996
1997
1997
1997
1998

20* 24
20. 19
20. 13
20.06
19.99
19.92
19. 86
19.80
19.73
19.67
19.61
19.55

17.91
17.71
17.52
17.33
17. 14
16.95
16.77
16.58
16.40
16.21
16.03
15.85
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. .. (ofei]Sheet of ~ PG O

Job Ti e1~Ln/fDESIGNED BYz:ji:>iA rAT

Description LŽ.g.ee4omA11rCHECKED BY :gI'0LI?~QS DATE --JI~

Initial parameters for the prediction of heat and humidity

Physical description of 96-101 SERVICE MAIN

Length = 847.3 mg Depth in- 311 mn, Depth out 311 m
Perimeter = 20.89 mn, Cross-sectional area = 28.15 mn'2
Wetness factor = .02 , Airway friction coefficient .013 kg/m""3
Age at inlet 16644 (hrs), Age at outlet 2920 (hrs)

Ventilation at intake

Quantity 126 (m'13/s),. Pressure- 92.8 (kPa)

Wet bulb temp. 16.44 Deg C, Dry bulb temp. 26.7 Deg C

Thermal Parameters

V.R.T. at inlet = 25 Deg C, Geothermal step 20e.7 m/Deg C
Conductivity - 2.070 W/m/Deg C, Diffusivity = 0.003300 mn'2/hr
Heat transfer coefficient =205.987 kJ/hr/in/Deg C

Distance between temperature outputs =100 in - 8 output stations

Heat Sources

Virgin rock temperature is the only heat source for this simulation
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Job No. /Az ---------------- Sheet /V of

Job Title 1b A 4.LA0ŽL A24.4YJ DESINED BY:23__

Description: __Jg5 1iLktC t CHECKED BY

FINAL FILING
3AGE NO. _

DATE ______ ----

DATE

______________________________________________________________________________,

Predicted Environments 96-101 SERVICE MAIN

dist dry wet moist rel pres oen sigma vrt acp wbgt eff
blb bib cont hurm heat tmp

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/mP2) (C) (C)
______________________________________________________________________________

0
106
212
318
424
530
635
741
847

26. 70
26.50
26. 30
26.11
25.92
25. 73
25.56
25.38
25. 21

16.44
16.44
16. 44
16.44
16.44
16.44
16. 44
16.44
16.44

8.53
8. 61
8. 69
8.77
8.85
8. 92
9.00
9.07
9.14

35. 87
36.63
37.39
31. 15
38. 90
39.65
40.39
41.12
41.85

92. 800
92.782
92. 763
92.745
92. 727
92.709
92.690
92.672
92.654

1.072
1.072
1.073
1.073
1.074
1.074
1.075
1. 07S
1.075

48.00
48.00
47.99
47.99
47.99
47.99
47.99
47.99
47.99

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

1958
1953
1958
1958
1959
1959
1959
1959
1959

19.52
19.48
19.42
19.37
19.31
19.25
19. 20
19.15
19.10

15.85
15.65
15. 45
15.26
15.07
14.88
14.69
14.51.
14. 32



IVS, Inc. CLIMSIM VERSION 1.1

Job No. _;t_ ---

Job Title _

Descriptions

FINAL FILING
PAGE NO.

Sheet ,AiA of .LO

DESIGNED BYt_2 1 DATE DATE

CHECKED BY a _:ZFXg DATE __

------------------------------------------------------------------------------

Initial parameters for the prediction of heat and humidity

Physical description of 101 tbm

Length = 304.8 'm, Depth in c 3x& m, Depth out - 3 1 1 r m
Perimeter = 20.96. m, Cross-sectional area - 34.56 imns2
Wetness factor - .05 -a Airway friction coefficient .0111 kg/m^3
Age at inlet 504,. (hrs)q Age at outlet 0 (hrs)

Ventilation at intake
_____________________

Quantity - 20 -(mrn'3/s), Pressure 92.8 (kPa)
Wet bulb temp. 16.44 Deg C, Dry bulb temp. - 25.21 Deg C

Thermal Parameters
__________________

V.R.T. at inlet w 25 Deg C, Geothermal step - 20.7 m/Deg C
Conductivity - 2.070 W/m/Deg C, Diffusivity = 0.003300 mA2/hr
Heat transfer coefficient - E2.740 kJ/hr/m/Deg C

Distance between temperature outputs 50 S m - 6 output stations

Heat Sources

Spot heat sources

No. Distance From
intake and (m)

I 290

Equipment spot heat sources

No. Distance from Full load
intake (G) power output (kW)

2 290 972.00

Linear heat sources

No. Distance from SensiI
intake end (m) Loar

Sensible Heat
Load MkW)

13
A___

Percent utilization
at equiv. full load

20.0

Diesel or
Electric

Electric
.___ ._______ ,___

------------------------------- ______.

e'.s.

ble Heat
d -4kW)

a.30

Length of
Source (m)

290
._____

I 0
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MVS, Inc. CLIMSIM VERSION 1.1

Job No. ___. f -_d ................. Sheet Z2Sw of /1ro
FINAL FILING
PAGE NO.

Job Titlea - _ - --

Deacr i Dt inobi Z,'6 :.:S72 S. , /

DESIGNED BYzcocizuner DATE

CHECKED BY *__ ( 8 DATE …..........
__^cico~~~~~~~. y c r: ^ __--A -r

…__________________________ ___________________________- …-…-__ ____ ____ ____ ____

Predicted Environments 101 tbm
_____________________

dint dry wet moist rel pres don sigma vrt acp wbgt off
bib bib cont hum heat tmp

(m) (C) (C) (g/kg) M%) (kPa) (kg/m3) (kJ/kg) (C) (W/w2) (C) (C)
…_____________________________________________________-______________________.

0 25.21 16.44 9.15
St art linear sour-e no.

51 25.59 16.60 9.21
102 25.95 16.77 9.28
152 26.29 16.93 9.35
203 26.61 17.09 9.41
254 26.92 17.25 9.48

After spot source no. 1
After spot source no. 2

305 36.57 20.26 9.55

41.95 92.800
1 sensible heat
41.30 92.800
40.73 92.800
40.20 92. 800
39.72 92.800
39.29 92.799
sensible heat =
sensible heat -
22.91 92. 799

1.077 48. 00 25. 0 776
- 65.3 kW For 290 in

1.077 48.55 25.0 773
1.076 49.07 25.0 767
1.074 49.58 25.0 761
1.073 50.07 25.0 756
1.072 50.55 25.0 751

13.08 kW, latent heat -
204.63 kW, latent heat =

1.071 60.47 25.0 674

19.07 18.23

19.17 18.52
19.39 l8.80
19.59 19.06
19.80 19.32
19.99 19. 5S

0. 00 kW
0. 00 kW

22.18 25.38
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MVSO Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No. 3 FA X i_ Sheet Aa- of ____

Job Title LIUps 4/7._5 JIi..4 S DESIGNED BYz 5 I{-ntDATE _

ionr CHECKED BY . eB § DATE _

Initial parameters for the prediction of heat and humidity

Physical aescript ion of 101-58 PERIMETER DRIFT

Length = 39.6 m, Depth in - 311 m, Depth out - 311 m
Perimeter - 20.96 m, Cross-sectional area 34.56 m"'2
Wetness factor - .02 , Airway friction coefficient .0111 kg/m'3
Age at inlet 3290 Chrs), Age at outlet 3290 (hrs)

Ventilation at intake

Quantity = 124.5 (m-o3/s), Pressure a 92.65 (kPa)
Wet bulb temp. = 16.98 Deg C, Dry bulb temp. = 26.99 Deg C

Thermal Parameters

V. R.T. at inlet 25 Deg C, Geothermal step - 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity 0.003300 m12/hr
Heat transfer coefficient - 141.554 kJihr/m/Deg C

Distance between temperature outputs = 5 m - 8 output stations

Heat Sources

Linear heat sources

No. Distance from Sensible Heat Length of
intake end (iM) Load (kW) Source (m)

______________________0____________________0____________0___

l 0 4.50 20
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MVS, Inc. CLIMSIM VER8ION 1.1

Job No. _ @ __I6J

FINAL FILING
PAGE NO.

Sheet of7 _ ----

Job Tit le l b~2ie1 _ LAj40 DESIGNED BY's 52 _

Descript ions _ _+ @<Z_ CHECKED BY

DATE ______----

DATE

Predicted Environment: 101-58 PERIMETER DRIFT
___________________ _

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib blb cont hum heat tmp

(m) (C) (C) (g/kg) (M) (kPa) (k2/m3) (kJ/kg) (C) (W/m2) (C) (C)
_______________________________________________________________________________

0 26.99 16.98 9.11 37.54 92.650 1.069
Start linear source no. 1 sensible heat = 4.5

S
10
15
20
25
30
35
40

26. 99
26. 99
26.99
26. 99
26.99
26.98
26.97
26. 97

16.98
16.98
16. 98
16.98
16. 98
16.98
16. 98
16.98

S. 11
9. 11
9. 11
9.12
9.12
9.12
9.13
9.13

37.55
37.55
37.56
37.57
37.60
37.62
37.65
37.68

92.650
92.649
92.649
92.648
92.648
92.648
92.647
92.647

1. 069
1.069
1. 069
1.069
1.069
1.069
1. 069
1.069

49.70
kW For
49.71
49.72
49.73
49.73
49.73
49.73
49.73
49.73

25.0
19.8 m

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

1709
1709
1709
1709
1709
1709
1709
1709

19.97
19.97
19.97
19.97
19. 96
19.97
19.97
19.97

1709 19.98 16.21

16.21
16.21
16.21
16.21
16.20
16.20
16. 19
16. 18
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
fl. A, .. ., ~~~ ,~~ *~ PAGE NO.

Job No. Ala I& 4jj/J Sheet A of P N

Job Title is L t J- ?X X SD ESIGNED BY: __ . ) jrDATE l

Description: ., Yet /.Jkz1.gt CHECKED BY *_ 0GG-CJS DATE

_______________________________________________________________________________

Initial parameters for the prediction of heat and humidity

Physical description of 58-57 WASTE MAIN

Length = 177 m, Depth in - 311 ml Depth out = 311 m
Perimeter = 22.62 m, Cross-sectional area = 39.48 m12
Wetness factor = .02 . Airway friction coefficient - .0111 kg/mA3
Age at inlet 732 (hrs), Age at outlet 732 (hrs)

Ventilation at intake
_____________________

Quantity = 24.07 (m^3/s), Pressure 92.65 (kPa)
Wet bulb temp. - 16.98 Deg C, Dry bulb temp. = 26.97 Deg C

Thermal Parameters
__________________

V.R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m^2/hr
Heat transfer coefficient = 23.957 kJ/hr/m/Deg C

Distance between temperature outputs 25 m - 7 output stations

Heat Sources

Virgin rock temperature is the only heat source for this simulation
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. 3 q_96 &L ----- -Sheet la of APGE NO.

Job Title --o Lp&oLLi-4s DESIGNED EYg ' _

Descriptions _A p L 4ett CHECKED BY s

DATE -----------

DATE ______----

_______________________________________________________________________________

Predicted Environments 58-57 WASTE MAIN
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
_______________________________________________________________________________

0
25
51
76

101
126
152
177

26.97
26.90
26.64
26.77
26.71
26.65
26.59
26.53

16.s8
16.98
16.98
16.97
16.95
16.95
16. 94
16.93

9.12
9.13
9.14
9.16
9.17
9.18
9.20
9.21

37. 62
37.82
38. 02
38.23
38.42
38.62
38.81
39.00

92. 650
92.650
92. 650
92.650
92. 650
92.650
92. 650
92.650

1.069
1.069
1. 069
1.070
1.070
1.070
1.070
1.071

49.70
49.67
49.63
49.60
49.57
49.54
49.51
49.49

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

770
771
771
772
772
772
773
773

19.98
19.89
19.88
19.85
19.82
19. S1
19. 78
19.76

19. 45
19.41
19. 37
19.33
19. 28
19.25
19.21
19.17
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. _- Sheet 623 of PAGE NO.

Job Ti t 1 14 AL ea _IGNED BY: 2 Thftir DATE-

Descriprion: ___ CHECKED BY :06n O -G1 DATE

___________________--_________________________________________________________,

Initial parameters for the prediction of neat and humidity

Physical description of 58-21 PERIMETER

Length = 1186 mg Depth in a 311 m, Depth out - 311 m
Perimeter - 20.96 m, Cross-sectional area - 34.56 m`2
Wetness factor - .02 , Airway friction coefficient .0111 kg/m,3
Age at inlet 3660 (hrs), Age at outlet 8760 (hrs)

Ventilation at intake
_____________________

Quantity - 100.2 (mn3/s), Pressure 92.65 (kPa)
Wet bulb temp. = 16.93 Deg C, Dry bulb temp. 26.53 Deg C

Thermal Parameters
__________________

V. R.T. at inlet - 25 Dog C, Geothermal step 20.7 m/Deg C
Conductivity - 2.070 W/m/Deg C, Diffusivity = 0.003300 m12/hr
Heat transfer coefficient - 113.925 kJ/hr/m/Deg C

Distance between temperature outputs = 100 M - 12 output stations

Heat Sources
int e e tht r ri l

Virgin rock temperature is the only heat source for this simulation:
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Job No. _- -fi 4i / L-______________

F INAL FILING

Shreet of I PAGE NO.

Job Title sjF _

Description:

'DESIGNED BYM_:D.__

CHECKED BY

DATE -----------

DATE -----------

_______________________________________________________________________________

Predicted Environment c 58-21 PERIMETER
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(i) (C) (C) (C/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
_______________________________________________________________________________

0
99

Ise
297

395
494
593
692
791
890
988

1087
1186

26.53
26.40
26. 27
26.14
26.02
25.90
25.78
25.66
25.55
25. 44
25.33
25.23
25. 12

16. 93
16.93
16.93
16.93
16. 93
16.93
16.93
16.93
16.93
16.93
16.93
16.93
16. 93

9.23
9.28
9.33
9.38
9.43
9.48
9.52
9.57
9.62
9.66
9.70
9.75
9.79

39. 10
39.61
40.13
40.63
41. 13
41.63
42. 12
42.61
43. 10
43.58
44.05
44.52
44. 99

92.650
92.645
92.640
92.635
92.630
92.625
92.620
92.615
92.610
92.605
92.600
92.595
92.590

1.071
1.071
1.071
1.072
1.072
1.072
1.073
1.073
1.073
1.074
1.074
1.074
1.075

49.55
49.54
49.53
49.52
49.51
49.50
49.50
49.50
49.49
49.49
49.49
49.49
49.49

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

1530
1530
1530
1530
1531
1531
1531
1531
1531
1531
1532
1532
1532

19. e1
19.78
19.74
19.71
19.67
19.63
19.60
19.56
19.53
19.50
19.47
19.43
19. 40

16.36
16.24
16.12
16.00
15.88
15.77
15.65
15.54
15.43
15.32
15.21
15.11
15.00
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. _0Ag12A____ ___ Sheet of l P

Job Title 2ee, dli 4 DESIGNED BY: _jVj, DtirDATE

Description: r CHECKED BY * Gf<o&XS DATE

___________________________________________-_________________________________

Initial parameters for the prediction of heat and humidity

Physical description of 20-19 PERIMETER
____________________

Length - 215 in, Depth in = 311 m, Depth out 311 m
Perimeter = 20.96 m, Cross-sectional area = 34.56 m12
Wetness factor - .02 , Airway friction coefficient-- .0111 kg/rm"3
Age at inlet 15768 (hrs), Ape at outlet t5768 (hrs)

Ventilation at intake
_____________________

Quantity - 53 (m^3/s), Pressure - 92.65 (kPa)
Wet bulb temp. - 16.93 Deg C, Dry bulb temp. 25.12 Deg C

Thermal Parameters

V.R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity 2.070 W/m/Deg C, Diffusivity - 0.003300 m^2/hr
Heat transfer coefficient = 60.260 kJ/hr/m/Deg C

Distance between temperature outputs 25 m - 9 output stations

Heat Sources

Virgin rock temperature is the only heat source for this simulation

C-181



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. 30(e9jl'a L-- - - SheeteiL. of / PE

Job Title &>0W DESIINED BY#_

Description: /Q4 JPe aOe¢Q 20 1 CHECKED BY s__6g__

DATE

DATE .........

Predicted Environment. 20-19 PERIMETER
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt off
blb blb cont hum heat tmF

(m) CC) CC) (g/kg) t%) (kPa) (kg/m3) (kJ/kg) (C) (W/ma) (C) (C)
_____________________________________________________________________________

0
24
48
72
96

119
143
167
191
215

25.12
25. 10
25.07
25.05
25.02
25.00
24.98
24.95
24.93
24. 90

16. 93
16.93
16.93
16.93
16.93
16.93
16.93
16.93
16.93
16.93

9.82
9.83
9.84
9.85
9.86
9.87
9.88
9.89
9.90
9.91

45.14
45.25
45. 36
45.48
45.59
45.70
45.81
45.92
46.03
46.14

92.650
92.650
92.649
92.649
92. 649
92.648
92.648
92.648
92.647
92.647

1. 075
1.075
1. 075
1.076
1.076
1.076
1.076
1.076
1 .076
1.076

49.55
49.55
49.55
49.55
49.55
49.55
49.55
49.56
49.56
49.56

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

1125
1125
1125
1125
1125
1125
1125
1125
1125
1125

19. 39
19. 39
t9. 38
19.37
19. 36
19.36
19. 35
19.34
19. 34
19.33

16. a
16.8
16. a
16.7
16. 7
16. 7
16.7
16. 7
16.7
16. 6

5
3
I
9
7

4
2
0
a

k
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No. i 4L Sheet o 41 P1 NO ___

Job Tit le .A4 94nJA-XaDE DESIGNED BYI 3 UV DATE

Descriptionc CHECKED BY G LC 1gft- DATE.:t12 _

_____________________________________________________________________________

Initial parameters for the prediction of heat and humidity

Physical description of 19-17 PERIMETER
____________________

Length = 245.4 mn, Depth in 311 m, Depth out - 311 m
Perimeter = 20.96 Mg Cross-sectional area = 34.56 m^2
Wetness factor = .02 , Airway friction coefficient e .0111 kg/m"3
Age at inlet 17520 (hrs), Age at ontlet 17520 (hrs)

Ventilation at intake

Quantity 28.93 00n3/s), Pressure - 92.65 CkPa)
Wet bulb temp. - 16.93 Deg C, Dry bulb temp. 24.9 Deg C

Thermal Parameters
__________________

V.R.T. at inlet 25 Deg C, Geothermal step 20.7 m/Deg C
Conductivity - 2.070 W/m/Deg C, Diffusivity 0.003300 m^2/hr
Heat transfer coefficient - 32.893 kJ/hr/m/Dep C

Distance between temperature outputs = 50 m - 5 output stations

Heat Sources

Virgin rock temperature is the only heat source for this simulation

C-1£



MVS, Inc. CLIMSIM VERSION 1. 1

Job No. ZL &A A --- Sheet o of

FINAL FILING

PAGE NO.

Job it s VdJ~~Y L~~AP4&IESIGNED BY:__tYa-L

Descrript ion: .L2./~L~&14OZ&2LCHECKED BY:_

DATE .........

DATE ---------

Predicted Environments 19-17 PERIMETER
…____________________

dist dry wet moist rel pres
bib bib cont hum

Cm) (C) (C) (g/kg) (%) (kPa) (C
__-_____________________________________

den sigma vrt
heat

kg/m3) (kJ/kg) (C)

acp wbgt off
tm-F

(W/me) (C) (C)
.______________________________C)____

0
49
98

147
196
24S

24. 90
24.85
24. 81
24. 76
24. 72
24. 67

16. 93
16.93
16. 93
16.93
16. 93
16.93

9.91
9. 93
9.95
9.97
9.99

10.01

46. 15
46.38
46. 60
46.82
47.04
47.26

92.650
92.650
92. 650
92.649
92.649
92.649

1.076
1.076
1.076
1.076
1 .077
1.077

49.55
49.55
49.56
49.56
49.57
49.5a

25. 0
25.0
25. 0
25.0
25.0
2S.0

872
872
872
872
872
872

19. 32
19.32
19.31
19.30
19.28
19.27

17. 76
17.73
17. 69
17.66
17. 63
17.60

C-i 84
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MVSg Inc. I

Job No. -

Job Title 1k

Descript ions

CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Sheet o- , of-- - ------- ---------

OESIGNED BY2 '.h lD DATE a* _

CHECKED BY : <X•I. DATE .L/.

----------------------------------------------------------------------------

Initial parameters for the prediction of heat and humidity
I

Physical description of 57-131 PANEL ACCESS

Length 137 mj Depth in 311 mg Depth out = 311 m
Perimeter = 18.26 mg Cross-sectional area - 22.02 m12
Wetness factor - .02 . Airway friction coefficient .013 kg/mrn3
Age at inlet 732 (hrs), Age at outlet 732 (hrs)

Ventilation at intake
_____________________

Quantity - 23.6 (r^3/s), Pressure - 92.65 (kPa)
Wet bulb temp. - 16.93 Deg C, Dry bulb temp. - 26.53 Deg C

Thermal Parameters
__________________

V.R.T. at inlet = 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity 0.003300 m^2/hr
Heat transfer coefficient.- 49.322 kJ/hr/m/Deg C

Distance between temperature outputs = 25 m - 5 output stations

Heat Sources
V nt e e ty t r ril

Virgin rock temperature is the only heat source for this simulation

Cd 86



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. __ (2. .............. Sheet _ of _/ t PABE NO.

Job Title 1 4Ad2/Lv.4/S

Descriptions JLk dO_ X -

DESIGNED BY_2: __

CHECKED BY 3 _uR ._

DATE ---------

DATE ---------

Predicted Environments 57-131 PANEL ACCESS
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmr

(m) (C) (C) (a/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/mZ) (C) (C)
_____________________________________________________________________________

0
27
55
82

110
137

26.53
26.45
26.37
26.29
26.22
26.14

16.93
16.93
16.93
16.93
16.92
16.92

9.23
9.26
9.2a
9.30
9.32
9.35

39. 10
39.36
39.66
39.94
40.21
40.48

92.650
92.650
92.649
92.649
92.649
92.648

1.071
1.071
1.071
1.071
1.071
1.072

49.55
49.52
49.50
49.48
49.46
49.44

25.0
25.0
25.0
25.0
25.0
25.0

958
958
959
959
959
960

19.81
19.78
19.75
19.73
19. 70
19.68

18.54
18. 4e
18.43
18.37
18. 32
18.27

C-187



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. Sheet Of a PAGE NO.

Job Title 1 PILo L 40 DESIGNED BYi:i 2 jrje> DATE

Descriptions JŽg L ___ CHECKED BY :X S.Ž2fj DATE IL4.

_____________________________________________________________________________

Initial parameters for the prediction of heat and humidity

Physical description of 131 - HEADING

Length 228.6 m, Depth in 311 m, Depth out 311 m
Perimeter - l8.26 m, Cross-sectional area - 22.02 m12
Wetness factor - .05 , Airway friction coefficient - .013 kg/m'3
Age at inlet 732 (hrs), Age at outlet 0 (hrs)

Ventilation at intake
_____________________

Quantity - 6.7 (ml*3/s), Pressure = 92.65 (kPa)
Wet bulb temp. 5 16.92 Deg C, Dry bulb temp. 26.14 Deg C

Thermal Parameters
__________________

V.R.T. at inlet - 25 Deg C, Geothermal step 20.7 m/Deg C
Conductivity - 2.070 W/m/Deg C, Diffusivity 0.003300 m^2/hr
Heat transfer coefficient = 14.002 kJ/hr/m/Deg C

Distance between temperature outputs 25 m - 9 output stations

Heat Sources
____________

Equipment spot heat sources

No. Distance from Full load Percent utilization Diesel or
intake Cm) power output (kW) at equiv. full load Electric.

______________________ ____________________0_______________E___ectric_______

1 223 157.00 35.0 Electric



ffVS, Inc.. CLIMSIM VERSION 1.1 FINAL FILING

Job No. ]6#E /ZE1 Sheet ; of 2 PAGE NO.

Job Title P"-ii tDESIGNED BYs _ ___.

Descr i pt i on s CHECKED BY

DATE ---------

DATE

_____________________________________________________________________________

Predicted Environmenti 131 - HEADING
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(m) (C) (C) (U/kg) (X) (kPa) (kg/m3) (kJ/kg) (C) (W/me2) (C) (C)
_____________________________________________________________________________

.0
25
51
76

102
127
152
178
203

26.14
2-5. 97
25.61
25.67
25.53
25.40
25.29
25.17
25.07

16. 92
16.92
16. 92
16.92
16. 92
16.92
16.92
16.92
16.92

9.38
9.44
9.50
9.55
9.60
9.66
9.71
9.76
9. 1

40.64
41.30
41.92
42.53
43. 11
43.68
44.22
44.75
45.26

92.650
92. 650
92.650
92.650
92.650
92. 650
92.650
92.650
92.650

1.072
1.072
1.073
1 *073

1.074
1.074
1.074
1. 075
1.075

49.52
49.49
49.47
49.45
49.45
49.45
49.46
49.47
49.49

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

632
633
633
633
634
634
634
635
635

19.69 19.3e
g19.61 19. 2e
19. 57 19. 15
19.54 19.11
19.5O 19.03
19.47 18.9E
19.44 18.88
19.41 18.81
19.39 18.7'
0. 00 kW

21. 07 23.67
After spot source no. 1 sensible heat - 57.64 kW, latent heat -
e29 32.83 19.36 9.86 29.04 92.650 1.076 57.45 25.0 586

C-189
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"4VS9 Inc. CLIMSIM VERSION I.' FINAL FILING

Job No. - Sheet of PAGE NO.

Job Titlel12 1/11if4l DESIGNED BYs 2 <Su, DATE yAl5%/,

Description: __ RnEC BY s IgOGA) DATE --------

_-____________-_____________-________________________________________________

Initial parameters for the prediction of heat and humidity

Physical descriptioneof 130 - HEADING
- -- --- - - - - - - - -- -

Length - 228.6 M, Depth in = 311 a, Depth out - 311 m
Perimeter = 18.26 m, Cross-sectional area = 22.02 mrn2
Wetness factor - .05 , Airway friction coefficient = .013 kg/nm'3
Age at inlet 732 (hrs), Age at outlet 0 (hrs)

Ventilation at intake
_____________________

Quantity - 16.34 (mnv3/s), Pressure 92.65 (kPa)
Wet bulb temp. - 17.61 Deg C, Dry bulb temp. 28.04 Deg C

Thermal Parameters

Y.R.T. at inlet = 25 Deg C, Geothermal step =20.7 m/Dep C
Conductivity 2.070 W/m/Deg C, Diffusivity 0.003300 m^2/hr
Heat transfer coefficient 34.149 kJ/hr/m/Deg C

Distance between temperature outputs 25 m - 9 output stations

Heat Sources
____________

Equipment spot heat sources

No. Distance from Full load Percent utilization Diesel or
intake (m) power output CkW) at equiv. full load Electric

_____________________________________________________________________________

1 114 207.00 35.0 Diesel
Amount of water emitted by diesel 3 liters water/liter fuel

CA191



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. ------------- Sheet o;/- f 12) PAGE NO.

Job Tit ie~ Jt(L? 2 f424/ ES I GNED BYe__I)__ DATE .........

Description: -Za L ..4 e M-4" CHECKED BY : DATE ---------

Predicted Environments 130 - HEADING
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
blb blb cont hum heat tmr

Cm) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/M2) (C) (C)
_____________________________________________________________________________

0 28. 04
25 27.84
51 27.64
76 27. 46

102 27.28
After spot

127 36.09
152 35.67
178 35.27
203 34.88
229 34.51

17. 61
17.61
17.59
17.58
17. 56
sources
20. 97
20.95
20. 89
20. 83
20. 78

9.48
9.54
9.59
9.65
9.71

no. 1
10.81
10. 89
10.97
11.05
11.13

36. 72
37.38
38.04
38.67
39.30

g2.650
92.650
92.650
92.650
92.649

1.065
1. 065
1.066
1.0 C66
1. .067

51. 67
51.61
51.55
51.51
51.46

25.0
25. 0
25.0
25.0
25.0

803
804
ao5
806
807

sensible heat =
26.52 92. 649
27.35 92.649
28.16 92.649
2a.97 92.649
29.77 92. 649

160.60 kW, latent heat =
1.067 63.08 25.0 708
1.037 62.85 25.0 670
1.038 62.64 25.0 673
1.039 62.44 25.0 676
1.040 62.25 25.0 679

20. 74 20. 13
20.64 20.01
20. 58 19. 89
20.5i2 19.77
20.46 19.66
44.43 kW

22.80 25.41
25.19 25.2 __
25.04 25.04
24. 90 24.8'E
24.76 24.67

C.192



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. ___ Sheet of L PAGE #D.

Job Title 4IL4e 'DESIGNED BYu_= DATE

Descriptions .Z/ y 'c. + CHECKED BY *_Ofi 0625 DATE £474L__

Initial parameters for'the prediction of heat and humidity

Physical description of 130-56 PANEL ACCESS
____________________

Length - 137.2 m, Depth in - 311 mg Depth out - 311 m
Perimeter - 22.65 mn Cross-sectional area = 20.16 mrn2
Wetness factor .02 , Airway friction coefficient .013 kg/m"3
Age at inlet 732 (hrs), Age at outlet 732 (hrs)

Ventilation at intake

Quantity = 23.1 (m-3/3)r, Pressure -92.65 (kPa)
Wet bulb temp. 19.85 Deg C, Dry bulb temp. - 32.6 Deg C

Thermal Parameters
__________________

V.R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/DeV C
Conductivity - 2.070 W/m/Deg C, Diffusivity 0.003300 mr2/hr
Heat transfer coefficient e 52.731 kJ/hr/m/Deg C

Distance between temperature outputs = 25 in - 5 output stations

Heat Sources
____________

Spot heat sources

No. Distance From Sensible Heat
intake end (m) Load MkW)

1 0 13

Equipment spot heat sources

No. Distance from Full load Percent utilization Diesel or
intake (m) power output (kW) at equiv. full load Electric

…------------ -- ------------------- …-------…

2 0 112.00 35.0 Electric

Linear heat sources

No. -Distance from Sensible Heat Length of
intake end (M) Load 4kW) Source (M)

…__ __ ___ __ ___ __ ___ __ ___ __ __ ----------- _ _ ----- -…

1 0 105.00 137

C-193



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No. ___---------- Sheet of JJ P

Job Title . _

Description: _1

DESIGNED BY:_T n. R_

CHECKED BY

DATE -------

DATE _______

-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _1--

Predicted Environmenta 130-56 PANEL ACCESS

dist dry wet moist rel pres den sigma vrt acp wbgt a
bib bib cont hum heat

Cm) (C) (C) (g/kg) CX) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (9)
------------------------------------------------------------------------- __e

0 32.60 19.85 10.62
After spot source no. I
Start linear source no.
After spot source no. 2

27 35.37 20.66 10.66
55 35.86 20.a4 10.70
82 36.33 21.00 10.75

110 36.79 21.15 10.80
137 37.24 21.32 10.85

31 * 62 92.650
sensible heat -
1 sensible heat
sensible heat -
27.21 92.650
26.61 92.649
26.04 92.649
25.51 92.648
25.01 92.648

1.049 59.06 25.0 855
13.40 kW, latent heat =

= 105 kW for 137.2 w
41.26 kW, latent heat =

1.049 61.97 25.0 830
1.039 62.58 25.0 812
1.037 63.18 25.0 802
1.036 63.76 25.0 794
1.034 64.34 25.0 7a6

23.67 23.07
0.00 kW

0.00 k
24.09 24
24.99 25
25. 24. 25
25.48 25
25.73 25.

4
.73
02

15!
81

C-194
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No. _409NILL ______------ Sheet 3 t of

Job Title 1/t _ & lfZAd DESIGNED BY: Iutar DATE _ r/it _

Descri ptions J/q .kp f .. CHECKED BY : (0 X 70G' DATE

_____________________________________________________________________________

Initial parameters for the prediction of heat and humidity

Physical description of 56-76 PANEL ACCESS
-___________________

Length = 20 m, Depth in 311 m, Depth out = 311 m
Perimeter - 22.65 m, Cross-sectional area - 20.16- m'2
Wetness factor = .02 , Airway friction coefficient .013 kg/m`3
Age at inlet 2167 (hrs), Age at outlet 2167 (hrs)

Ventilation at intake

Quantity 11.66 (m'3/s), Pressure 92.65 (kPa).
Wet bulb temp. - 21.32 Deg C, Dry bulb temp. a 37.24 Deg C

Thermal Parameters

V. R.T. at inlet - 25 Deg C, Geothermal step 20.7 m/Deg C
Conductivity 5 2.070 W/m/Deg C, Diffusivity = 0.003300 m12/hr
Heat transfer coefficient - 26.617 kJ/hr/m/Deg C

Distance between temperature outputs - 5 m - 4 -,output statiovns

Heat Sources
____________

Linear heat sources

No. Distance from Sensible-Heat Length of
intake end (r) Load (1W) Source (m)

____________________________1___________36__________20______

1 0 15.36 20



MVSq Inc. CLIMSIM VERSION 1-1 FINAL FILING

JOb NOd __ Su/%. ______ Sheet E _ Of | PAGE NO.

Job Title '0,t- DEIGE BY_6zL_
, 4a A 9 A DEI.E _~-DR-

DATE ---------

DATE .........Descri~ptilovi -ILYK .I I F- CHECKED BY

Predicted Environment:s 56-76 PANEL ACCESS

dist dry wet moist rel pres den sigma vrt acp wbat eff
blb bib cont hum heat tmp

(m) (C) (C) (g/kg) CX) (kPa) (kg/m3) (kJ/kg) (C) (W/M2) (C) (C)
…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

o 37.24 21.32 10.83 24.94 92.650
Start linear source no, I sensible heat

-5 37.46 21.37 10.84 24.67 92. 650
10 37.67 21.43 10.85 24.41. 92.650
15 37.89 21.50 10.86 24.15 92.650
20 38.10 21.56 10.87 23.89 92.650

1.033 64.28
- 15.36 kW For
1.033 64.52
1.032 64.76
1.031 65.01
1.031 65.25

25.0
20 to
25.0
25.0
25.0
25.0

590 26. 10 26. 1C

594
591
588
586

25. 81
25.91
26. 02
26. 12

C-197



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No. _ 4aAxL --------------- - Sheet of

Job Title I Ir /l J j DESIGNED BY:_ 9fAA4DATE _ -AL.
Description: .. JZv LSo/ploe CHECKED BY : 15 DATE flk.

_____________________________________________________________________________-

Initial parameters for the prediction of heat and humidity

Physical description of 56-54 waste main

Length - 402 m, Depth in 311 m, Depth out = 311 m
Perimeter = 22.62 m, Cross-sectional area - 39.48 m`2
Wetness factor - .02 , Airway friction coefficient .0111 kg/m^3
Age at inlet 2167 (hrs), Age at outlet 10512 (hrs)

Ventilation at intake
_____________________

Quantity m 12.41 (m'3/s), Pressure 92.65 (kPa)
Wet bulb temp. 21.32 Deg C, Dry bulb temp. a 37.24 Deg C

Thermal Parameters

V.R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity - 2.070 W/m/Deg C, Diffusivity 0.003300 m12/hr
Heat transfer coefficient = 12.352 kJ/hr/m/Deg C

Distance between temperature outputs 50 m - 8 output stations

Heat Sources
Vr t e e t l t r r s l

Virgin rock temperature is the only heat source for this simulation

C-198



MVS, Inc. CJ.IMSIM VERSION ,. 1 FINAL FILING

Job No. -Sheet 3L. of ]/5o PAGE N0_

Job Title --- L-flff L 'Arz56SDESIGNED BY.-_ 3_ DATE __________

Descrigpt ione jo _hQ 4ht |JJ ie-,h4e r -- CHECKED BY DATE ...........

Predicted Environments 56-54 waste main
- ---------------------

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont . hum heat tMp

(m) (C) (C) Cg/kg) C%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) MC)
_______________________________________________________________________________

0
50

101
151
201
251
302
352
402

37.24
36.56
35.96
35.43
34.95
34.50
34.08
33.70
33.33

21. 32
21. 18
21.04
20.92
20. 80
20.70
20.61
20.52
20. 44

10.83
10.87
10.91
10.95
10. 9g
11.03
11.06
11.10
11.13

24. 94
25.99
26. 95
27.85
28. 70
29.52
30.31
31.07
31. 81

92. 650
S2. 650
92. 650
92.650
92. 650
92. 650
92. 650
92. 650
92. 650

1.033
1.033
1.035
1.037
1.039
1.040
1.042
1.043
1.045

64.28
63.69
63. 19
62.75
62. 35
61.99
61.66
61.35
61.07

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

486
500
504
509
513
517
521
524
528

86. 10
25.39
25. 18
24.97
24. 78
24.60
24.43
24.27
24. 12

26.25
25.94
25.66
25.40
25. 16
24.94.
24.73
24.53
24. 34
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VIYS, Inc. CLIMSIM VERSION L1 FINAL FILING

Job No. ____ - - - ----- Sheet 4? of -5 PAGE ND.

Job Title 4 b, QLLJiAV~f _ DESIGNED BYt_9St,,^*DATE J/04L.

Descriptions CHECKED BY s:°G1e DATE blp;__

Initial varameters for the prediction of heat and humidity

Physical description of 21-lhd heading panel access

Length 323.5 m, Depth in = 311 m, Depth out 311 m
Perimeter - 18.26 m, Cross-sectional area - 22.02 m^2
Wetness factor .02 , Airway friction coefficient = .013 kg/mn3,
Age at inlet 10512 (hrs), Age at outlet 10519 (hrs)

Ventilation at intake
____________________

Quantity 22.6 (m^3/s), Pressure - 92.65 (kPa)
Wet bulb temp. - 16.93 Deg C, Dry bulb temp. = 25.12 Deg C

Thermal Parameters
------------------

V.R.T. at inlet - 25 Deg C, Geothermal step = 20.7 M/Deg C
Conductivity - 2.070 W/m/Deg C, Diffusivity 0.003300 m^2/hr
Heat transfer coefficient = 47.232 kJ/hr/m/Deg C

Distance between temperature outputs 50 m - 6 output stations

Heat Sources

Virgin rock temperature is the only heat source for this simulation

C-201



MVS, Inc

Job No.

.. CLIMSIM VERSION 1.1

3696 ---------- Sheet of

FINAL FILING
.PAGE NO.

Job Tit le /% C'62 5,2,a/r DESIGNED BY:z-Mlath

Descriptiont __As /0 IjopAz CHECKED BY * 6,B,_

DATE -------- _,-

DATE ______ __

________________________________________________________________-____________-__

Predicted Environment: 21-lhd heading panel access

dist dry wet moist rel pres den sigma vrt acp wbgt. ef
bib bib cont hum heat trap

(m) (C) - (C) (g/kg) tO (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C).
…_______________________ _______________________ _______________________- …-_ ---_

0
54

108
162
216
270
324

25. 12
25.03
24. 94
24. 86
24. 78
24. 70
24. 62

16. 93
16.93
16. 53
16.93
16. 93
16.93
16. 93

9.82
9.85
9.89
9.93
9.96

10. 00
10.04

45. 14
45.55
45.96
46.36
46.75
47. 14
47.53

92.650
92. 649
92. 649
92.648
92.648
92. 647
92. 647

1.075
1.075
1 .076
1 .076
1.'076
1.076
1.077

49.55
49.55
49.56
49.56
49.57
49.58
49.59

25.0
25.0
25.0
25.0
25.0
25.0
25.0

945
945
945
g45
945
946
946

19. 39
19.39
19. 36
19.33
19.31
19.29
19. 26

17. E
17.'
17.:
17. 4
17.3
17.3
17. 2

C-202



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. ------- L __ _____-Sheet ofPAG NO.

Job Title It1,6iA24IDESIGNED BYs_)L% r-1SDATE k .
Descriptions . J . Zre fie d CHECKED BY : PG&1U DATE

Initial parameters for the prediction of heat and humidity

Physical description of LHD HEADING
____________________

Length 201 m, Depth in 311 m, Depth out - 311 in
Perimeter = 20.63 m, Cross-sectional area = .28.34 m"2
Wetness factor = .05 , Airway friction coefficient - .013 kg/m'3
Age at inlet 10512 (hrs), Age at outlet 10 (hrs)

Ventilation at intake

Quantity = 16.34 (mrn3/s), Pressure 92.65 (kPa)
Wet bulb temp. = 16.93 Deg C, Dry bulb temp. 24.62 Deg C

Thermal Parameters
__________________

V.R.T. at inlet a 25 Deg C, Geothermal step 20.7 m/Deo C
Conductivity 2.070 W/m/Deg C, Diffusivity 0.003300 m^2/hr
Heat transfer coefficient - 26.534 kJ/hr/m/Deg C

Distance between temperature outputs 25 m - S output stations

Heat Sources
____________

Equipment spot heat sources

No. Distance from Full load Percent utilization Diesel or
intake (m) power output (kW) at equiv. full load Electric

I 100 207.00 35.0 Diesel
Amount of water emitted by diesel = 3 liters water/liter fuel
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. ------ Sheet i of 1 PRGE NO

Job Title i-A tZb'JtQ&IJ A AS DESIGNED BYaDV>I , DATE ----------

fi Descriptions JO 4 _ktJaa2&kpq24ECKED BY a.-G. t. DATE ----------

______________________________________________________________________________

Predicted Environments LHD HEADING

dist dry wet moist rel pres den sigma vrt acp wbot eff
bib bib cont hum heat tMp

(M) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
______________________________________________________________________________

0 24.62
25 24.54
50 24.46
75 24.39

After spot
101 33.20
126 32.97
151 32.76
176 32. 55
201 32.35

16. 93
16.93
16. 93
16.93
source
20.41
20. 41
20.41
20. 39
20.37

10.02
10. 06
10.10
10. 13
no. 1
11. 21
11.27
1 1. 32
II. 3a
1 1. 44

47.47 92. 650
47.86 92.650
48.26 92. 650
48.64 92. 650
sensible heat -
32.26 92.650
32.83 92. 650
33.40 92.650
33.96 92.650
34.52 92. 649

1.077 49.55 25.0 764
1.077 49.56 25.0 764
1.077 49.57 25.0 764
1.078 49.58 25.0 764
160.60 kW, latent heat -

1.077 61.11 25.0 673
1.046 61.03 25.0 634
1.047 60.96 25.0 635
1.048 60.89 25.0 636
1.048 60.82 25.0 637

19. 24 18. 004
19.24 17.95
19.22 17.90
19.20 17.85
44. 43 kW

21.62 24.05
24.12 23.95
24.06 23.86
23.99 23.75
23.92 23.65
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. 1 Ax Sheet A2 of l PAGN

Job Title 24 S lj DESIGNED BY: uM 1anwrDATE _

Description: r CHECKED BY s £R DATE _[J7]J_

Initial parameters for the prediction of heat and humidity

Physical description of LHD-BOLTER ACCESS W/BELT
__ _______________--

Length = 38.4 m, Depth in = 311 m, Depth out - 311 M
Perimeter 22.65 m, Cross-sectional area m 20.16 m 2
Wetness factor = .02 , Airway friction coefficient = .013 kg/mrn3
Age at inlet 10512 (hrs), Ace at outlet 10512 (hrs)

Ventilation at intake
_____________________

Quantity 21.1 (mn%3/s)j Pressure 92.65 (kPa)
Wet bulb temp. - 19.5 Deg C, Dry bulb temp. - 30.5 Dec C

Thermal Parameters

V.R.T. at inlet = 25 Deg C, Geothermal step - 20.7 m/Deg C
Conductivity - 2.070 W/m/Deg C, Diffusivity - 0.003300 m^2/hr
Heat transfer coefficient 48.166 kJ/hr/m/Deg C

Distance between temperature outputs 5 in - 8 output stations

Heat Sources

Spot heat sources

No, Distance From Sensible Heat
intake end {m) Load MkW)

1 0 13

Equipment spot heat sources

No. Distance from Full load Percent utilization Diesel or
intake (m) power-output MkW) at equiv. full load Electric

…________________________--- - ------------------ _ ------------- ------ -- -----

2 0. 112.00 35.0 Electric

Linear heat sources

No.. Distance from Sentible Heat Length of
intake enc cm) Load MkW) Source cm)

1 0 29.40 38
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No.' ---------- _ Sheetito of _t 0
Job Tit le vt _ _ &. aZ4 tESIGNED BY:

Descriptions ___ 1 o y CHECKED BY i. £ B
DATE _________

DATE _________

_____________________________________________________________________________-

Predicted Environments LHD-BOLTER ACCESS W/BELT

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(rn) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
________,___________ ______________________________________________.----------..

0 30.50 19.50 10.99
After spot source no. 1
Start linear source no.
After spot source no. 2

5 33.03 20.23 11.00
10 33.16 20.27 11.01
14 33.29 20.31 11.02
19 33.41 20.36 11.02
24 33.54 20.40 11.03
29 33.67 20.44 11.04
34 33.80 20.48 11.04
38 33.92 20.52 11.05

36.88 92.650
sensible heat -
l sensible heat
sensible heat -
31.98
31.77
31.56
31.35
31. 15
30.95
30. 75
30.56

92.650
92.650
92. 650
92.650
92.650
92.650
92.650
92.649

1.056 57.87 25.0 842
13.40 kW, latent heat.-=

- 29.4 kW For 38.4 m
41.26 kW, latent heat

1.056 60.44 25.0 819
1.047 60.59 25.0 806
1.046 60.74 25.0 804
1.046 60.88 25.0 802
1.046 61.03 25.0 B00
1.045 61.18 25.0 798
1.045 61.32 25.0 796
1.044 61.47 25.0 794

22.80 21.9'
0.00 kW

0.00 kW
23.26 23.5;
24.03 23.6'
24.09 23.6
24.16 23.7i
24.23 23. B
24.29 23.9
24.36 24. 0
24.42 24.0
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MIVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No. ___ Sheet of

Job Title A BUD ESIQNED BY& Ltswt DATE _

Description: -_/ yO/Ž1'7e4L CHEC:KED DY X '06egS DATE _ 7

______________________________________________________________________________.

Initial parameters for the prediction of heat and humidity

Physical description of BOLTER HEADING
____________________

Length = 201 rnl Depth in = 311 mg Depth out 311 m
Perimeter - 20.63 mg Cross-sectional area - 28.34 m^2
Wetness factor - .05 , Airway friction coefficient .013 ka/m^3
Age at inlet 10512 (hrs), Age at outlet 16 (hrs)

Ventilation at intake
_____________________

Quantity - 6.7 (m`3/s), Pressure 92.65 (kPa)
Wet bulb temp. 20.52 Deg C, Dry bulb temp. = 33.92 Deg C

Thermal Parameters
-_________________

V.R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m^2/hr
Heat transfer coefficient = 10.880 kJ/hr/m/Deg C

Distance between temperature outputs 25 m - 8 output stations

Heat Sources

Equipment spot heat sources

No. Distance from Full load Percent utilization Diesel or
intake (m) power output (kW) at equiv. full load Electric

____________________1____5____157_______0______3_______0____E____ect_________c.

1 195 157.00 35.0 Electric
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MVS, Inc. CLIMSIM VERSION 1.1

64 qz. A/4
FINAL FILING
PAGE NO.

Sheet -IZ of /SbJob No.

Job Title e,_d i2, _JDES4GNDESIGNED BY DATE

Descriptions C/XL&t_ / 9(.t ZCHECKED BY 4 DATE ___

_______________________________________________________________________________

Predicted Environmenti BOLTER HEADING

dist dry wet moist rel pres den sigma vrt acp wbgt eff
blb blb cont hum heat tmp

(m) (C) (C) (9/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
…_____________________________________________________________________________

0 33.92 20.52 11.03 30.49 92.650 1.044 61.40 25.0 486
25 33.54 20.47 11.09 31.33 92.650 1.044 61.17 25.0 492
50 33.17 20.42 11.16 32.16 92.650 1.045 60.96 25.0 495
75 32.82 20.36 11.22 32.97 92.650 1.046 60.76 25.0 497

101 32.49 20.31 11.28 33.77 92.650 1.047 60.58 25.0 499
126 32.18 20.25 11.34 34.56 92.650 1.049 60.41 25.0 501
151 31.88 20.21 11.40 35.33 92.650 1.050 60.24 25.0 504
176 31.59 20.16 11.46 36.09 92.650 1.051 60.09 25.0 50£

After spot source no. 1 sensible heat - 57.84 kW, latent heat -
201 39.36 22. 33 11.51 23.64 92.650 1.052 68.10 25.0 461

24.54 24.69
24.16 24.51
24.03 24.33
23.90 24.16
23.78 24.00
23.66 23.84
23.55 23.68
23.44 23.54

0. 00 kW
24.89 27.48
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MVS, Inc. CLIMSIM VERSION.1.1 FINAL FILING

Job No. s3AiP . l-Sheet of PAGE NO.

Job Title is Ltby2L A 4n4DESIGNED BYz A 3 f, vr DATE

Descript ion: =fAl2,/ CHECKED BY iz 6 DATE

Initial parameters for the prediction of heat and humidity

Physical description of BOLTER-JUMBO PANEL ACCESS

Length - 3a. 4 mg Depth in 311 ml Depth out 311 m
Perimeter = 22.65 m. Cross-sectional area - 20.16 m12
Wetness factor - .02 , Airway friction coefficient - .013 kg/m'3
Age at inlet 10512 (hrs), Age at outlet 10512 (hrs)

Ventilation at intake

Quantity - 20.6 (m^3/s), Pressure = 92.65 hkPa)
Wet bulb temp. - 21.1 Dog C, Dry bulb temp. = 35.7 Dog C

Thermal Parameters
__________________

V.R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity - 0.003300 m^a2/hr
Heat transfer coefficient = 47.024 kJ/hr/m/Deg C

Distance between temperature outputs 5 m - a output stations

Heat Sources
____________

Linear heat sources

No. Distance from Sensible Heat Length of
intake end Cm) Load (kW) Source (m)

1 0 29.40 38
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MVS, Inc a CLIMSIM VERSION 1.1 FINAL FILING

3 W §?] Sheet i of I : PAGE NO.Job No.

Job Tit le ua ~ 1 /_ If -pESIGNED BYt_XL2>__Job Title _ 2 ,H
Description: L 2. fftCHECKED BY a _

DATE __________

DATE ...........

Predicted Environment s BOLTER-JUMBO PANEL ACCESS

dist dry
bib

Cm) (C)

wet
bib
(C)

moist
cont
(g/kg)

rel
hum
Cx)

pres den sigma vrt
heat

(kPa) (kg/m3) (kJ/kg) (C)

acp wbgt

(W/m2) (C)

eff
tmp
(C)

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

0 35.70 21.10 11.14
Start linear source no.

5 35.83 21.12 11.15
10 35.95 21.17 11.15
14 36.08 21. 21 11.16
19 36.21 21.25 11.17
24 36.33 21.29 11.18
29 36.46 21.33 1i.19
34 36.58 21.37 11.20
38 36.71 21.41 11.21

27.90 92.650
1 sensible heat
27. 73
27.56
27. 39
27.22
27. 05
26.89
26.73
26.57

92.650
92.650
92. 650
92.650
92.650
92.650
92.650
92.650

1.038
- 29.4
1.038
1.037
1.037
1.036
1.036
1.036
1.035
1.035

63.48
kW For
63.63'
63.78
63.93
64.07
64.22
64.37
64.52
64.66

25.0
38.4 m

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

755 25.48 25.14

756
754
752
749
747
745
743
741

25.39
25.46
25. 53
25.59
25.66
25.72
25. 79
25.85

25. 20
25.27
25.35
25.42
25.49
25.56
25.63
25.70
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MIVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. -------------- Sheet &off ,o PAGE NO.

Job Tit le a J e& Ii _&bVz2 -i/a& -- ESI GNED BY: 3fjCjaL~erDATE _ 54

Description: CHECKED BY DATE 517J& __

______________________________________________________________________________-

Initial parameters for the prediction of heat and humidity

Physical description of JUMBO HEADING
____________________

Length = 201 m, Depth in 311 mg Depth out = 311 Tfl

Perimeter = 20.63 m, Cross-sectional area - 28.34 m^2
Wetness factor = .05 , Airway friction coefficient = .013 kg/mrn3
Age at inlet 10512 (hrs), Age at outlet 24 (hrs)

Ventilation at intake
_____________________

Quantity = 6.7 (m13/s), Pressure 5 92.65 (kPa)
Wet bulb temp. = 21.41 Deg C, Dry bulb temo. 2 36.71 Deg C

Thermal Parameters
__________________

V.R.T. at inlet = 25 Deo C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m"2/hr
Heat transfer coefficient = 10.880 kJ/hr/m/Deg C

Distance between temperature outputs = 25 m - 8 output stations

Heat Sources
-___________

Equipment spot heat sources

No. Distance from Full load Percent utilization Diesel or
intake (m) power output (kW) at equiv. full load Electric

_______1_____5_____157.00_______________35.0___________Electr_________________.

X 195 157.00 35.0 Electric
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MVS, Inc. CLIMSIM VERSION 1.1

Job No. •I 2Ali

Job Title A L 12, &;/ - 4

Description.s _MM

FINAL FILING
PAGE NO.

Sheet 'Sof /:
ODESIGNED -Y_ --.- D-TE __

:ED BY : DATE

Predicted Environments JUMBO HEADING
_____________________

dist dry wet moist rel pres de* sigma vrt acp wbgt eff
blb blb cont hum heat tmp

(M) (C) (C) (g/kg) (%) (kPa) (kg/zm3) (kJ/kg) (C) (W/m2) (C) (C)
_______________________________________________________________________________

o 36.71 21.41 11.18 26.50 92.650 1.034 64.61 25.0 453
25 36.23 21.35 11.26 27.39 92.650 1.034 64.30 25.0 461
50 35.77 21.26 11.33 28.27 92.650 1.036 64.01 25.0 465
75 35.33 21.20 11.40 29.14 92.650 1.037 63.75 25.0 468

101 34.92 21.12 11.47 29.99 92.650 1.039 63.50 25.0 471.
126 34.52 21.06 11.54 30.83 92.650 1.040 63.26 25.0 474
151 34.14 21.00 11.60 31.67 92.650 1.041 63.04 25.0 477
176 33.78 20.94 11.67 32.49 92.650 1.043 62.83 25.0 479

After spot source no. 1 sensible heat - 57.84 kW, latent heat e
201 41.55 23.05 11.73 21.43 92.650 1.044 70.87 25.0 435

26.00 26.15
25.51 25.95
25.33 25.74
25.17 25.55
25.01 25.35
24.87 25.17
24.73 24.99
24.59 24.82

0.00 kW
25.98 28.49
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KVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. 3-------l---- Sheet j5: of PAGE NO.

Job Title t. PESIGNED BY:.S_>L|zxr DATE _ t.

Description: __ _ 4 ?J22CHECKED BY :f2 y-N DATE

__________________________ ___________________________________________________.

Initial parameters for the prediction of heat and humidity

Physical description of JUMBO HEADING.TO 54
____________________

Length = 60.97 m, Depth in 311 m, Depth out - 311 m
Perimeter = 22.65 m, Cross-sectional area - 20.16 m^2
Wetness factor .02 , Airway friction coefficient - .013 kg/m'3
Ape at inlet 10512 (hrs), Age at outlet 10512 (hrs)

Ventilation at intake
_____________________

Quantity - 20.6 (M13/s), Pressure = 92.65 (kPs)
Wet bulb temp. = 21.94 Deg C, Dry bulb temp. = 38.28 Deg C

Thermal Parameters
__________________

V.R.T. at inlet = 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity 0.003300 m12/hr
Heat transfer coefficient - 47.024 kJ/hr/m/Deg C

Distance between temperature outputs = 25 m - 2 output. stations

Heat Sources
____________

Linear heat sources

No. Distance from Sensible Heat Length of
intake end (i) Load (kW) Source (m)

…___________________________________________________________

1 0 46.64 61
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?4VS, Inc.

Job No. -

CLIMSIM VERSION 1.1

_-U& -- -- --- --

F

Sheet .dj of 15

Job Title tim e z.AV2 ESISNED BY: _D-

Description. z_ _yrJ2 JLt4/.1Lz CHECKED BY : _6R __

-INAL FILING
3AGE NO.

DATE __________

DATE __________

Predicted Environments JUMBO HEADING TO 54

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

tm) (C) (C) (g/kg) t%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
_______________________________________________________________________________

0 38.28 21.94 11.33
Start 1 inear source no.

30 39.04 22.17 11.39
61 39.79 22.41 11.45

24.66
1 sens i
23. 79
22.97

92. 650
ble heat
92. 650
92.649

1. 029 66.57
= 46.64 kW For
1.029 67.49
1.026 68.40

25.0 712
60. 97 m
25.0 706
25.0 693

26.84 26.56

26.8a 26.94
27.27 27.32
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Job No. X 41-----
Job Title * t v _ &ty

Descri pt ionX _: lo - f -4

FINAL FILING

Sheet I of PG

SDESIGNED BYsI.1& ZmtrDATE _

CHECKED BY a <&oQ6Q DATE

______________________________________________________________________________-

Initial parameters for the prediction of heat and humidity

Physical description of 54-74

Length 20 m, Depth in - 311 in, Depth out 311 m
Perimeter = 22.65 m, Cross-sectional area - 20.16 ml2
Wetness factor - .02 , Airway friction coefficient .013 kg/m^3
Age at inlet 10512 (hrs), Age at outlet 10512 (hrs)

Ventilation at intake
_____________________

Quantity = 18.45 (m^3/s), Pressure 1 2.65 (kPa)
Wet bulb temp. - 21.67 Deg C, Dry bulb temp. 37.37 Deg C

Thermal Parameters

V.R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity 2.070 W/m/Deg C, Diffusivity 0.003300 m12/hr
Heat transfer coefficient = 42.117 kJ/hr/m/Deg C

Distance between temperature outputs -5 m - 4 output stations

Heat Sources
____________

Linear heat sources

No. Distance from
intake end (M)

________________________________

Sensible Heat
Load (kW)

15.30

Length of
Source (t)

20

___

I 0
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Job No. _ " I A Sheet _ of L2)

FrINAL FILING
3AGE NO. ----

DATE ____

DATE ----------

Job Ti t 1e l2~d�e 2Z.6-cLeo-I z1L4&S DESIGNED BYs__ .__

Descr i pt ion:s 1OLK jLJX2f * CHECKED BY : AL.R.

Predicted Environments 54-74
_____________________

dist dry wet moist rel pros den sigma vrt acp wbgt off
bib bib cont hum heat tmp

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) CC) (W/m2) (C) (C)
______________________________________________________________________________.

0 37.37 21.67 11.30 25.83 92.650 1.032
Start linear source no. 1 sensible heat - 15.3

5 37.52 21.69 11.31 25.65 92.650 1.032
10 37.66 21.74 11.32 25.47 92.650 1.032
15 37.80 21.79 11.33L25.29 92.650 1.031
20 37.95 21.84 11.34 25.12 92.650 1.031

65.57 25.0
kW For 20 m
65.74 25.0
65.91 25.0
66.08 25.0
66.24 25.0

692 26.38 26.13

694
691
689
687

26. 27
26.35
26.42
26.49

26. 20
26.2a
26.36
26. 43
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. 3(6 Q?6,4//f Sheet / Of PAGE NO.

Job Title !"Ldf twnyA&/y ? DESIGNED BY: D1'tnse DATE W4Z&/&

Description: /16 rt ahjL ??Paye CHECKED BY :(i9RO6045 DATE ______

Initial parameters for the prediction of heat and humidity

Physical description of 53-51 WASTE MAIN
____________________

Length = 402 mi, Depth in = 311 m, Depth out 5 311 m
Perimeter = 22.62 n, Cross-sectional area = 39.48 m-2
Wetness factor = .02 , Airway friction coefficient = .0111 kg/mi3
Age at inlet 17520 (hrs), Age at outlet 17520 (hrs)

Ventilation at intake
_____________________

Quantity = 41.2 (m-3/s), Pressure = 92.6 (kPa)
Wet bulb temp. = 22.14 Deg C, Dry bulb temp. = 38.92 Deg C

Thermal Parameters

V.R.T. at inlet = 25 Deg C, Geothermal step 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity 0.003300 m-2/hr
Heat transfer coefficient = 41.006 kJ/hr/m/Deg C

Distance between temperature outputs = 50 m - 8 output stations

Heat Sources
V nt e e t l t r r s l

Virgin rock temperature is the only heat source for this simulation
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PAGE NO.

Job No. __ __ _ _ _ _ Sheet 4.2 of 1
Job Title kobd i £d,? Ir 5 01jPA DESIGNED BY: .JL DATE

Description: //) (vve CHECKED BY : DATE

Predicted Environment: 53-51 WASTE MAIN
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
___________- ------------- …-------------_-_- M--_ --- -------- _ -M------…__ _ _ _

0 38.92 22.14 11.38 23.92 92.600 1.026 67.35 25.0 708 27.17 26.88
50 38.69 22.12 11.43 24.31 92.600 1.026 67.22 25.0 710 27.03 26.78

101 38.46 22.09 11.47 24.70 92.599 1.027 67.10 25.0 713 26.94 26.68
151 38.24 22.06 11.51 25.09 92.599 1.028 66.98 25.0 714 26.86 26.59
201 38.02 22.02 11.56 25.48 92.599 1.028 66.86 25.0 717 26.76 26.48
251 37.81 22.00 11.60 25.87 92.599 1.029 66.74 25.0 718 26.68 26.39
302 37.59 21.96 11.64 26.26 92.598 1.030 66.63 25.0 721 26.59 26.29
352 37.38 21.94 11.68 26.65 92.598 1.031 66.51 25.0 722 26.52 26.20
402 37.18 21.90 11.72 27.05 92.598 1.031 66.40 25.0 725 26.43 26.10
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No. 3 6 416 /cS/ Sheet 'of /,Q
Job Title 14S , ii , / /44e )ESIGNED BY: karqrDATE 4/ft/1l

Description: /6 cs A 1 CHECKED BY : -a lO 6-4. DATE

Initial parameters for the prediction of heat and humidity

Physical description of R3 lf

Length = 431 m, Depth in = 311 m, Depth out = 311 m
Perimeter = 15.77 m, Cross-sectional area = 17.19 m-2
Wetness factor = .02 , Airway friction coefficient = .013 kg/m^3
Age at inlet 18396 (hrs), Age at outlet 18396 (hrs)

Ventilation at intake
-_--_---_---_-- -----
Quantity = 21.14 (m"3/s), Pressure = 92.65 (kPa)
Wet bulb temp. = 16.93 Deg C, Dry bulb temp. 24.9 Deg C

Thermal Parameters
___ --- a----__---_
V.R.T. at inlet = 25 Deg C, Geothermal step 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m-2/hr
Heat transfer coefficient = 56.595 kJ/hr/m/Deg C

Distance between temperature outputs = 50 m - 9 output stations

Heat Sources
____________

Virgin rock temperature is the only heat source for this simulation



MVS, Inc. CLIMSIM VEXSION 1.1 FINAL FILING
PAGE NO.

Job No. 36, /64/ Sheet tw of P

Job Title 1// . (%/i? Aw>YSi DESIGNED BY: D tp. DATE

Description: /0,,j. Y e CHECKED BY :6J?0 DATE _

,9-/29 %gY'4.ie /A C.r:-
Predicted Environment: :

dist dry wet moist rel pres den sigma vrt acp wbgt eff
blb blb cont hum heat tmp

Im) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
- -- --…- - --- - -…-… - - - - - - - - - - - - - - - - -- - - -

0 24.90 16.93 9.91 46.15 92.650 1.076 49.55 25.0 1020 19.32 17.14
48 24.82 16.93 9.94 46.54 92.649 1.076 49.56 25.0 1020 19.32 17.07
96 24.74 16.93 9.98 46.93 92.648 1.076 49.56 25.0 1020 19.30 17.01

144 24.66 16.93 10.01 47.31 92.648 1.077 49.57 25.0 1020 19.27 16.95
192 24.58 16.93 10.05 47.69 92.647 1.077 49.58 25.0 1021 19.25 16.89
239 24.51 16.93 10.08 48.06 92.646 1.077 49.59 25.0 1021 19.23 16.83
287 24.44 16.93 10.12 48.43 92.645 1.077 49.60 25.0 1021 19.21 16.78
335 24.37 16.93 10.15 48.80 92.645 1.078 49.61 25.0 1021 19.19 16.72
383 24.30 16.93 10.18 49.16 92.644 1.078 49.62 25.0 1021 19.17 16.67
431 24.23 16.93 10.22 49.52 92.643 1.078 49.63 25.0 1021 19.15 16.61



4VS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
-~~~~~~aAI ~~~~~PAGE NO.

Job No. -3696A/;/ Sheet of / PGN

Job Title g// V% , at4 im DESIGNED BY: _<V) qt~ntrDATE

Description: / @ 1t9 ,,, /o~me2 CHECKED BY : clK AO&v$ DATE EJ11kC

Initial parameters for the prediction of heat and humidity

Physical description of 129-128 DRILLING EMP. ROOM
____________________

Length = 201 m, Depth in = 311 m, Depth out 311 m
Perimeter = 20.63 mi, Cross-sectional area = 28.34 m 2
Wetness factor = .05 , Airway friction coefficient = .013 kg/m 3
Age at inlet 8760 (hrs), Age at outlet 8760 (hrs)

Ventilation at intake

Quantity = 9.44 (m 3/s), Pressure = 92.65 (kPa)
Wet bulb temp. = 16.93 Deg C, Dry bulb temp. = 24.23 Deg C

Thermal Parameters
__________________

V.R.T. at inlet = 25 Deg C, Geothermal step 20.7 m/Deg C
Conductivity 2.070 W/m/Deg C, Diffusivity 0.003300 m'2/hr
Heat transfer coefficient = 15.329 kJ/hr/m/Deg C

Distance between temperature outputs = 25 m - 8 output stations

Heat Sources
____________

Equipment spot heat sources

No. Distance from Full load Percent utilization Diesel or
intake (m) power output (kW) at equiv. full load Electric

-_______________________________- --------- --------------------- ________________

1 50 321.00 25.0 Electric
2 175 404.00 25.0 Electric
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Job No.

CLIMSIM VERSION 1.1

%&6 4G6 S9/4/

FINAL FILING

Sheet l of /3t PAGE NO.

Job Title tka.d. emnw & A zz4X/j DESIGNED BY: T\vg DATE

Description: /M Dn-z 7 f,; A r CHECKED BY : , .R . DATE _

Predicted Environment: 129-128 DRILLING EMP. ROOM
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
blb blb cont hum heat tmp

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
___- … --------------- flW -----__ _ _ _ _- ----- -------------------------- …--__ -_ --

0 24.23
25 24.17

After spot
50 32.21
75 31.93

101 31.65
126 31.39
151 31.13

After spot
176 41.07
201 40.54

16.93
16.93
source
19.46
19.46
19.42
19.38
19.34
source
22.16
22.11

10.18
10.22
no. 1
10.26
10.32
10.38
10.43
10.49
no. 2
10.55
10.64

49.36 92.650
49.71 92.650
sensible heat =
31.26 92.650
31.94 92.650
32.62 92.650
33.30 92.650
33.97 92.650
sensible heat =
19.80 92.650
20.53 92.650

1.078 49.55 25.0 652
1.078 49.58 25.0 652

84.47 kW, latent heat =
1.079 57.79 25.0 600
1.050 57.65 25.0 566
1.051 57.52 25.0 568
1.052 57.40 25.0 569
1.053 57.28 25.0 571
106.32 kW, latent heat =

1.054 67.47 25.0 509
1.020 67.15 25.0 465

19.12 18.18
19.14 18.14

0.00 kW
20.90 23.41
23.07 23.29
22.96 23.15
22.86 23.01
22.76 22.88

0.00 kW
24.67 27.89
27.32 27.70
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Job N~o. 3G96 //G/Sheet 2 Of / -PAGE NO.

job Title eQW.#' 46d 11 0 LS ESIGNED BY: jCtitujr DATE LX/L.

Description: 1) r.a#o ftCHECKED BY : QZR06?O~t- DATE

Initial parameters for the prediction of heat and humidity

Physical description of 129-113 KID PANEL ACCESS
--------------------

Length = 60.96 m, Depth in = 311 m, Depth out 311 m
Perimeter = 15.77 m, Cross-sectional area = 17.19 m^2
Wetness factor = .02 , Airway friction coefficient .013 kg/m-3
Age at inlet 18396 (hrs), Age at outlet 18396 (hrs)

Ventilation at intake

Quantity = 9.44 (m-3/s), Pressure 92.65 (kPa)
Wet bulb temp. = 16.93 Deg C, Dry bulb temp. = 24.23 Deg C

Thermal Parameters
__________________

V.R.T. at inlet = 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m^2/hr
Heat transfer coefficient = 25.272 kJ/hr/m/Deg C

Distance between temperature outputs = 15 m - 4 output stations

Heat Sources
Vr t e e t l t r r s l

virgin rock temperature is-the only heat source for this simulation
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No. _____/ Sheet _ of _PAGENO.

Tob Title t'eafZ (% 1?4 & L/aA &UDESIGNED BY: ) . DATE

Description: / ,- jbt nsxt CHECKED BY DATE

Predicted Environment: 129-113 MID PANEL ACCESS

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
__________________________ __________________________ _____________________ -___

0 24.23
15 24.21
30 24.20
46 24.18
61 24.16

16.93
16.93
16.93
16.93
16.93

10.18
10.19
10.21
10.22
10.23

49.36
49.46
49.56
49.66
49.76

92.650
92.650
92.650
92.650
92.650

1.078
1.078
1.078
1.078
1.079

49.55
49.56
49.57
49.58
49.59

25.0
25.0
25.0
25.0
25.0

753
753
753
753
753

19.12 17.79
19.13 17.78
19.13 17.76
19.12 17.75
19.12 17.74
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HVS, Inc. CLINSIM VERSION 1.1 FINAL FILING

Job No. _ _ /_6 _ _ __/ _ ____Sheet of ,R PAGE NO.
Job Title WAY-1. - 6 DESIGNED BY: f DATE

Description: / $G n /t~fitZ CHECKED BY :6 (RIGZS DATE-' 7

Initial parameters for the prediction of heat and humidity

Physical description of 113-112 DRILLING
…___________________

Length = 201 m, Depth in - 311 m, Depth out 311 m
Perimeter = 20.63 m, Cross-sectional area = 28.34 m-2
Wetness factor = .05 , Airway friction coefficient .013 kg/m-3
Age at inlet 8760 (hrs), Age at outlet 8760 (hrs)

Ventilation at intake
_____________________

Quantity = 9.44 (m-3/s), Pressure = 92.65 (kPa)
Wet bulb temp. = 16.93 Deg C, Dry bulb temp. = 24.16 Deg C

Thermal Parameters
__________________

V.R.T. at inlet = 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m-2/hr
Heat transfer coefficient = 15.329 kJ/hr/m/Deg C

Distance between temperature outputs = 50 m - 4 output stations

Heat Sources

Equipment spot heat sources

No. Distance from Full load Percent utilization Diesel or
intake (m) power output (kW) at equiv. full load Electric

…_____________________________________________________________________------___

1 175 321.00 25.0 Electric
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. e3V G r c/ / Sheet _ of 1 PAGE NO.

Job Title &/ZaC A-n4 &^Asa arw 6SDESIGNED BY: DATE

Description: /O c ,j v CHECKED BY : 4 9 DATE

Predicted Environment: 113-112 DRILLING
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
blb bib cont hum heat tmp

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
…___________- --_________________________-…--…_________________________________

0 24.16 16.93 10.21 49.70 92.650 1.079 49.55 25.0 652 19.10 18.13
50 24.04 16.93 10.28 50.41 92.650 1.079 49.61 25.0 652 19.12 18.06

101 23.93 16.95 10.36 51.09 92.650 1.079 49.67 25.0 652 19.10 17.99
151 23.83 16.96 10.43 51.75 92.650 1.079 49.73 25.0 652 19.09 17.93

After spot source no. 1 sensible heat = 84.47 kW, latent heat = 0.00 kW
201 31.82 19.51 10.49 32.68 92.650 1.080 57.98 25.0 599 20.84 23.26
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Job No.

CLIMSIM VERSION 1.1

.3 ai 4/6/

FINAL FILING
PAGE NO.

Sheet Z4 of t-M
7Qnb Title Z&oo- ,Cm &O /ZM An,&,yj DESIGNED BYF 1:ii$>wrDATE

Eription: /0 tI r ner7V0j CHECKED BY : 0 6 t Is DATE

Initial parameters for the prediction of heat and humidity

Physical description of 128-112 panel access
-___________________

Length = 43 mA, Depth in =- 311 m, Depth out = 311 m
Perimeter = 22.65 m, Cross-sectional area = 20.16 m-2
Wetness factor = .02 , Airway friction coefficient = .013
Age at inlet 19272 (hrs), Age at outlet 19272 (hrs)

kg/m-3

Ventilation at intake
_____________________

Quantity = 15.34 (m-3/s),
Wet bulb temp. = 20.17 Deg

Pressure = 92.65 (kPa)
C, Dry bulb temp. = 34.42 Deg C

Thermal Parameters

V.R.T. at inlet = 25 Deg C, Geothermal step =
Conductivity = 2.070 W/m/Deg C, Diffusivity =
Heat transfer coefficient = 35.017 kJ/hr/m/Deg

Distance between temperature outputs = 5 m -

20.7 m/Deg C
0.003300 mn2/hr
C

9 output stations

Heat Sources
______ _____

Spot heat sources

No. Distance From Sensible Heat
intake end (m) Load (kW)

_______________________ _______________________

1 0 13

Linear heat sources

No. Distance from Sensible Heat Length of
intake end (m) Load (kW) Source (m)

…___ ___ ___ ___-_- ______ ______ _____--_-_------ _- ______ _____

1 0 41.70 43
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Job No. _ 3 LAM- ----------------_Sheet, of /S

Job Tit le , Et 4,jA2?4 b yES I NED B UPDATE /1ifh .
Description: CHECKED BY : … DATE slit7_.

…--------------------------------------------------------------__------------

Initial parameters for the prediction of heat and humidity

Physical description of 112-51 PANEL ACCESS
____________________

Length = 61 m, Depth in = 311 m, Depth out - 311 m
Perimeter - 22.65 m, Cross-sectional area - 20.16 mnv2
Wetness factor = .02 , Airway friction coefficient .013 kg/rnt3
Age at inlet 19272 (hrs)q Age at outlet 19272 (hrs)

Ventilation at intake
_____________________

Quantity 24.8 (min3/s), Pressure 92.65 CkPa)
Wet bulb temp. = 20.45 Deg C, Dry bulb temp. = 35.07 Deg C

Thermal Parameters
__________________

V. R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity 2.070 W/m/Deg C, Diffusivity = 0.003300 m12/hr
Heat transfer coefficient = 56.612 kJ/hr/m/Deg C

Distance between temperature outputs 15 m - 4 output stations

Heat Sources
_______----:

Linear heat sources

No. Distance from Sensible Heat Length of
intake end (m) Load MkW) Source (m)

1 0 59.50 61
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Job No. _ £ U _ _ _ _ _ Sheet o f PAGE NO.

Job Title _ DESIGNED BY: D32D DATE

Description: J4LfX 2 eLJG4ort§f1I CHECKED BY DATE ----------

______________________________________________________________________________-

Predicted Environmentz 112-51 PANEL ACCESS
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(mn) (C) (C) (-g/kg) CX) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-

0 35.07 20.45 10.45 27.13 92.650
Start linear source no. 1 sensible heat

15 35.53 20.58 10.47 26.52 92.650
31 35.98 20.72 10.50 25.94 92.649
46 36. 43 20.87 10.53 25.37 92.649
61 36.87 21.01 10.56 24.82 92.649

1.040
= 59.5
1.040
1.039
1.037
1.036

61.15
kW For
61.68
62.20
62.73
63.24

25.0 850 24.64 24.45
61 m
25.0
25.0
25.0
25.0

847
839
831
824

24.86 24. 71
25.09 24.97
25.33 25.23
25.56 25.48
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No. ---------A1 Sheet Ua Of _I-
Job Title Lenij- k d DESIGNED BY: 2 .) nncrDATE rt/,A _,

Description: J{< b L o v ert CHECKED BY :_ ?oG(1s DATE 7__

Initial parameters for the prediction of heat and humidity

Physical description of 51-72
___ ________________

Length = 20 m, Depth in 311 m, Depth out 311 m
Perimeter = 22.65 m, Cross-sectional area = 20.16 m"2
Wetness factor = .02 , Airway friction coefficient .013 kg/mA3
Age at inlet 19272 (hrs), Age at outlet 19272 (hrs)

Ventilation at intake
_____________________

Quantity - 18.12 (m^3/s), Pressure = 2.65 (kPa)
Wet bulb temp. - 21.6 Deg C, Dry bulb temp. = 37.06 Deg C

Thermal Parameters
__________________

V. R. T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m-2/hr
Heat transfer coefficient = 41.363 kJ/hr/m/Deg C

Distance between temperature outputs 5 m - 4 output stations

Heat Sources
____________

Linear heat sources

No. Distance from Sensible Heat Length of
intake end (m) Load CkW) Source (m)

_______________________0______1______________0_______2______

I 0 19.50 20
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Job No>. 3>g4Xu---------- Seet ] of kv PAGE NO.

Job Title te eZ30e-i3 2rf l2A9--9 424&S DES GNED DYsQ)%__ DATE …

Descriptions AL4ee, CHECKED BY - -DATE

______________________________________________________________________________

Predicted Environment: 51-72
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(M) (C) (C) (U/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)

0 37.06 21.60 11.32 26.32 92.650 1.033 65.31 25.0 691 26.24 25.99
Start linear source no. 1 sensible heat = 19.5 kW For 20 m

5 37.27 21.65 11.33 26.05 92.650 1.033 65.54 25.0 691 26.16 26.09
10 37.48 21.71 11.34 25.78 92.650 1.032 65.77 25.0 688 26.26 26.20
15 37.68 21.77 11.35 25.51 92.650 1.032- 66. 01 25.0 685 26. 37 26. 31
20 37.89 21.83 11.36 25.25 92.650 1.031 66.24 25.0 682 26. 47 26. 41
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No.._Jz 6 <za A_____________ Sheet of PAGE NO.

Job Tit le Ax Ax /AJ 4SDESIGNED BY% .&stmsr DATE 046094C

Descript iont AL 1 I i 4p CHECKED BY a ,_f e2,- DATE i/7h ..

Initial parameters for the prediction of heat arid humidity

Physical description of 51-49 WASTE MAIN
____________________

Length = 227 M, Depth in = 311 m, Depth out - 311 m
Perimeter = 22.62 m, Cross-sectional area = 39.48 m12
Wetness factor = .02 , Airway friction coefficient - .0111 kg/mn"3
Age at inlet 20148 (hrs), Ape at outlet 20148 (hrs)

Ventilation at intake
_____________________

Quantity 48 (Mn3/s), Pressure 92.65 CkPa)
Wet bulb temp. = 21.6 Deg C, Dry bulb temp. = 37.06 Deg C

Thermal PParamet ers
__________________

V. R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Dep C, Diffusivity - 0.003300 m^2/hr
Heat transfer coefficient = 47.774 kJ/hr/m/Deg C

Distance between temperature outputs 25 E nn - 9 output stations

Heat Sources
V nt e e t l t r r s l

Virgin rock temperature is the onily heat source for this simulation
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. 3- ---------- Sheet g of / PAGE NO.

Job Title t v 2 L 4A A _ e DESIGNED BY: 3* DATE ----------

Description: CHECKED BY .6 R. DATE

Predicted Environment: 51-49 WASTE MAIN

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmni

Cm) (C) (C) (g/kg) (%) (kPa) (kg/m3) CkJ/kg) (C) (W/m2) (C) (C)
---------------------------------------------------------------------------- …-

0 37.06 21.60 11.32 26.32 92.650 1.033 65.31 25.0 789 26.24 25.83
25 36.97 21.60 11.34 26.50 92.650 1.033 65.26 25.0 790 26.14 25.79
50 36.88 21.59 11.36 26.68 92.650 1.033 65.22 25.0 791 26.11 25.74
76 36.78 21.58 11.38 26.86 92.649 1.034 65.17 25.0 792 26.07 25.7C
101 36.69 21.56 11.40 27.04 92.649 1.034 65.13 25.0 793 26.04 25.66
126 36.60 21.55 11.42 27.22 92.649 1.034 65.09 25.0 793 26.00 25.61
151 36.51 21.54 11.44 27.40 92.649 1.035 65.04 25.0 794 25.97 25.57
177 36.42 21.53 11.46 27.58 92.649 1.035 65.00 25.0 795 25.93 25.53
202 36.34 21.52 11.48 27.76 92.648 1.035 64.96 25.0 796 25.90 25.48
227 36.25 21.50 11.50 27.94 92.648 1.035 64.92 25.0 797 25.87 25.44
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Job No. _ 364( o6 ___ Sheet of l 2 PAGE NO.

Job Title XL{_P 2L b; // + ys Ax DESIGNED BY: F nhtDATE _

Description: ' CHECKED BY : to(At DATE

______________________________________________________________________________

Initial parameters for the prediction of, heat and humidity

Physical description of 17-127 PANEL ACCESS
____________________

Length = 550 m, Depth in - 311 m, Depth out 311 m
Perimeter = 18.26 m, Cross-sectional area - 22.02 m^2
Wetness factor = .02 , Airway friction coefficient - .013 kg/m^3
Age at inlet 21024 (hrs), Age at outlet. 21024 (hrs)

Ventilation at intake
_____________________

Quantity = 22.9 (m"3/s), Pressure = 92.65 (kPa)
Wet bulb temp. = 16.93 Deg C, Dry bulb temp.. 2 4.67 Deg C

Thermal Parameters
__________________

V.R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity 0.003300 m^2/hr
Heat transfer-coefficient = 47.859 kJ/hr/m/Deg C

Distance between temperature outputs 50 m - 11 output stations

Heat Sources
V nt e e ty t r r sl

Virgin rock temperature is the only heat source for this simulation
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PAGE NO._

Job No. Sheet 2Q of PGN

Joo Title DESIGNED BY: _ DATE

Description: CHECKED BY :_6 . DATE ----------

______________________________________________________________________________

Predicted Environment: 17-127 PANEL ACCESS
_____________________

dist dry wet moist rel pres den sigma vrt acp wogt eff
bib bib cont hum heat tr ip

(tn) (C) (C) (g/kg) (%) (kPa) (kg/m3) CkJ/kg) (C) (W/m2) tC) (C)
0___4.__7_1_.__3_10__00___7._3___2____0_____7__49.55__25.0____51_19.25__17___6

0 24.67 16.93 10.00 47.23 92.650 1.077 49.55 25.0 951 19.25 17.26
50 24.60 16.93 10.03 47.59 92.649 1.077 49.56 25.0 951 19.25 17.216

150 24.53 16.93 10.07 47.94 92.649 1.077 49.57 25.0 951 19.23 17. 16
150 24.46 16.93 10.10 48.63 92.648 1.077 49.58 25.0 951 19.21 17.011
200 24. 39 16. 93 10.13 48. 63 92. 648 1.07a 49. 59 25. 0 952 19. 19 17. 06
250 24.33 16.93 10.16 48.97 92.647 1.078 49.60 25.0 952 19.17 17.01
300 24.26 16.93 10.20 49.31 92.647 1.078 49.61 25.0 952 19.16 16.9E
350 24.20 16.93 10.23 49.64 92.646 1.078 49.63 25.0 952 19.1'4 16.91
400 24.14 16.94 10.26 49.97 92.646 1.078 49.64 25.0 952 19.13 16.87
450 24.08 16.94 10.29 50.30 92.645 1.079 49.66 25.0 952 19.11 i6. 8.
500 24.02 16.94 10.32 50.62 92.645 1.079 49.67 25.0 952 19.09 16.7e
550 23.97 16.96 10.35 50.94 92.644 1.079 49.69 25.0 952 19.08 16.714
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Job No. 6 _ Sheet of i 7 PAGE NO.

Job Title *d. Qt ~Ja_ l44~f/• DESIGNED BY:- X DATE

Descr i pt i oni J__/k f~iz. e_ __ CHECKED BY : KO R7t DATE ,

Initial parameters for the prediction of heat and humidity

Physical description of 127-126 EMP. ROOM
____________________

Length = 201 m, Depth in 311 m, Depth out 311 m
Perimeter = 20.63 m, Cross-sectional area - 28.34 m12
Wetness factor = .05 , Airway friction coefficient = .013 kg/m'3
Age at inlet 17520 (hrs), Ace at outlet 17520 (hrs)

Ventilation at intake
_____________________

Quantity 9.44 (m'3/s), Pressure'= 92.65 (kPa)
Wet bulb temp. = 16.96 Deg C, Dry bulb temp. 23.97 Deg C

Thermal Parameters

V.R.T. at inlet = 25 Deg Cs 6eotmermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m'2/hr
Heat transfer coefficient = 15.329 kJ/hr/m/Deg C

Distance between temperature outputs 50 m - 4 output stations

Heat Sources -
____________

Equipment spot heat sources

No. Distance from Full load Percent utilization Diesel or
intake (m) power output (kW) at equiv. full load Electric

_________________________-____________________________________________________

1 50 321.00 25.0 Electric
2 175 404.00 25.0 Electric
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. _ At( p / Sheet 9 of PAGE NO.

Job Title _' .. ,0,p221f21_L24% DESIGNED BY: __ DATE __________

Description: 1 4e, Iep bL CHECKED BY : DATE -

______________________________________________________________________________

Predicted Environment: 127-126 EMP. ROOM

dist dry wet moist rel pres den sigma vrt aco wogt eff
bib bib cont hum heat tmp

(m) (C) (C) (o/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
______________________________________________________________________________

0 23.97 16.96 10.33 50.84 92.650 1.079 49.64 25.0 652 19.06 18.02
After spot source no. 1 sensible heat = 84.47 kW, latent heat = 0.00 kW

50 31.95 19.48 10.40 32.16 92.650 1.079 57.87 25.0 600 20.85 23.31'
101 31.44 19.46 10.52 33.45 92.650 1.051 57.65 25.0 566 23.03 23.0
151 30.97 19.40 10.63 34.73 92.650 1.053 57.45 25.0 569 22.85 2i02.8

After spot source no. 2 sensible heat = 106.32 kW, latent heat = 0.00 kW
201 40.69 22.18 10.74 20.56 92.650 1.054 67.56 25.0 508 24.67 27.7E
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4VS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job Nd. _jk6/A L Sheet 1A_ of 'L5V

Job Title LI-L 6v . DESIGNED BY: DATE

Descript ion: CHECKED BY :(_22•±) DATE 7A

------------------------------------------------------------------------------

Initial parameters for the prediction of heat and humidity

Physical description of 126-110 MID PANEL

Length = 38 m, Depth in = 311 n, Depth out = 311 m
Perimeter = 15.77 n, Cross-sectional area = 17. 19 mZ2
Wetness factor = .02 , Airway friction coefficient = .013 ka/min3
Ace at inlet 24090 (hrs), Age at outlet 24090 (hrs)

Ventilation at intake

Quantity = 5 (m 3/s)I
Wet bulb temp. = 22.18

Pressure = 92.65 (kPa)
Deg C, Dry bulb temp. = Deg C

Thermal Parameters

V. R. T. at inlet = 25 Deg C, Geothermal step = 20. 7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m^2/hr
Heat transfer coefficient = 13.386 kJ/hr/m/Deg C

Distance between temperature outputs =S Mr - 8 output stations

Heat Sources

Virgin rock temperature is the only heat source for this simulation
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PAGE NO.

Job No. A__-_2rf 6_q L /_ __ I . . .Sheet of_ of

Job Title akiet l 5/4y-A Us/tj DESIGNED BY: . ±__ DATE ----------

Descript ion- tl/ -rAUL _Aiffd CHECKED BY : DATE I

Predicted Environment: 126-110 MID PANEL

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmo

(M) (C) (C) (g/kg) (0) (kPa) (kg/m3) (kJ/kg) (C) (W/ma) tC) (C)
…_____________________________________________________________________________

0
5

10
14
19
24
29
33
38

40.64
40. 54
40. 44
40. 34
40.23
40. 14
40.04
39.94
39.64

22. 18
22. is
22. 16
22. 14
22. 11
22.09
22. 07
22.05
22. 03

10. 72
10. 73
10.74
10.75
10.76
10.77
10. 77
10.78
10.79

20. 59
20. 72
20.84
20.97
21. 10
21.23
21. 36
21.49
21. 6;

92. 650
92.650
92. 650
92.650
92. 650
92.650
92.650
92. 650
92. 650

1.022
1.022
1.022
1. 022
1.023
1.023
1.023
1. 024
1.024

67.47
67.38
67.30
67. 22
67.14
67.06
66.98
66.90
66.82

25. 0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25. 0

440
448
449
450
451
452
453
454
455

27.72 27.76
27.24 27.75
27. 20 27. 71
27.16 27.67
27. 12 27. 63
27.07 27.59
27. 03 27.55
26.99 27.51'
26.95 27.46
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,Job No. ___----------/ Sheet i& of lu1 PAGE NO.

Job Title 1X { 6dt ._&_ DESIGNED BY: nZi DATE /.'___

Description: JAt Lt L CHECKED BY _ a 2OCG1S DATE .5 _

------------------------------------------------------------------------------

Initial parameters for the prediction of heat and humidity

Physical description of 127-111 PANEL ACCESS
____________________

Length 38 m, Depth in - 311 m, Depth out 311 m
Perimeter - 18.26 m, Cross-sectional area - 22.02 m^;Z
Wetness factor = .02 Airway friction coefficient = .013 kg/m^3
Age-at inlet 21024 (hrs), Age at outlet 21024 (hrs)

Ventilation at intake
_____________________

Quantity - 9.7 (rn3/s), Pressure = 92.65 CkPa)
Wet bulb temp. 16.96 Deg C, Dry bulb temp. 23.97 Deg C

Thermal Parameters
__________________

V.R.T. at inlet - 25 Deg C, Geothermal step - 20. 7 m/Deg C
Conductivity - 2.070 W/m/Deg C, Diffusivity = 0.003300 mr"2/hr
Heat transfer coefficient = 20.272 kJ/hr/m/Deg C

Distance between temperature outputs = S m - 8 output stations

Heat Sources
V r t eit l t r r s l

Virgin rock temperature is the only heat source for this simulation
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ltVS, I no. CLIMSIM VERSION 1.1

Job No. ___--- ------ Sheet _I of /b

FFINAL FILING
PAGE NO.

DATE ..........

DATE

Job Title /A,_ & nO. o e Ai DE/SIGNE D) BY:

Description: _v0 l (L.Pe I4 L We L/ CHECKED BY t

______________________________-_______________________________________________

Predicted Environment: 127-111 PANEL ACCESS

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat trnp

(in) (C) (C) (g/kg) kt ) (kPa) Ckg/m3) (kJ/kg) (C) CW/m2) (C) tC)
…_____________________________________________________________________________

0

10
14
19
24
29
33
38

23. 97
23.97
23.96
23. 96
23.96
23. 95
23.95
23. 95
23.94

16.96
16.96
16. 96
16.96
16. 96
16.96
16. 96
16. 96
16.96

10.33
10.33
10.34
10.34
10.34
10.34
10.35
10.35
10.35

50.84
50.86
50. 89
50.91
50.94
50.96
50. 99
51.01
51.03

92. 650
92. 650
92. 650
92.650
92.650
92.650
92.650
92.650
92.650

1.079
1.079
1.0 79
1.079
1.079
1.079
1.079
1.079
1.079

49.64
49.65
49.65
49.65
49.66
49.66
49.66
49.67
49.67

25.0
25.0
25.0
25.0
25. 0
25.0
25. 0
25.0
25.0

704
703
703
703
703
703
703
703
703

19. 06
19.08
19. 08
19.08
19. 08
19.08
19. 08
19.08
19. 08

17. 82
17. BE
17.82
17.81
17. 81
17.81
17. 81
17. SC
17. 80
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. -_ a& 6AJi __- Sheet _l of LM PAGE NO.

Job Title aE_ . _&O/09 /2J_4'/i• DESIGNED BY DATE

Description: Ax y eL CHECKED BY :gfiQ626t_ DATE 718

_____________________________________________________________________________..

Initial parameters for the prediction of heat and humidity

Physical description of 111-110 EMP. DRIFT
____________________

Length - 201 m, Depth in = 311 m, Depth out - 311 m
Perimeter = 20.63 m, Cross-sectional area = 28.34 m12
Wetness factor = .05 , Airway friction coefficient = .013 kg/m'n3
Age at inlet 17520 Chrs), Age at outlet 17520 (hrs)

Ventilation at intake
_____________________

Quantity = 9.44 (mCt3/s), Pressure = 92.65 (kPa)
Wet bulb temp. = 16.96 Deg C, Dry bulb temp. = 23.94 Deg C

Thermal Parameters
__________________

V.R.T. at inlet = 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m'2/hr
Heat transfer coefficient = 15.329 kJ/hr/m/Deg C

Distance between temperature outputs = 25 m - 8 output stations

Heat Sources
____________

Equipment spot heat sources

No. Distance from Full load Percent utilization Diesel or
intake (m) power output (kW) at equiv. full load Electric

1_____100_________321_________00_______2_____.0_______El__________tr_________

1 100 321.00 25.0 Electric
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?IVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. - /6 A Sheet oi f LS PQGE NO. _

Job Title L LA 4 DESIGNED BY DATE

Description: /0 C7akfWL__ CHECKED BY -----DTE - -

Predicted Environments 111-110 EMP. DRIFT
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(m) (C) (C) (g/kg) (%) tkPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
…_____________________________________________________________-_______________

0 23.94 16.96 10.34 50.99 92.650 1.079 49.64 25.0 652 19.05 18.00
25 23.88 16.96 10.38 51.33 92.650 1.079 49.67 25.0 652 19.08 17.96
50 23.83 16.96 10.41 51.66 92.650 1.079 49.70 25.0 652 19.07 17.93
75 23.78 16.96 10.44 51.99 92.650 1.080 49.73 25.0 652 19.05 17.89

After spot source no. 1 sensible heat = 84.47 kW, latent heat = 0.00 kW
101 31.81 19.50 10.48 32.64 92.650 1.080 57.93 25.0 600 20.81 23.25
126 31.56 19.50 10.54 33.28 92.650 1.051 57.82 25.0 565 23.02 23.14
151 31.33 19.48 10.59 33.92 92.650 1.052 57.72 25.0 567 22.94 23.02
176 31.09 19.44 10.65 34.55 92.650 1.053 57.62 25.0 568 22.85 22.90
201 30.86 19.42 10.70 35.18 92.650 1.054 57.52 25.0 570 22.77 22.78
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.VVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No. --------------- Sheet Qia of L0
Job Title I& f _r4_ hat4 1 1 hS DESIGNED BYasij-rDATE 4
Description: AIf ./2k.7 q CHECKED BY : 626!Z6s DATE

------------------------------------------------------------------------------
Initial parameters for the prediction of heat and humidity

Physical description of 110-49 MID PANEL
____________________

Length = 61 m, Depth in = 311 ml Depth out = 311 m
Perimeter - 15.77 m, Cross-sectional area = 17.19 m^2
Wetness factor = .02 , Airway friction coefficient = .013 kg/mrn3
Ace at inlet 24090 (hrs), Age at outlet 24090 (hrs)

Ventilation at intake
_____________________

Quantity - 13.97 (m^3/s), Pressure = 92.65
Wet bulb temp. = 20.3 Deg C, Dry bulb temp. =

Thermal Parameters
__________________

V.R.T. at inlet = 25 Deg C, Geothermal step =
Conductivity = 2.070 W/m/Deg C, Diffusivity =
Heat transfer coefficient = 37.400 kJ/hr/m/Deg

(kPa)
33.97 Deg C

20. 7 m/Deg C
0.003300 m`2/hr
C

Distance between temperature outputs = 15 m - 4 output stations

Heat Sources
V r te e t l t r r s l

Virgin rock temperature is the only heat source for this simulation
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MWS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. --- _ -L - - - -_____ Sheet of PAGE NO.

Job T2tle h2 5 ._4t , _S/SDESIGNED BYs .Q. DATE

Descriptions l/ yr4L-4I CHECKED BY 6. DATE ----------

______________________________________________________________________________

Predicted Environments 110-49 MID PANEL
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(m) (C) (C) (g/ko) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
______________________________________________________________________________

0 33.97 20.30 10.69 29.49 92.650 1.044 60.63 25.0 721 24.40 24.17
15 33.87 20.30 10.71 29.71 92.650 1.044 60.57 25.0 722 24.30 24.1'
31 33.77 20.28 10.73 29.93 92.650 1.044 60.52 25.0 723 24.26 24.07
46 33.67 20.27 10.75 30.16 92.650 1.045 60.46 25.0 724 24.22 24.0'
61 33.57 20.25 10.77 30.38 92.650 1.045 60.41 25.0 725 24.18 23.97
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. b'1,J/L/ Sheet of .LP PAGE NO.

Job Title I/e4_L _ OJLayJ4A ? UNDESIGNED BY:: tfjneDATE /I6..

Descriptiont _Wy_ CHECKED BY XGOL(415 DATE

______________________________________________________________________________

Initial parameters for the prediction of heat and humidity

Physical description of 49-48 WASTE MAIN
____________________

Length = 201 m, Depth in 311 m, Depth out 311 m
Perimeter - 22.62 m, Cross-sectional area = 39.48 tn2
Wetness factor = .02 , Airway friction coefficient .0111 kg/m'3
Age at inlet 26280 (hrs), Age at outlet 26280 (hrs)

Ventilation at intake
_____________________

Quantity = 62 (m,3/s), Pressure 92.65 (kPa)
Wet bulb temp. = 20.97 Deg C, Dry bulb temp. 35.6 Deg C

Thermal Parameters

V.R.T. at inlet = 25 Deg C, Geothermal step 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m^r2hr
Heat transfer coefficient = 61.708 kJ/hr/m/Deg C

Distance between temperature outputs 25 m - 6 output stations

Heat Sources
Vr t e e t l t r r s l

Virgin rock temperature is the only heat source for this simulation
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

_ PAGE NO._
Job No. i2uQ(A. 1I Sheet /2 of ND.

Job Title g"4 LD21 _ s °//JA 4S DESIGNED BY: _ DATE __________

Description: 1D - - 4Opo-JD--< L CHECKED BY :- -D--E _

______________________________________________________________________________

Predicted Environment: 49-48 WASTE MAIN
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
blb blb cont hum heat tmp

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/ma) (C) (C)
______________________________________________________________________________

0 35.60 20.97 10.99 27.68 92.650 1.038 63.01 25.0 925 25.36 24.72
25 35.53 20.97 11.01 27.84 92.650 1.038 62.98 25.0 926 25.30 24.69
50 35.45 20.97 11.02 28.00 92.649 1.038 62.95 25.0 926 25.28 24.66
75 35.38 20.96 11.04 28.16 92.649 1.039 62.92 25.0 927 25.25 24.62

101 35.31 20.96 11.06 28.32 92.649 1.039 62.90 25.0 927 25.23 24.58
126 35.24 20.94 11.08 28.48 92.648 1.039 62.87 25.0 928 25.20 24.54
151 35.17 20.94 11.10 28.64 92.648 1.039 62.84 25.0 928 25.17 24.51
176 35.10 20.93 11.12 28.79 92.648 1.040 62.82 25.0 929 25.14 24.47
201 35.03 20.93 11.14 28.95 92.647 1.040 62.79 25.0 930 25.12 24.43
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M1VS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. 3Ls4CeGs4--Sheet ]x of _1 PAGE NO.

Job Title VI L£ OL4±l4/ DESIGNED BV %jr DATE 4/L?4_

Description: CHECKED BY : -1C•s DATE E1211

_____________________________________________________________________________

Initial Parameters for the prediction of heat and humidity

Physical description of 76-74 TUFF MAIN W/BELT
____________________

Length = 402; m, Depth in = 311 rn, Depth out = 311 m
Perimeter = 26.97 m, Cross-sectional area = 35.3 m^2
Wetness factor = .02 , Airway friction coefficient = .013 kg/mr3
Age at inlet 8760 (hrs), Ace at outlet 8760 (hrs)

Ventilation at intake
_____________________

Quantity = 13.4 (m'3/s), Pressure 92.65 (kPa)
Wet bulb temp. = 21.56 Deg C, Dry bulb temp. = 38.1 Deg C

Thermal Parameters

V. R. T. at inlet = 25 Deg C, Geotmerrnal step = 20. 7 m/Dea C
Conductivity = 2.070 W/m/Dec C, Diffusivity = 0.003300 m'2/hr
Heat transfer coefficient = 17.469 kJ/hr/mn/Deg C

Distance between temperature outouts = 50 ni - 8 output stations

Heat Sources

Linear heat sources

No. Distance from Sensible Heat Length of
intake end (m) Load (kW) Source (in)

____________1______0______________________0______40_________

1 0 69. 20 402D............
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
I ~~~ &?6 A& ~~~~~PAGE NO.

Job No. ____-. Sheet V of PG

Job Title VY4L&,flP/• A4 DESISNED s:v' L 2._ DATE ________-.

Description: JQJ X4&tZe01X/tf 4 CHECKED BY __ DATE ____

Predicted Environment: 76-74 TUFF MAIN W/BELT

dist dry
bib

(rn) (C)

wet moist rel
bib cont hum
(C) (g/kg) tX)

pres den sigma vrt
heat

aco wogt eff
t rmn

(W/m2) (C) (C)(kPa) (kg/m3) CkJ/kg) (C)

o 38.10 21.56 10.83 23.82 92.650 1.030
Start linear source no. 1 sensible heat = 69.2

50 38.08 21.58 10.90 23.99 92.650 1.030
101 38.06 21.62 10.97 24.16 92.650 1.030
151 38.04 21.66 11.03 24.33 92.650 1.030
201 38.03 21.70 11.10 24.50 92.650 1.030
251 38.01 21.74 11.17 24.66 92.650 1.030
302 38.00 21.78 11.23 24.82 92.650 1.030
352 37.98 21.82 11.30 24.99 92.650 1.030
402 37.97 21.86 11.37 25.15 92.650 1.030

65.16
kW For
65.30
65.45
65.60
65.74
65.89
66.04
66.19
66.34

25.0
402 m
25.0
25.0
25.0
25. 0
25. 0
25.0
25.0
25.0

503 26.52 26.6;

508
507
505
504
503
502
501
500

26. 22
26.2 5
26.27
26.29
26. 32
26. 34
26. 37
26.39

26. 6;
26.6.
26.6i
26.6'
26. 6
26.7'
26.7
26.7
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. - Sheet of PAGE NO. _

Job Title 3dJ IEL DESIGNED BYCiun-m DTE -

Description:. CHECKED BY . Gd'O-fl DATE .

_____________________________________________________________________________.

Initial parameters for the prediction of heat and humidity

Physical description of 74-72 TUFF MAIN
____________________

Length = 428 ml Deoth in = 311 ml Depth out = 311 m
Perimeter = 26.97 m, Cross-sectional area = 35.3 m^2
Wetness factor = .02 , Airway friction coefficient = .013 ka/m^3
Ape at inlet 14016 (hrs), Ace at outlet 14016 (hrs)

Ventilation at intake
_____________________

Quantity = 33.8 Cm'3/s), Pressure - 92.65 CkPa)
Wet bulb temp. = 21.85 Deg C, Dry bulb temp. 37.96 Dep C

Thermal Pararmeters
__________________

V.R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m^2/hr
Heat transfer coefficient = 44.064 kJ/hr/m/Deg C

Distance between temperature outputs 50 m - 9 output stations

Heat Sources
____________

Linear heat sources

No. Distance from Sensible Heat Length of.
intake end (m) Load (kW) Source (m)

______________________________73________60 _______________8 __

1 0 73.60 428



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job NO. I§ 1 &~'fto Sheet ___- Of of

Job Title VL£"tL&- 162t4 d4-&SIGNED YDV DATE
211\ Descriptions _.J6 Y tPe'eLopCoe8 CHECKED' BY * /R DATE

Predicted Environments 74-72 TUFF MAIN

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(On) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
_____________________________________________________________________________.

O 37.96 21.85 11.33
Start linear source no.

48 37.88 21.85 11.39
95 37.81 21.87 11.45

143 37.74 21.89 11.51
190 37.67 21.91 11.57
238 37.60 21.93 11.63
285 37.53 21.95 11.69
333 37.47 21.97 11.75
380 37.41 21.99 11.81
428 37.34 22.02 11.87

25.08 92.650
1 sensible heat
25.32
25.55
25.79
26.02
26. 25
26.48
26. 71
26.93
27.16

92. 650
92.649
92.649
92.649
92.648
92.648
92.647
92.647
92.647

1.030
- 73.6
1.030
1.030
1.030
1.031
1.031
1.031
1.031
1.031
1.032

66.23
kW For
66.31
66.39
66.46
66.54
66.62
66.70
66.78
66.86
66.94

25.0
428 mn
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

696 26.68 26.4'

698
698
697
696
696
695
694
694
693

26.57
26.56
26. 56
26.55
26.54
26.54
26.53
26.53
26. 53

26. 3S
26. 31
26. 3E
26.34
26. 3E
26.31
26. 2S
26. 2E
26. 2E
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I'VS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. _ L4~4AL4 f_ __heet /Q of/ '9 PAGE NO.

Job Title e I e 4 LL /JiA f- A d_ DESIGNED BY. fa k r DATE

Descriptiont JQv.J e 22 d. CHECKED BY : ff2i .GLLS DATE _1G
____-_________________________________________________________________________

Initial parameters for the prediction of heat and humidity

Physical description of 72-70 TUFF MAIN

Length = 428 m, Depth in = 311 m, Depth out = 311 m
Perimeter - 26.97 m, Cross-sectional area = 35.3 m^2
Wetness factor = .02 , Airway friction coefficient - .013 kg/mA3
Age at inlet 21900 (hrs), Age at outlet 21900 (hrs)

Ventilation at intake
-____________________

Quantity - 54.2 (m'3/), Pressure 92.65 (kPa)
Wet bulb temp. - 1 .95 Den C, Dry bulb temp. 37.53 Deg C

Thermal Parameters
__________________

V.R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity - 0.003300 m^2/hr
Heat transfer coefficient = 70.66O kJ/hr/m/Deg C

Distance between temperature outputs - 50 m - 9 output stations

Heat Sources
____________

Linear heat sources

No. Distance from Sensible Heat Length of
intake end (m) Load (kW) Source Cm)

…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1 0 73.60 428
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. >2,kG L Sheet j°PAGE NO.

Job Title 1 a Lk. JQi-1 ?--y.AZ ESDE INED BY:' DATE

Description: IqD1 p7L CHECKED BY : DATE -.........

Predicted Environments 72-70 TUFF MAIN

dist dry wet moist rel pres den sinma vrt acp wogt eff
blb blb cont hum heat t m a

(m) (C) (C) (g/kg) (X) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)

0 37.53 21.95 11.66 26.41 92.650 1.031 66.61 25.0 861 26.62 26.03
Start linear source no. 1 sensible heat = 73.6 kW For 428 m

48 37.45 21.95 11.72 26.66 92.849 1.031 66.67 25.0 862 26.56 25.99
95 37.36 21.97 11.78 26.92 92.648 1.032 66.73 25.0 861 26.55 25.96

143 37.28 21.98 11.84 27.17 92.647 1.032 66.80 25.0 861 26.54 25.94
190 37.20 22. 00 11.90 27.42 92.646 1.032 66.86 25. 0 860 26.53 25.91
238 37. 13 22.02 11.95 27.66 92.645 1.032 66.92 25.0 860 28.51 25.88
285 37.05 22.03 12.01 27.91 92.644 1.032 66.99 25.0 859 26.50 25.86
333 36.98 22.05 12.07 2$.16 92.643 1.033 67.05 25.0 858 26.49 25.83
380 36.90 22.07 12.13 28.40 92.8642 1.0 33 67.12 25.0 858 26.48 25.81
428 36.83 22.08 12.18 28.64 92.641 1.033 87.18 25.0 857 26.47 25.79
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r4VS, Inc. CLMSIMI VERSION 1.1 FINAL FILING

Job No. ;j~qkA2r/L Sheet i f PAGE NO.

Job Title ILf'_ Lfi) 4L43Z451S DESIGNED BY:LI .kDATE

Description: 10 CHECKED BY: S QCk DATE #-0AL__
_____ ___-_______ ___ _ __ _ ___ ___ _ _ _ _ __ _ _ _ _ __ _ _ _ _ ____ __ __

Initial parameters for the prediction of heat and humidity

Physical description of 70-60 TUFF MAIN

Length = 1954 ml Depth in - 311 m, Depth out 311 m
Perimeter - 26.97 ml Cross-sectional area 35.3 m'2
Wetness factor .02 , Airway friction coefficient - .013 kg/mr3
Ace at inlet 27156 (hrs), Ace at outlet 87600 (hrs)

Ventilation at intake
_____________________

Quantity = 120.2 (m^3/s) Pressure = 92.64 (kPa)
Wet bulb temp. - 21.48 Dec C, Dry bulb temn. = 35.89 Deg C

Thermal Parameters
__________________

V. R T. at inlet = 25 Deg Cl Geothermal step 20.7 m/Deg C
Conductivity 2.070 W/m/Deg C, Diffusivity 0.003300 m'2/hr
Heat transfer coefficient = 156.703 kJ/hr/m/Deg C

Distance between temperature outputs = 200 m - 10 output stations

Heat Sources
____________

Linear heat sources

No. Distance from Sensible Heat Lenoth of
intake end Cm) Load (kW) Soder'ce (m)

1 0 336.00 1954
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Sheet 1LQ of LOJob No. --- -- -- --/-1

Job Title Aq)IhV1 ,LBL5ptS DESIG;NED _BY: __ DDATE ________

Descript ion: CHECKED BY : DATE

______Pred__te______________7---_____________________________M_______IN_____

Pred ict ed Env ironment s 70-60 TUFF MAI N

dist dry
blb

On) (C)

wet
bib
(C)

moist rel
cront hum
(g/kg) (%)

pres den sigma vrt
heat

(kPa) (kg/m3) (kJ/kg) (C)

acp wbgt

(W/m2) (C)

f
t r
(C)

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

0 35. 89 21. 48 11. 63 28.81
Start linear source no. I sensit

195
391
586
782
977

1172
1368
1563
1759
1954

35. 50
35.14
34. 80
34.48
34. 18
33.90
33. 63
33.38
33. 14
32.92

21.51
2 1. 55
21. 59
21.63
21. 68
21.73
21. 77
21. 82
21. 87
21. 92

11.85 29.97
12.07 31.12
12.28 32.25
12.48 33.35
12.68 34. 44
12.87 35.50
13.06 36.53
13.25 37.55
13.42 38.54
13. 60 39.52

92.640 1.037
)1e heat = 336
92.621 1.037
92.601 1.03a
92. 582 1.039
92.562 1.040
92.543 1.041
92.523 1.041
92.504 1.042
92.484 1.042
92.465 1.043
92.445 1.043

64.87
kW For
65.02
65.18
65.35
65.53
65.71
65.89
66.08
66.27
66.47
66.67

25.0
1954 rn

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

1337 25.80

1335
1333
1330
1327
1324
1321
1318
1315
1311
1308

25.71
25.63
25. 56
25.49
25. 43
25. 3a
25. 34
25.29
25.26
25.23

24. 2

24. 01
23.81
23. 62
23. 4
23. 7-
23. 1
22. 6 '
22. 1
22. 7
22. .4
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Job No. go 4I .A L Sheet I of !V PAGE NO.

Job Title ile l a_2 Lr DESIGNED BY: :1?XIrnnavPATE -A 1J 4
Description. yY_ Le_ pn,_ ' CHECKED BY : A26t) DATE FZ7

…____________________________________________________________________________

Initial parameters for tne prediction of heat and humidity

Physical description of 60-59 TUFF RAMP
____________________

Length - 1426 m, Depth in = 311 m, Depth out 0 O m
Perimeter - 26.21 m, Cross-sectional area 37.16 mn2
Wetness factor - .02 , Airway friction coefficient - .0111 kg/m^3
Age at inlet 67600 (hrs), Age at outlet 96360 (hrs)

Ventilation at intake
_____________________

Quantity = 165 (m^3/s), Pressure = 92.4 (kPa)
Wet bulb temp. 22.66 Deg C, Dry bulb teno. 33.9 Deg C

Thermal Parameters
__________________

V.R.T. at inlet = 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m12/hr
Heat transfer coefficient = 174.476 kJ/hr/m/Deg C

Distance between temperature outputs = 200 m - 7 output stations

Heat Sources
____________

Linear heat sources

No. Distance from Sensible Heat Length of
intake end (m) Load (kW) Source (m)

___________________________4_________00___________42________

1 0 245.00 1426
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PARGE NO1.

Job No. - ------- Sheet 1ZZ of _ofGN

Job Tit le St__E~.SeX+St DESIGNED BYE-__ DATE -

Description: _ CHECKED BY : R DATE _________

Predicted Environment: 60-59 TUFF RAMP
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum neat tmo

Cm) (C) (C) (g/kg) t%) (kPa) (kg/M3) (kJ/kg) (C) (W/m2) (C) (C)

0 33.90 22. 66 14.34 39. 38 92. 400 1.039 69.45 25.0 1443 26. 03 23. 44
Start linear source no. I sensible heat = 245 kW For 1426 m
204 33.28 22.54 14.48 40.94 91.920 1.036 69.17 22.9 1455 25.80 22.98
407 32.67 22.39 14.61 42.54 91.442 1.033 68.88 20.7 1470 25.50 22.48
611 32.06 22.25 14.74 44.18 90.966 1.030 68.58 18.6 1485 25.22 21.98
815 31.45 22.10 14.87 45.85 90.490 1.026 68.27 16.4 1501 24.93 21.46

1019 30.85 21.96 14.98 47.57 90.017 1.023 67.94 14.3 1516 24.64 20.92
1222 30.25 21.80 15.10 49.32 89.545 1.019 67.61 12.1 1532 24.36 20.36.
1426 29.65 21.65 15.20 51.12 89.075 1.016 67.26 10.0 1548 24.07 19.79
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M4VS, Inc. CLIMSIM VERSION 1.1

Jo- No. --4-MaLX- ---
FINAL FILING

Sheet IN of PAGE NO.

Job Title &5DESIGNED PY _DTE ±'IflAL
Description: __ _/0y _ _ _ CHECKED BY :_ OGE7 DATE 5FZS6--

Initial parameters for the prediction of neat and humidity

Physical description of WASTE RAMP 27-28
____________________

Length = 1939 mg Depth in = 0 m, Depth out = 311 m
Perimeter = 19 n, Cross-sectional area = 26.11 mrn2
Wetness factor = .02 , Airway friction coefficient - .0056 kg/m^3
Ace at inlet 96360 (hrs), Poe at outlet 87600 (hrs)

Ventilation at intake
_____________________

Quantity = 77 (rn^3/s)s Pressure = 88 (kPa)
Wet bulb temp. = 15.2 Deg C, Dry bulb temp. = 30.3 Deg C

Thermal Parameters
__________________

V.R.T. at inlet = 10 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m12/hr
Heat transfer coefficient = 58.462 kJ/hr/m/Deg C

Distance between temperature outputs = 200 m - 10 output stations

Heat Sources

Virgin rock temperature is the only heat source for this simulation
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. - Sheet 157 of I PA N

Job Title /dLL iL 5 J4 4S/J DESIGNED BY:_D _ DATE ---------
Description: JLX l Lpzdo. CHECKED BY :__ a ___ DATE .........

------------------------------------------------------------------------------

Predicted Envirconments WASTE RAMP 27-28
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
_____________________________________________________________________________.

0
194
388
582
776
969
1163
1357
1551
1745
1939

30. 30
30.12
29.97
29.83
29. 73
29.64
29.58
29.54
29.53
29.53
29.55

15. 20
15.23
15.29
15.36
15.45
15.53
15.61
15.71
15.81
15.93
16. 04

6.22
6.31
6.41
6.51
6.60
6.69
6.78
6. 88
6.97
7. 06
7.14

20. 18
20.78
21. 35
21.91
22. 43
22.93
23. 41
23.85
24. 27
24.66
25. 02

88. 000
a8. 302
88. 604
88. 908
89. 213
89. 519
89. 827
90. 135
90. 444
90. 755
91. 067

1.006
1.009
1.013
1.017
1.021
1.024
1.028
1.032
1.035
1.039
1.042

45.95
46.01
46.09
46. 19
46.32
46.46
46.62
46.81
47.01
47.23
47.48

10.0
11.5
13.0
14.5
16.0
17.5
19. 0
20.5
22.0
23.5
25.0

1651
1650
1645
1641
1635
1629
1624
1617
1611
1603
1596

19. 73
19.62
19. 62
19.63
19. 67
19. 71
19.75
19. B2
19. 89
19.98
20. 07

18. 98
la. 8s
18. 76
l1.6E
18. 63
18. 5E
18.56
18.5=
18. 56
18. 55
18. 62
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
,,, ~PAGE NO.

Job No. Sheet of P N

Job Title 1 L1&2 AA 4 dDESIrNED BYr DATE

Description: J__ tb_ &rpfltzdCHECKED BY : d; R0G6ES DATE

_____________________________________________________________________________.

Initial parameters for the prediction of heat and humidity

Physical description of 28-29 WASTE MAIN
-___________________

Length = 161 mi, Depth in - 311 m, Depth out 311 m
Perimeter = 22.62 m, Cross-sectional area = 39.48 m^2
Wetness factor = .02 , Airway friction coefficient = .0111 kg/mrn3
Age at inlet 87600 (hrs), Aoe at outlet 85848 (hrs)

Ventilation at intake

Quantity = 74.1 (m'3/s), Pressure = 91.07 (kPa)
Wet bulb temp. - 16.04 Dog C, Dry bulb temp. 29.55 Deg C

Thermal Parameters
__________________

V. R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m12/hr
Heat transfer coefficient - 73.751 kJ/hr/m/Ded C

Distance between temperature outputs = 30 m - 5 output stations

Heat Sources
V nt e e t l t r r s l

Virgin rock temperature is the only heat source for this simulation
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No..- -2--4-4--i-- Sheet L of L
Job Title LP LtY2t/LdL AfeiS DESIGNED BYV:_ ... DATE _________

Descript ion: .b CHECKED BY :R...... DATE ________

L

Predicted Environment: 28-29 WASTE MAIN

dist dry wet moist rel pres den sioma vrt acp wbgt eff
bib bib cont hum heat- tmp

(m) (C) (C) (g/kg) C%) (kPa) (kg/m3) (kJ/ka) (C) (W/m2) (C) (C)

0 29.55 16.04 7.11 24.91 91 . 070 1.043 47. 39 25.0 1271 20.09 19.43
32 29.49 16.04 7.13 25.08 91.069 1.043 47.39 25.0 1271 20.08 19.39
64 29.42 16.04 7.16 25.25 91.069 1.043 47.38 25.0 1271 20.06 19.35
97 29.36 16.04 7.18 25.42 91.068 1.044 47.37 25.0 1271 20.04 19.31

129 29.30 16.04 7.20 25.58 91.067 1.044 47.36 25.0 1271 20.02 19.27
161 29.24 16.04 7.22 25.75 91.067 1.044 47.35 25.0 1271 20.00 19.23
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. J Sheet IIs of O P

Job Title 4 t Oi? IyAi4 DESIGNED BYI : jer DATE Jiij./L

Description: _LO C2 ixO_ Aej 4AZ CHECKED BY _G Ro6-1iS DATE /

_____________________________________________________________________________

Initial parameters for the prediction of heat and humidity

Physical description of 29-31 WASTE MAIN
____________________

Length = 65.5 m, Depth in - 311 m, Depth out = 311 m
Perimeter - 22.62 m, Cross-sectional area = 39.48 rr'12
Wetness factor = .02 Airway friction coefficient = .0111 kg/rn"3
Age at inlet 85848 (hrs), Age at outlet 80592 (hrs)

Ventilation at intake

Quantity 44.2 (m'3/s), Pressure 91.07 (kPa)
Wet bulb temp. - 16.04 Deg C, Dry bulb temp. = 29.24 Deg C

Thermal Parameters
__________________

V.R.T. at inlet = 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m12/hr
Heat transfer coefficient = 43.992 kJ/hr/m/Deg C

Distance between temperature outputs = 10 m - 7 output stations

Heat Sources
i nt e e t l t r r s l

Virgin rock temperature is the only heat source for this simulation
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. Sheet .49 of P N

Job Tit le _& .hL OLI4- 4 9I16SIESIGNED BY.2ZLL DATE ---------

Descriptions CHECKED BY s-__6, P_ DATE

_____________________________________________________________________________

Predicted Environments 29-31 WASTE MAIN
_____________________

dist, dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmrp

(m) (C) (C) (i/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)

0 29.24 16.04 7.24 25.81 91.070 1.044 47.40 25.0 1004 20.00 19.9
9 29.22 16.04 7.25 25.86 91.070 1.044 47.39 25.0 1004 19.97 19.9

19 29.20 16.04 7.25 25.91 91.070 1.044 47.39 25.0 1004 19.97 19. 8
28 29.18 16.04 7.26 25.96 91.070 1.044 47.38. 25.0 1004 19.96 19.8
37 29.16 16.04 7.26 26.02 91.070 1.044 47.38 25.0 1004 19.96 19.8
47 29.14 16.04 7.27 26.07 91.070 1.045 47.37 25.0 1004 19.95 19.8
56 29.12 16.04 7.28 26.12 91.070 1.045 47.37 25.0 1004 19.95 19.8
66 29.10 16.04 7.28 26.17 91.070 1.045 47.37 25.0 1004 19.94 19.8
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. ___ B A 2 I- -- Sheet /! of PGNO

Job Title lk £P425 DESIGNED BY: Al,&DATE 9 Ia..._
Descriptions CHECKED BY : «fO(ei) DATE

Initial parameters for the prediction of heat and humidity

Physical description of 31-35 WASTE MAIN
____________________

Length 166 m, Depth in 311 mg Depth out = 311 m
Perimeter 22.62 m, Cross-sectional area 39.48 mu2
Wetness factor = .02 , Airway friction coefficient .0111 ka/rmn3
Age at inlet 80592 (hrs), Age at outlet 74460 (hrs)

Ventilation at intake
_____________________

Quantity 36 (mA3/s) Pressure 91.07 (kPa)
Wet bulb temp. - 16.04 Deg C, Dry bulb temp. = 29.1 Deg C

Thermal Parameters
__________________

V.R.T. at inlet 25 Deg C, Geothermal step 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity 0. 003300 m^2/hr
Heat transfer coefficient = 35.830 kJ/hr/m/Deg C

Distance between temperature outputs 40 m - 4 output stations

Heat Sources
V r t r e t l t r r sl

Virgin rock temperature is the only heat source for this simulation
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?4YS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. 3d&4L~cLLL fe1 Sheet J. 2.Zof PAGE ND.

Job Title DS IDESIGNED BY: DATE

Descript ion: __ CHECKED BY a_. _ _ZDATE _________

_____________________________________________________________________________,

Predicted Environments 31-35 WASTE MAIN
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat t m

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
_____________________________________________________________________________

0 29. 10 16.04 7.30 26.22 91.070 1.045 47.40 25.0 922 19.96 20.0
42 29.01 16.04 7.32 26.46 91.070 1.045 47.37 25.0 922 19.93 19.9
83 28.92 16.04 7.35 26.70 91.070 1.045 47.35 25.0 922 19.90 19.9

125 28.83 16.04 7.38 26.93 91.069 1.045 47.33 25.0 922 19.87 19.8
166 28.75 16.03 7.41 27.17 91.069 1.046 47.31 25.0 923 19.84 19.8
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PtVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. Sheet 423 of 5~) PAGE NO.

Job Tit le 1L4/Q */J /J~rt4 5 DESIGNED BY DATE

Description: CHECKED BY I dR ROuCe DATE

Initial parameters for the prediction of heat and humidity

Physical description of 35-36 WASTE tAIN
-___________________

Length 94.5 m, Depth irn 311 m, Depth out 311 m
Perimeter - 22.62 m, Cross-sectional area 39.48 m-2
Wetness factor = .02 , Airway friction coefficient - .0111 kg/rm'3
Ave at inlet 74460 (hrs), Age at outlet 73584 (hrs)

Ventilation at intake
_____________________

Quantity - 45.3 (m3/s), Pressure = 91.07 (kPa)
Wet bulb temp. - 16.13 Deg C, Dry bulb temp. 29.72 Deg C

Thermal Parameters

V.R.T. at inlet = 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m^2/hr
Heat transfer coefficient = 45.087 kJ/hr/m/Deg C

Distance between temperature outputs = 20 m - S output stations

Heat Sources

Virgin rock temperature is the only heat source for this simulation
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MVS, Inc. CLIMSIM VERSION 1.1

Job No. -_ -aA -1- Sheet / of

Job Title !/ee'_± i-Io9p C&, S_5 aiDESIGNED

FINAL FILING
PAGE NO.

DATE ------

DATEDescriptions 10-- AtCHEP~X/aKC CKED BY :_

Predicted Environments 35-36 WASTE MAIN
_____________________

dist dry
bib

(M) (C)

wet
blb
(C)

moist rel
cont hum
(g/kg) t%)

pres den sigma vrt
heat

(kPa) (kg/m3) (kJ/kg) (C)

acp wbgt

(W/m2) (C)

eff
tmp
(C)

_____________________________________________________________________________.

0
19
38
57
76
95

29.72
29. 68
29.64
29.60
29. 55
29.51

16. 13
16. 13
16. 13
16.13
16. 13
16.13

7.15 24.81
7.17 24.91
7.18 25.02
7.19 25.12
7.21 25.23
7.22 25.33

91. 070
91.070
91.070
91.070
91. 069
91.069

1.043 47.67
1.043 47.66
1.043 47.65
1.043 47.64
1.043 47.63
1.043 47.62

25.0
25.0
25.0
25.0
25. 0
25.0

1010 20.21
1010 20. 18
1010 20.17
1010 20.15
1010 20. 14
1011 20.13

20. 19
20.17
20. 14
20. 12
20. 09
20.07
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r4VS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. I----------------- Sheet 24 of /A PAGE NO.

Job Tit letWZLj AOv DESIGNED BY: 2 DATE: LLX b.-
Description: DlA TE Ha+CHECKED BY C_ _ ranE

------------------------------------------------------------------------- __---

Initial parameters for the prediction of heat and humidity

Physical description of 36-37 WASTE MAIN
____________________

Length = 76.2 m, Depth in - 311 m, Depth out - 311 m
Perimeter - 22.62 mg Cross-sectional area = 39.48 mn'2
Wetness factor = .02 , Airway friction coefficient = .0111 kg/m^3
Age at inlet 73584 (hrs), Age at outlet 70956 (hrs)

Ventilation at intake
_____________________

Quantity 80.9 (m13/s), Pressure = 91.07 (kPa)
Wet bulb temp. 16.28 Deg C, Dry bulb temp. = 31.07 Deg C

Thermal Parameters

V.R.T. at inlet = 25 Deg C, Geothermal step 5 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m"2/hr
Heat transfer coefficient = 80.519 kJ/hr/m/Deg C

Distance between temperature outputs = 20 m - 4 output stations

Heat Sources
V nt e e t l t r r sl

Virgin rock temperature is the only heat source for this simulation

C-282



MVS, Inc. CLIMSIM VERSION 1.1

Job No. -3406A&I - - _

FINAL FILING
PAGE NO.

Sheet ,--

Job Title -.W E/fl. /IA24>aA4IS7SDESIGNED BY:- __

Description: _AD 1.A2zftd {:CHECKED DBY s__p_

DATE __ __

DATE _________

------------------------------------------------------------------------------

Predicted Environmente 36-37 WASTE MAIN

dist dry wet - moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat trnp

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) CC) (W/m2) (C) (C)
_____________________________________________________________________________.

0
19
38
57
76

31. 07
31. 03
30.99
30.94
30. 90

16.28
16.28
16. 28
16. 28
16. 28

6.78
6.80
6.81
6.83
6.84

21. 80
21. 89
21. 99
22.09
22. 19

91. 070
91.070
91. 069
91.069
91. 068

1.038
1. 038
1. 038
1.039
1.039

48.12
48. 11
48.11
48.10
48.09

25.0
25.0
25.0
25.0
25.0

1312
1312
1312
1312
1313

20.72
20.70
20. 68
20.67
20. 66

20.3.
20.31
20. 2l
20. 2'
20. 29
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No. -----------------______ Sheet /"78 of Isp

Job Title BYJ_ L _J bujf DESIGNED Y s ur DATE

Description: 14kL Pmea CHECKED BY : JIQCY DATE

Initial parameters for the prediction of heat arid humidity

Physical description of 37-42 WASTE
____________________

Length = 491 m, Depth in = 311 m, Depth out = 311 m
Perimeter - 22.62 m, Cross-sectional area - 39.48 m^2
Wetness factor = .02 , Airway friction coefficient - .0111 kg/m'3
Age at inlet 70956 (hrs)v Age at outlet 52560 (hrs)

Ventilation at intake
---------------------

Quantity = 125.6 (m,3/s), Pressure = 91.07 (kPa)
Wet bulb temp. - 16.33 Deg C, Dry bulb temo. = 31.6 Deg C

Thermal Parameters
__________________

V.R.T. at inlet = 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity 0.003300 rn^2/hr
Heat transfer coefficient = 125.008 kJ/hr/m/Deg C

Distance between temperature outputs 50 m - 10 output stations

Heat Sources

Virgin rock temperature is the only heat source for this simulation
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. 36qLX~ f l Sheet k of / PAGE NO.

Job Title t/eL 402L1 DESIGNED BY_: _-_ DDATE ----------

Descriptioni _IA L/&11 i )iz 1e CHECKED BY *__6R___ DATE _________.

Predicted Environment: 37-42 WASTE
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
blb bib cont hum heat t mfl 3

(M) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
_____________________________________________________________________________.

0 31.60
49 31. 49
98 31.39

147 31. 28
196 31. 18
246 31. 08
295 30. 98
344 30.88
393 30.78
442 30.68
491 30.58

16.33
16.33
16.33
16. 33
16. 33
16.33
16. 33
16.32
16. 32
16. 32
16. 31

6.63 20. 67
6.67 20.91
6.71 21. 16
6.74 21.40
6.78 21.65
6.82 21.69
6.86 22. 13
6.89 22.38
6.93 22.62
6.97 22.87
7.00 23.11

91. 070
91. 067
91.065
91.062
91. 059
91.056
91.054
91. 051
91. 048
91.045
91. 043

1 .037
1 *037

1.037
1.037
1.037
1.038
1.038
1.038
1.039
1. 039
1.039

48.27
48.26
48.25
48.23
48.22
48.21
48. 20
48. 19
48. 18
48.17
48. 16

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

1639
1639
1639
1640
1640
1640
1640
1641
1641
1641
1642

20. 91
20.90
20.86
20. 83
20.80
20.77
20.74
20.70
20. 67
20.64
20.61

20. 00
19.93
19.86
19.79
19. 72
19.64
19. 57
19.50
19. 43
19.36
19.29
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. 4La@4 _ - -J Sheet I-s of PAGE NO

Job Title JUrEtdg .A&d4s ESISNED BY 1 DATE

Description: JeL 9 _V *L CHECKED BY :_ G 90e DATE D17.E

Initial parameters for the prediction of heat and humidity

Physical description of 42-166 PANEL ACCESS
____________________

Length = 497 m, Depth in = 311 mg Depth out = 311 m
Perimeter = 18.26 mg Cross-sectional area = 22.02 m'2
Wetness factor = .02 , Airway friction coefficient .013 kg/m"3
Age at inlet 52560 (hrs), Ace at outlet 52560 (hrs)

Ventilation at intake
_____________________

Quantity = 57.4 (m'3/s), Pressure 91.04 (kPa)
Wet bulb temp. - 16.31 Deg C, Dry bulb temp. = 30.58 Deg C

Thermal Parameters
__________________

V.R.T. at inlet 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 rn^2/hr
Heat transfer coefficient - 119.961 kJ/hr/m/Dec C

Distance between temperature outputs = 50 m - 10 output stations

Heat Sources
V nt e e t l t c r s l

. Virgin rock temperature is tne only heat source for this simulation

C-286
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Job No. of A 6L Sheet 151 of P N

Job Tit le L/LLJib4p'doi/h/1J @ 4&$ DESIGNED BY: _ _ DATE _____

Descript ionS JODtX1-eVeLkp/2 2 CHECKED BY t_66____ DATE ------

Predicted Environments 42-166 PANEL ACCESS

dist dry
b1b

(m) (C)

wet
bib
(C)

moist rel
cont hum
(g/kg) (%)

pres den SiDma Vrt
heat

(kPa) (kg/9M3) tkJ/k9)' (C)

acp wbgt eff
tmp

(W/mr2) (C) (C)
_____________________________________________________________________________.

0
5o
99

149
199
249
za9
348
398
447
497

30. 58
30.41
30.24
30. 07
29. 91
29. 74
29.58
29. 42
29. 27
29. 12
28.97

16. 31
16. 31
16. 31
16.31
16. 30
16.30
16. 28
16.28
16. 27
16. 27
16. 26

7.03
7.09
7.15
7.21
7.27
7.33
7.38
7.44
7.50
7.55
7.61

23.20
23.63
24.06
24. 49
24. 92
25.36
25.79
26.23
26. 66
27.09
27. 53

91. 040
91.037
91. 034
91.031
91. 027
91.024
91.021
91.018
91.015
91. 012
91. 008

1.039
1.039
1.040
1.040
1.041
1.041
1.042
1.042
1.043
1.043
1.044

48.22
48.20
48.18
48. 16
48.14
48. 12
48. 10
48.08
48.06
48.04
48.03

25. 0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

1481
1480
1481
1481
1482
1482
1483
1483
1484
1485
1486

20. 59
20.58
20. 52
20.47
20.41
20.37
20.31
20.26
20.21
20.16
20. 10

19. 65
19.53
1g. 42
19.30
19. 18
19.07
18. 95
18.84
18.73
18.61
18.50

C-28
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MvS,, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO.

Job No. 944 14-----
Job Title ae£ -Av2-q4
Descriptionn::

Sheet j, of Lrb

!IGNED BY: DATE _S i_74L.

CKED BY lEROG7S DATE /7

------------------------------------------------------------------------------
-i

I I
i

I I
1.I

I
II 
f

i

I
i

A I

I I

i

I
II

I
I
I
i

i
I

I

Initial parameters for the prediction of heat and humidity

Physical description of 166-1M9 PANEL ACCESS
____________________

Length = 439 m, Depth in 311 m, Depth out 311 m
Perimeter = 18.26 m, Cross-sectional area = 22.02 mnV2
Wetness factor = .02 Airway friction coefficient .013 kalm/r3
Aoe at inlet 52560 (hrs)q Age at outlet 52560 (hrs)

Ventilation at intake
_____________________

Quantity = 46.7 (m'3/s), Pressure = 91.04 (kPa)
Wet bulb. temp. = 16.26 Deg C, Dry bulb temD. 26.97 Deg C

Thermal Parameters
__________________

V.R.T. at inlet 25 Deg C, Geothermal step 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0. 003300 m^2/hr
Heat transfer coefficient = 97.599 kJ/hr/m/Deg C

Distance between temperature outputs 50 m - 9 output stations

Heat Sources
V nt eit l t r r sa

Virgin rock temperature is the only heat source for this simulation

C-2f
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Sheet of 5 PAGE NO.Job No. &4i( A1kL
Job Title J5fl& AftIJ DESIGNED BY:

Description: l6 y k2 CHECKED BY :_Z_

DATE …__

DATE ___

Predicted Environment: 166-189 PANEL ACCESS
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt off
bib blb cont hum heat tmp

(m) (C) (C) (g/kg) C%) (kPa) (kg/w3) (kJ/kg) (C) (W/m2) (C) tC)

0 28.97 16.26 7.62 27.59 91.040 1.045 48.07 25.0 1340 20.07 18.9 I
49
98

146
195
244
293
341
390
439

28. 82
28.67
28.53
28.39
28. 25
28.11
27.97
27.84
27.71

16.26
16.26
16.26
16.26
16.25
16.25
16.24
16. 24
16.24

7.68
7.73
7.78
7.84
7.89
7.94
7.99
8.04
8.09

28.02
28. 45
28.88
29.31
29.74
30. 17
30.59
31. 02
31.45

91.038
91.036
91.034
91.032
91.030
91.028
91.026
91.024
91.021

1.045
1.045
1.045
1.046
1.046
1.047
1.047
1.048
1. 048

48.05
48.03
48.02
48.00
47.98
47.97
47.95
47.94
47.93

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

1340
1340
1340
1341
1341
1342
1343
1343
1343

20. o0
20. 0I
19.97-
19.93
19.88
19. 84
19.79
19. 75
19.71

i. .8o
18.6
18.5
18.49
18.3s
1a. 23
18. 18
18. 3
17.9 •
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. _ 2 46AL4J ------------------_ Sheet /94'of PAGE NO.

Job Title } L2K{, tzflf _ 4 &y DESIGNED BYs '2JCjuurDATE P / _

Description: 16 Lt^ $J pd CHECKED BY :4R &7?3 DATE 45/__

_____________________________________________________________________________

Initial parameters for the prediction of heat and humidity

Physical description of 189-192 PANEL ACCESS
____________________

Length = 43 ma, Depth inr 311 mg Depth out 311 m
Perimeter - 18.26 m, Cross-sectional area 22.02 m12
Wetness factor = .02 , Airway friction coefficient .013 kg/mrn3
Age at inlet 52560 (hrs), Ape at outlet 52560 Chrs)

Ventilation at intake
_____________________

Quantity = 22.9 1a3/s), Pressure = 91.04 (kPa)
Wet bulb temp. - 16.24 Deg C, Dry bulb temp. 27.71 Dep C

Thermal Parameters
__________________

V.R.T. at inlet = 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity 2.070 W/m/Deg C, Diffusivity = 0.003300 mA2/hr
Heat transfer coefficient = 47.859 kJ/hr/m/Deg C

Distance between temperature outputs 10 m - 4 output stations

Heat Sources
____________

Virgin rock temperature is the only heat source for this simulation



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
PAGE NO1.

Job No. ----A---- Sheet 24. of PEO

Jobz Tit le VlL-LME0.4. L L _04 J DESIGNED BY:_ __ DATE ___

Description: JJ1 ILdtz --- CHECKED BY :_ Z__ DATE ___

_____________________________________________________________________________.

Predicted Environment: 189-192 PANEL ACCESS
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat t rnp

(m) (C) (C) (g/kg) C%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)

0 27.71 16.24 8.12 31.57 91.040 1.049 48.01 25.0 970 19.68 19.13
11 27.68 16.24 8.13 31.67 91.040 1.049 48.01 25.0 970 19.66 19.11
22 27.65 16.24 8.14 31.77 91.040 1.049 48.00 25.0 970 19.65 19.09
32 27.62 16.24 8.15 31.87 91.040 1.049 47.99 25.0 970 19.64 19.07
43 27.58 16.24 8.16 31.97 91.040 1.049 47.99 25.0 970 19.63 19.05



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
344 Sheet of~~~~- PAGE NO.

Job No. -Sheet of

Job Title W.-,,ij.L,1,4 DESIGNED BYD DATE

Description: CHECKED BY X DATE J/s__
-____________________________________________________________________________.

Initial parameters for the prediction of heat and humidity

Physical description of 42-44 WASTE MAIN
____________________

Length 402 m, Depth in 311 m, Depth out = 311 m
Perimeter = 22.62 m, Cross-sectional area - 39.48 m^2
Wetness factor = .02 , Airway friction coefficient - .0111 kg/m'3
Age at inlet 43800 (hrs), Age at outlet 43800 (hrs)

Ventilation at intake
_____________________

Quantity 60.8 Cm^3/s) Pressure 91.04 (kPa)
Wet bulb temp. = 16.31 Deg C, Dry bulb temp. 30.58 Deg C

Thermal Parameters
__________________

V.R.T. at inlet - 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity 2.070 W/m/Deg C, Diffusivity = 0.003300 m^2/hr
Heat transfer coefficient 60.514 kJ/hr/m/Deg C

Distance between temperature outputs 50 m - 8 output stations

Heat Sources
Vr t e e t l t r r s l

Virgin rock temperature Is the only heat source for this simulation

C-29.
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Job No. ___ 3---A/-- Sheet of LP PAGE NO.

Job Tit 1e dL2rIC 5OI, & DESIGNED BY: >z___

Descriptions __ IOzy 0-144n CHECKED BY s __oB_--

DATE _

DATE

-----------------------------------------------------------------------------. t

Predicted Environmentt 42-44 WASTE MAIN

dist dry wet moist rel pres den sigma vrt acp wbgt off
blb blb cont hum heat tmp

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
_____________________________________________________________________________.

0
50

101
151
201
251
302
352
402

30.58
30. 46
30.35
30.24
30.13
30. 02
29.9 1
29. 80
29.69

16. 31
16.31
16.31
16.31
16. 30
16.30
16. 28
16.27
16. 27

7.03
7.06
7.10
7.14
7.17
7.21
7.24
7.28
7.31

23.20
23.47
23.74
24.02
24.29
24.57
24. a4
25.11
25. 39

91.040
91.039
91.039
91.038
91.037
91.037
91.036
91.035
91.035

1.039
1.039
1.040
1.040
1.040
1.041
1.041
1.042
1.042

48. 22
48.20
48.17
48.15
48.12
48. 10
48.08
48.05
48.03

25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

1143
1144
1144
1144
1145
1145
1146
1147
1147

20.59
20.56
20.53
20.49
20. 45
20.42
20. 38
20.34
20. 30

20.4
20.3
20.2
20. Z
20.1
20.0
20.:0
19. 9
19s.a



Parsons Brinckerhoff Quads & Douglas. Inc.
Engiree * Architects * ws COMPUTATION SHEET

Subhect . .... lf¢.. .... z

P ea /-9 I... f5Z I
Job No...-3e >..Fw0//
Made n ....................

Date .... . . ..................................
Checked b.....y ........

Date ..... S .. . .6

44 - /68'. P4/Oz/ &e,//

~~~~~'g ~ ~~~y4

sr~~ (27C

Air X ?.I 'C,

-

4 ~~~~ a$ a z /A11

ldf~. z/ Afee* -0
/ C Qf 'J'4 s Ir.? IC

0 ~~ e~wl sr"crOl~vAr
a~ d~A726rv/

ele Z*/elf )

C-'



MrVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING
Job No. -_____affi4& __;l-------------- Sheet 1Ys Of s PAGE NO.

Job No - ------ ___Shoot of ___ o

Job Title f DESIGNED BY: DATE _/LjJJ6

Descript ion: J yY _ LD fQ4t CHECKED BY : _X IO6d P5 DATE 17
_ _ _ _ _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Initial parameters for tne prediction of heat and humidity

Physical descript ion of 44-168 PANEL ACCESS
____________________

Length = 497 m, Depth in - 311 m, Depth out = 311 m
Perimeter = 18.26 m, Cross-sectional area - 22.02 m^2
Wetness factor = .02 , Airway friction coefficient = .013 kol/m^3
Age at inlet 43800 (hrs), Age at outlet 43800 (hrs)

Ventilation at intake
_____________________

Quantity = 55.45 (m,3/s), Pressure = 91.04 (kPa)
Wet bulb temp. = 16.27 Deg C, Dry bulb temD. = 29.69 Deg C

Thermal Parameters
__________________

V. R. T. at inlet 25 Deg C, Geothermal steD = 20. 7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 mi2/hr
Heat transfer coefficient = 115.886 kJ/hr/rn/Deg C

Distance between temperature outputs = 50 rn - 10 output stations

Heat Sources
V nt e e t l t r r s l

Virgin rock temperature is the ornly heat source for this sitnulatior,

'-296
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1q//A q IIll "APGE NO.

Job No. Sheet LLL of N .__

Job Title 4/ EtiAf 6Y'/A.t S DESIGNED BY: _ DATE

Descript ions CHECKED BY : DATE _________

_____________________________________________________________________________-

Predicted Environment: 44-168 PANEL ACCESS

dist dry wet moist rel pres den sigma ,vrt acp wzgt eff
bib bib cont hum heat tmp

(rn) (C) (C) (C/kg) (%) (kPa) (kg/rn3) (RJ/kg) (C) (W/rn2) (C) (C)

0 29.69 16.27 7.34 25.49 91.040 1.042 48.10 25.0 1458 20.30 19.09
50 29.53 16.27 7.40 25.93 91.037 1.042 48.08 25.0 1458 20.28 18.98
99 29.37 16.27 7.46 26.36 91.034 1.043 48.06 25.0 1458 20.23 18.87

149 29.22 16.27 7.51 26.80 91.031 1.043 48.04 25.0 1459 20.19 18.75
199 29.06 16.27 7.57 27.23 91.028 1.044 48.02 25.0 1459 20.14 18.64
249 28.91 16.26 7.62 27.67 91.025 1.044 48.01 25.0 1460 20.09 18.53
298 28.76 16.26 7.68 28.10 91.022 1.045 47.99 25.0 1460 20.04 18.42
348 28.62 16.24 7.73 28.54 91.019 1.045 47.98 25.0 1461 19.99 18.31
398 e8.47 16.24 7.76 28.97 91.016 1.045 47.96 25.0 1461 19.94 18.20
447 28.33 16.23 7.84 29.41 91.013 1.046 47.95 25.0 1462 19.89 18.09
497 28.19 16.23 7.89 29.84 91.010 1.046 47.93 25.0 1463 19.85 17.98

C-297
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PAGE NO.

Job No. 3bG? i AL1-Sheet _/Lf L.
Job Title w/ L62 2 !4ti4'SAS DESIGNED BEY: 'Dn_%ett TE A Tla4L.

Description: 64 Pi? CHECKED BY _M2.6'g DATE L7 Ai.
_____________________________________________________________________________.-

Initial parameters for the prediction of heat and humidity

Physical description of 168-191 PANEL ACCESS

Length = 439 m, Depth irn = 311 m, Depth out = 311 m
Perimeter = 18.26 m, Cross-sectional area = 22.02 mn2
Wetness factor = .02 , Airway friction coefficient = .013 kg/m^3
Age at inlet 43800 (hrs), Poe at outlet 43800 (hrs)

Ventilation at intake
_____________________

Quantity = 45.9 (rwrm3/s), Pressure 91.04 (kPa)
Wet bulb temp. = 16.23 Deg C, Dry bulb ternp. = 28. 19 Deg C

Thermal Parameters
__________________

V. R.T. at inlet = 25 Deg C, Geothermal step = 20.7 m/Deg C
Conductivity = 2.070 W/m/Dep C, Diffusivity = O.003300 mr$'2/hr
Heat transfer ccefficient = 95.927 kJ/hr/rn/Den C

Distance between temperature outputs 50 m - 9 output stations

Heat Sources

Virgin rock temperature is tne only heat source for tnis simulation

C-298
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PAGNE NO.

Job No. 34 ----------- Sheet 1 of 0

Job Title 2 *&aitLyA a444 DESIGNED BY:

Description: a yk_/t 1A f. _ CCHECKED BY : --

DATE

DATE

Predicted Environmentt 168-191 PANEL ACCESS

dist dry
bib

(m) (C)

wet moist rel
b l -cont hum
(C) (g/ka) (%)

pres den sigma vrt
heat

acp wont eff
t rn;1
(C)(kPa) (kg/rn3) (kJ/kg) (C) (W/m2) (C)

0 28. 19
49 28.05
98 27.92

146 27.78
195 27. 65
244 27.52
293 27.39
341 27.27
390 27. 15
439 27.02

16. 23
16. 23
16. 23
16.23
16. 23
16.23
16. 22
16.22
16.22
16.21

7.91 29. 92
7.96 30.35
8.01 30.78
8.06 31.21
8.11 31.63
S.15 32.06
8.20 32.48
8.25 32.91
8.29 33. 33
8.34 33.75

91. 040
91.038
91.036
91.034
91. 032
91.030
91.028
91.026
91. 024
9 1. 022

1.047
1.047
1.048
1.048
1.048
1.049
1.049
1. 050
1.050
1. )5u

47.98
47.97
47. 95
47.94
47.92
47.91
47. 90
47.89
47. 88
47.87

25. 0
25.0
25.0
25.0
25. 0
25.0
25.0
25.0
25. 0
25.0

1331
1331
1332
1332
1332
1332
1333
1333
1334
1335

19. 82
19. 81
19. 77
19.73
19.69
19.65
19. 60
19.56
19. 52
19.48

18.37
18.27
18.17
18.08
17.98
17.88
17.78
17.69
17.59
17.49

C-299
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Job No. ----2 ------- LSheet LA4 of _/j PAGE NO.

Jo b Title 2 l Seo o 22- DESIGNED BY: Ad &UXV DATE

Descriptions /_ __JZ ? I ? 4 tCHECKED BY : 4Xg.6s:S DATE 15 6

_____________________________________________________________________________.

Initial parameters for the prediction of heat and humidity

Physical description of 191-194 PANEL ACCESS
-___________________

Length = 42.7 m, Depth in = 311 mg Depth out - 311 m
Perimeter = 18.26 m, Cross-sectional area = 22.02 m^2
Wetness factor = .02 Airway friction coefficient .013 kg/mrr3
Age at inlet 43800 (hrs), Aoe at outlet 43800 (hrs)

Ventilation at intake
_____________________

Quantity = 22.6 (m^3/s). Pressure = 91.04 (kPa)
Wet bulb temp. - 16.21 Deg C, Dry bulb temp. = 27.02 Deg C

Thermal Parameters
__________________

V.R.T. at inlet = 25 Deg C, Geothermal step 20.7 m/Deg C
Conductivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m^2/hr
Heat transfer coefficient = 47.232 kJ/hr/m/Deg C

Distance between temperature outputs = 10 m - 4 output stations

Heat Sources
____ ________

Virgin rock temperature is the only heat source for this simulation



MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. Sheet . P AGE NO.

Job Title j1/6eatO /J/SDESIGNED BY:_'a__ DATE .........

Description: CHECKED BY DATE _________

------------------------------------------------------------------------------

Predicted Environment: 191-194 PANEL ACCESS
_____________________

dist dry i wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(m) (C) (C) (g/kg) (X) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)

0 27.02 16.21 8.36 33.86 91.040 1.051 47.92 25.0 968 19.45 18.70
11 26.99 16.21 6.37 33.96 91.040 1.051 47.92 25.0 968 19.44 18.68

21 26.96 16.21 8.38 34.05 91.040 1.051 47.91 25.0 968 19.43 18.66
32 26.93 16.21 6.39 34.15 91.040 1.051 47.91 25.0 968 l9.42 18.64
43 26.91 16.21 8.40 34.25 91.040 1.051 47.90 25.0 968 19.41 18.63

C-301



Parsons Brinokerhoff Ouade & Doulas, Inc.
COMPUTATION SHEET

Subject . ./, . ...........8..

Poge.J%...o F I
Job No. 3,(?"1X1,

Made ...................

Dote. ....................................

Checked by ... R.........

Dote ........ .. .

/*,#. Ifo

4a ?7/3f

a u /41 2/. i47oW1.

o054,' weaL) £

4'A4,A,s"

.~~4kde4J~~rt1ba

'ga~~J.J #kAv

1//X' 37..2-2'C--..
&,S 5 . -flE)

/ A01W -,171-1374:11

./
-~~ e44V47) w *-,4'a'4 ve.

g -AO A O" -4:X8 k

i;46 -' lO 1

/0qxT 3-57 SC.



.'VS, Inc. CLIMSIM VERSION 1.i FINAL FILING

Job No. v l 4ff16 / Sheet to Pf (SN
Job Title L/k/.L/?Z DESIGNED BY: DATE

Descr iption: t, CHECKED BY : _JA6E2?5 DATE Y-6/96

Initial parameters for the predictior of heat and humiaity

Physical description of EMPLACEMENT ROOM 169-190
____________________

Lenoth = 201 my Depth in = 311 m, Depth out 311 in
Perimeter = 20.63 m, Cross-sectional area = 28.34 m^2
Wetness factor = .02 , Airway friction coefficient - .013 ka/m'3
Aoe at inlet 43800 (hrs)v ARe at outlet 43800 (hrs)

Ventilation at intake
_____________________

Quantity = 21.24 Crn3/S), Pressure = 91.04 (kPa)
Wet bulb temp. = 16.24 Deg Cy Dry bulb temn. = 27.71 Deo C

Thermal Parameters
__________________

V.R.T. at inlet = 25 Den C, Geothermal step = 20.7 m/Deg C
Conauctivity = 2.070 W/m/Deg C, Diffusivity = 0.003300 m^r2/hr
Heat transfer coefficient = 34.491 kJ/hr/m/Dea C

Distance between temperature outputs = 25 m - 8 output stations

Heat Sources
_ __________

Equipment spot heat sources

No. Distance from Full load Percent utilization Diesel or
intake Cm) power output (kW) at ecuiv. full load Electric

1 100 268.40 40.0 Diesel
Amount of water emitted by diesel = 3 liters water/liter fuel

C-303
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Job No. ____J24qevAl-/-I------------
FINAL FILING

Sheet jqg of L 5 2 PAGE NO.

Job Title A tDYSS DESIGNED BY:_ C l -DATE _________

Description: ___-__10cyI 12Vt__p HECKED BY _ DA7E _________

Predicted Environment: EMPLACEMENT ROOM 189-190
_____________________

dist dry wet moist rel pres den sigma vrt acp wogt eff
bib bib cont hum heat tmp

(m) (C) (C) (a/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/m2) (C) (C)
0____7.71___1 __.2 __ 8 -- 1.57---- 1-----0------4---48.01----25. ----852 --19. --- 9 .4

O 27.71 16.24 8.12 31.57 91.040 1.049 48.01 25.0 852 19.66 19.47
25 27.64 16.24 8.14 31.79 91.040 1.049 48.00 25.0 852 19.66 19.43
50 27.57 16.24 8.16 32.00 91.040 1.049 47.96 25.0 852 19.64 19.39
75 27. 50 16.2Z4 8. 1B 32. 21 91. 040 1.049 47.96 25.0 852 19. 62 19.35

After spot source no. 1 sensible heat = 237.99 kW, latent heat = 65.84 kW
101 37. 87 20.32 9.42 20.66 91.040 1.049 61.47 25.0 738 22.45 25.81
126 37.70 20.32 9.45 20.92 91.039 1.014 61.38 25.0 689 25.46 25.75
151 37.54 20.30 9.49 21.17 91.039 1.014 61.30 25.0 690 25.40 25.68
176 37.38 20.29 9.52 21. 43 91.039 1.015 61.22 25.0 691 25.34 25.61
20) 37.22 20.26 9.55 2i.69 91.039 1.015 61.14 25.0 692 25.28 25.54
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%1VS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. k & Cq & 4i _ Sheet I of n PAGE NO.

Job Title 1. 4 2 dqSO DESIGNED BY:. tW sZrDATE -JI' An_

Description: l CHECKED BY etjiaAK4 DATE -JA7

Initial parameters for the Prediction of heat and humidity

Physical description of EMPLACEMENT ROOM 191-190
____________________

Length = 201 m, Depth inr 311 m, Depth out - 311 m
Perimeter = 20.63 m, Cross-sectional area = 28.34 m'2
Wetness factor = .02 , Airway friction coefficient .013 ko~a/m'3
Age at inlet 43600 (hrs), Ape at outlet 43800 (hrs)

Ventilation at intake
_____________________

Quantity = 21.24 (mrn3/s), Pressure 91.04 (kPa)
Wet bulb temp. = 16.21 Deg C, Dry bulb temo. = 27.02 Deg C

Th errma 1 Parameters
__________________

V. R. T. at inlet 2 25 Den C, Geot.-ermal step 20. 7 rn/Deq C
Conductivity = 2.070 W/m/Den C, Diffusivity = 0.003300 m;2/hlr
Heat transfer coefficient = 34.491 kJ/hr/m/Deg C

Distance between temperature outputs 2 5 m - 8 output stations

Heat Sources

Equipment spot heat sources

No. Distance from Full load Percent utilization Diesel or
intake (m} power output (kW) at equiv. full load Electric

______________________________________________________________________________

1 100 268.40 40.0 Diesel
Amount of water emitted by diesel = 3 liters water/liter fuel
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MVS, Inc. CLIMSIM VERSION 1.1 FINAL FILING

Job No. _ . ... Sheet LSC of 1 P O

Job Title 1f EI&,t DESIGNED BY:_ -- DATE --------

Descriptions __ y _ p/_i HECKED BY : __ DATE …

Predicted Environment: EMPLACEMENT ROOM 191-190
_____________________

dist dry wet moist rel pres den sigma vrt acp wbgt eff
bib bib cont hum heat tmp

(m) (C) (C) (g/kg) (%) (kPa) (kg/m3) (kJ/kg) (C) (W/rn2) (C) (C)

0 27.02 16. 21 8.36 33.86 91.040 1.051 47.92 25.0 855 19.45 19.0
25 26.96 16.21 8.39 34.07 91.040 1.051 47.91 25.0 855 19.43 19.0
50 26.90 16.21 8.41 34.27 91.040 1.051 47.90 25.0 855 19.42 18.9
75 26.84 16.21 8.43 34.48 91.040 1.051 47.89 25.0 855 19.40 i8.9;

After spot source no. 1 sensible heat = 237.99 kW, latent heat = 65.84 kW
101 37.18 20.29 9.66 21.98 91.040 1.051 61.36 25.0 740 22.24 25.5S
126 37.02 20.29 9.69 22.24 91.039 1.016 61.28 25.0 692 25.24 25.4
151 36.87 20.28 9.72 22.50 91.039 1.016 61.20 25.0 693 25.19 25.48
176 36.72 20.26 9.75 22.76 91.039 1.017 61.13 25.0 694 25.13 25.34
201 36.57 20.24 9.78 23.02 91.039 1.017 61.05 25.0 695 25.07 25.27
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1.0 INTRODUCTION

This appendix describes work done during conceptual design on equip-
ment needed for the Yucca Mountain Repository and provides equipment
descriptions and lists. Section 2 comprises a long, briefly descriptive
list of equipment needed in the surface facilities. For the most part,
support equipment on the surface such as pumps, blowers, etc., is commer-
cially available. The waste handling equipment listed, especially the
fuel consolidation equipment, is still in very early stages of design
development, and work done to date is documented in "MNWSI Project: Spent
Fuel Consolidation System," (Townes et al., 1987a) and "NNWSI Project:
Conceptual Design of Facilities for Unloading Radioactive Waste from
Shipping Casks," (Townes et al., 1987b). That work (conceptual design of
waste handling equipment) was not repeated here.

Section 3 describes the underground development operations and
equipment. Drift excavation will be done with equipment that is
commercially available, or available with modification, so most of the
discussion here regards its use in operations. More detail is provided
for the equipment and systems for drilling vertical and horizontal
boreholes. The equipment for these systems, though not commercially
available, is based on modified versions of available equipment. The
horizontal borehole drilling system and its components are described here
and in more detail in Robbins (1987).

The length of Section A reflects the substantial amount of work done
on equipment and operations for underground waste transportation and
emplacement. For both vertical and horizontal configurations, the section
presents detailed descriptions of the waste emplacement borehole, the
hardware required to prepare the borehole for waste emplacement, the
hardware necessary to close the borehole after waste emplacement, and the
major equipment needed to support the emplacement operations. The equip-
ment and operations described here are still in the conceptual stage but
are based on adaptations of commercially available equipment components
and technology. Further discussion of emplacement operations and equip-
ment is available in Stinebaugh and Frostenson (1987) and Stinebaugh
et al. (1987).

This appendix also provides a very brief description of the opera-
tions and equipment needed for waste retrieval (Section 5) and an outline
of the program for continuing equipment development, which includes
eventual detailed design of emplacement and retrieval systems, proof-of-
principle demonstrations, and prototype equipment development (Section 6).

D-1 - D-2
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I

2.0 SURFACE EQUIPMENT LIST

A list of equipment required for 
the surface facilities is given 

in

Table D-1. The equipment is identified as to whether it is commercially

available (CA), or whether it needs development 
(ND). The equipment that

is characterized as commercially available is essentially available as

"off-the-shelf" equipment today. 
It may or may not require minor 

modifi-

cations for installation or use at the repository. An example of this

type of equipment is the 125-ton bridge crane, equipment go. 211-H-027,

which is operated in a personnel accessible area. 
This will be contact-

maintained in the area where it 
operates (no need for a special shielded

maintenance bay) and has a capacity and space and 
operating requirements

that are normal for today's industrial 
cranes. This type of crane can be

purchased from a number of manufacturers 
such as Whiting, HECO Pacific,

and Erderer. The cranes are built to the Crane 
Manufacturers Association

of America (CHAA) Specification 
No. 70 and should require relatively 

few

custom features for installation 
and use at the tuff repository.

The "needs development" designation applies to two categories of

equipment. One category is prototype equipment, which includes items

such as the shield valve with drive, equipment No. 211-N-014, or the

10-ton bridge crane with ElM manipulator, equipment No. 211-H-012. The

prototype equipment requires little new technology. Similar equipment

has been designed by Bechtel and built by companies such as Westmont

Industries and is currently in the process of final testing in the field

at the Waste Isolation Pilot Plant (WIPP) in Carlsbad, New Mexico.

However, the special requirements that will be specified for this

equipment in the area of controls, maintenance, durability for the

production operation at the tuff repository, and safety will make the

equipment unique to an extent that warrants a "needs development"

classification.

The other "needs development" category of equipment is the special

equipment associated with fuel consolidation. 
The consolidation equipment

specified in the equipment list is based on a concept proposed by BE,

Inc., as reported in their fuel consolidation equipment report 
(Townes

et al., 1987a). Dry consolidation of fuel has not been attempted, nor

has large-volume consolidation at a rate of 3,000 HTU per year been

undertaken by anyone, either wet 
or dry. The production rate disassembly

of fuel assemblies, the collection of large numbers of individual fuel

rods, and consolidation of the rods into compact arrays all require

remote-handling equipment that has 
not been developed yet in this 

country

or, to the best of our knowledge, anywhere else in the world. This

equipment will have to be conceptually designed, and new concepts,

components, and subsystems tested. Full-sized prototype hardware must

then be designed, fabricated, acceptance tested, installed, cold tested,

and hot tested. Experience indicates that in each step of the process,

modifications will be required. 
Finally, the equipment will be put into

use on the production line, and at that time it is reasonable 
to assume

that additional modifications will 
be required before the equipment 

will

function smoothly under the rigors of a full production schedule.

Examples of this equipment, most of which will be located in the

D-3
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consolidation hot cell, are the multicollet gripper C/W support carriage
assembly, equipment No. 212-S-071, fuel rod collector assembly, equipment
No. 212-S-074, and the container sector collecting device, equipment
No. 212-S-075.

D-4



s-U

M m4 U i*

a a a a
- - - - - -

a I a a a a
I I I

I a a Ij3.=0

i i I A4 . I a

A

I
I

7 9 p r p 3 V p v

I I § I I a
44 a a a a V V Gd~~~~~~~~4

i§ ; ' ' ; ;6 4 a
V ow VW

q 24 2q 2 sII
Is

9 II9 9 9 9 9 9 9 9 9 9 9 9 9 9

ID

0
w

I ma C
a -. g

I 9

1
a a a a a a a a a a a a a a a II

A I~~~a

I I I P I I SI' I I H
i a'' I II I I I A .



DATE 02/13/17
KYIsIow 3
Joe1 1&039

TABLE D-1

SURFACE FACILITIES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF WHB-1 EQUIPMENT LIST

Fm 2
9RT IV EQUIRIENT ML

E4UIPIEIT D .
W T N P

S P N E

211 D 004

211 0 OO

211 D OD6 a

211 9 006 0

211, e oo

211 D 011

211 D 012

211 D 013

211 D 014

211 E 001 A-C

211 F ODI lff

211 F 002 A-9

211 F 003 A-1

211 F 004

211 F 005

twimaN WDEIP11WN

TM"~ DA1ER

WE SILEMR

UVT S1LUUm

WAITER MI1LLER I01) PACI
FANi It 10N EADI

EINAUST MA1 FILTER LN1T

ED"~5 KM* FILTER UNIT

EXIAUST HEK FILTER U1N11

IlIFy WA1 FILTER UNIT

HIGH NM* MOVILER UNIT

WARCITY

9,500 w~

IOOO Cm1

10,000 am

37,900 CFH

10,00 cm
40 DO

9,500 01
40W

10,000 UN
40W

140W FI

1001136

too" as

13,500 1N

3,700 UFN

10, 150 UFN

13,000 am

13,500 UFN

RATING 0MSS

IS K

CA

CA

CA

CA

CA

CA

CA

CA

CA

CA

CA

CA

CA

FOBENC KID I
owifyT LUCATIGN AING FRIM Ila SUC ML

I momL

I D - M

3

2WA0 FILIER

2 30 FILlER

2 WLT NMS AV~

I WILT am AV

I cm~ MILA II
CEL

0MS1

05 hill- (JFFIM & LAD EXIT PME

05 E11AST -Lwa 11RDONQE M
EXIT MOE

05
ENAUST

05

05 ENIR lE

15 EIMST w

05 GUFLV soE

05 EZMBT MOE

05

05

03

0s

0e

0e



PR91 rlu
Y(YISIOI 3
iU tlO3

TABLE D-1

SURFACE FACILITIES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF WHB-1 EQUIPMENT LST

SW BY EIFIIff M3.

~lml NOl.

5 p- M E* P _

to1 " 00

211 H ON

211" OR

21t 010

211N 012

211 I 012

211 N 013

2113 N 01

211 N on

211 N 021

213 NIIM

211M NOm

211 N OM21t H 031

213 H 032

213 3 012

-"F mO"

naI omm~l owP

OM M NM EN KW.

M um'

MIW I - L F I
- -

ORIl MWE mmTI EMNMUI.

mm ,wo t

OffIll) M 1. LWT
of O~- OIL.

- ~ m ih

womea

BlUem~

Romnu tm am

-fa Lo1 am

rF1UItv VWML

FUA RW M Fi11I

c F ~ ~ l f 1 6 6 T I

tao us

101i6

20 1T

alrmm Dm
my116amS

I MP

MIF

125 TM

2112 TiM

I25rA~ 1u1

121511

20 11

20 1T

201TM

'SW

MD

MD

CA

ND

U

U

it

UA

MU

ND

Mt

OWHffY

I

I

I

I

I

I

3

2

U

4

I

3'

aimw

POWT. MiL

M FM, IRP

* 90733 No

aimm
Mr ML

MWPM aI
WXU

MUT MEL

an MI"T.

I 9713 BAY

aimm

WM,

01* 136 F U M ID I' .

SK21f B31 I-211-IY-01

W-211-fl-301

S9-213-11-011

99-213*013

05

07

01

07

Os

01

07

07

06

01

0S

01



m wSW
KYIS 3

TABLE 1-l NM 4
gIm By WIIW .

SURFACE FACIUTIES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF WHB-1 EQUIPMENT LIST

S F N E

211 N 043

211 I 002

211 N 3

211 N 003

211 N 003

211 N W

211 I OW

211 N 0WA

211 I 093

211 N 010

211 I 014

211 N 021

21 024

211 N 0

211 031

EwIer 2=11,PT1U CUAf FATUS

IDIR L SSSITW N1OS T

WINMIM I INI 10 If

CEL b= 3' *3'

CLL 1119W 3 '' 3'

WIT WIER MM IU 1UW 7.5 If

91111i M w-ImII

s94all on - Susil

CM IINIM10 P11 RK

SUM~ VALE 1NIT "1<

hei mA IER lii Ui 6055

YWE 9"1u1. .94. UP MM

nW o

amB SIAllS

CA

No

CA

CA

CA

IS

CA

I0

U

U

SWITIW

I

11

It

2

4

4

1

I

4

4

2

1

3

1

UmAlum

SFIR

mu

WIWIEEt

NW. WL

wr mwn

am a

0* lMTwu

CMa FIVl

Mv FM

KIIWIEEl

Amuc
Not CELL

an WARM

mmus

am Box

Wilma P P1011 I3MG
MODS LIN DAL SEGU ML. A PON" lV

04

SK-21146301

U-211-U-30I

SK-211-f-301

SK-211-f-301

K-211-M301 U-21+5"1

03

03

03

03

03

03 MAiS W la "MI

03

03

SK-211-I501 03

9t-21-f6301

EK-211P-301

S:-211C-301

U-215*3Q

03

SKU-11501

SK-211OWI

O0

03

03

03



imIstm 3
xm Ifom

TABLE D1

SURFACE FACILITIES EQUIPMENT

JOB 18039 - REPOSITORY IN TUFF WHS-1 EQUIPMENT UST

,E S
RT IT MrnRtKW ND.

Ewm la.

DYTII C
S P' N E

211 N 032

211 N on

211 N Om

211 N 0

o 211 U 0

211 N 0ot

211 P 001

211 P003

211 q 02

211 0m

211 q 05

211 a 07

2110 CO

21! R 02

ImmF~ pVKR ND

MIL-t9 U= (A

on SMI'm. N

Sale NW mmO

snW %XE ND

omROm1 RIW is* a" 25 P CA

mwaitm VWr PM WIT No

tf, NlWP I FILMt ta

CSIC KN M

All FILIE FOE SOWMlI to
FaTRm OWN

AIR FILlR FWE W~ CA

MWIE mm FwmmtmI CA
SET OF2

@MIIY

I

N

4

4

2

2

2

1

2

I

1

1

I

I

3

mwfl

MINT. CEL

1IEWR Er

WIRIX rWV

a~mr

UIX

-PA rit

SK-211+40

PinI
KMI DIAL SFm ".

SE-21t-*0l

SK-211-W-M

SK-211-9-0

a T

03

07

07

0s

03

03

03

05

0I

0&

0I

0&

06

06

13j N96 SK-211-P-301

Pm

en3 Po N

M8t arr

Hfcu

Khnmm -l

Iw



am o0isiW
NEVIsIX 3
Jis ImY

TABLZ D-1

SURFACE FACILITIES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF WHO-1 EQUIPMENT UST

Nm A
gmts cWIs~mfT III.

W

EWIFY P NO.

v I R p

211 3 002

211 1002

211 aO

211 S014

211 9 015
211 6915

215 1 8

211 SOnQ

2111 6O

211 S 0

21 031

211 6033

211 S 0

211 8 039

A~clwa Knal
EOW~U WOW 1P(m QPCDtTV PAISG 11MS

WIER am IAWILTM
GET W 2

melEE RM IWIIILAIM
SUT W 2

WAL Wm TaMPflFLER

uW1111 CM VWo Cmi W 125 I=
MINE

FIB. I WWr I STATIAN

RIAIMW Uw0 so FT

MO bPATf FtAiFII s9o So FT

KM Yam EW. ND
Eof R3TAU

Nu 11Wfl STATIOB

CwIASI hWWW/sta CM

ESI5iI T ImWE CM I 2 IOU SIW

FIB. MS'V M

LEX JBT SIAHUN

CIAI

CA

CA

CA

ID

CA

CA

CA

ND

ID

U

No

awlTT

I

2

I

a

2

4

I

1

I

1

I

2

I

48

I

karllmW

mlNT W=

mwm
CT CLL

cNm KaWIMI
Ik BIWus W

CM 10110
Talso IOI&

IL-us

Gm FIV/
1_1_1 SIATIW

& IV sww

mmus

MMN. WaL

"was'

IlLINOI

UT.'U

-oum MD I
wmus FUN DIAL. Nu AII

OK-211-16-MN

SK-21141-U0

CMI
am -a sN

0A

01

0A

0A

0I

0&

0A

0A

0A



"it 02113/p
F37" 3
Jxi~ 168

TABLE D-1 t
a" Wi mnpmiii 1!.

SURFACE FACILmES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF WHI-1 EQUIPMENT lST

E T I F

2 P M E

211 5 @34

211 S 01

211 s e211 9 A6

211 S ev

2113ON

211 Y 00

211 7 05

211 Y 00

211 V e

211 v1c

omnl of am 5 tr
n 5n N 00 LU

Ing CIT ltf

amWi ni u

IllC l VEINI Di RC

- mm IT

auWc "W AMM

W1 VI" m I

FE VINI gym

IMItIMM17 y

Mm.

3'W

2 W

2 W

S1u KVEL

0

a

a

Cll

aw

CA fft

CA

M

I

I

I

I

2

I

3

2

I

I

~~imu

wait MIt.

Pp If T. 1WE1 -P SI

Wn MY"T. -1 P50

amU mm

M" WM

am m

to" mffi. s-21l2-p-01

- IE

"ILT

uml

W? T"* S-2r63

ota

nmls

on MT"

KM mm

remm

pie I
nwmfu. sW n1

SK-211-It-f1

P-211- m11

W-21tl--1

O!T

06

ob@6

0l

06

06

@6

06

as

01

06

ot



hIA! OJU13A
KVISIIN 3
Xs m O3

TAUBL D-1

SURFACE FACIUTIES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF WHB-2 EQUIPMENT LIST

mm
m IN v woN

EITIIIII F0

212 A i0

212 A 00 A
212 A 003 a

212 I 0^ i

212 0 TIC

212A 00- "

212A eb" "

212A CW0

212 C 001 a-

212 C 002

212 C 003a4

212 C 004 A-C

212 C 005*-C

212 C 0mtC

212C 0071 -A

E 0J1 IN EI W Win

AIR ImuUI laIT

will AIR IUIU Wi1t

MY11 AIR kimJI MIT

W~RY~ AIR W01115 L0ll

AIR WIJIU MIT

SIL M ! AMR 101115 lIi

WRYx AIR WMPii laIn

IUUI1FKR

K~lW1EWW~ FM

RETIlainIIEB FM

[mawT F~m

EIa0S FM

EDIIST FAI

DM151 FM

EZIOB FAI

GAEIRW. MESIBI

43,000 4*G0W

%000 cm

Z6000 cm

14,000 01

139100 01

2YqGW U

3 u

slaEs

CA

CA

CA

CA

Ca

CA

CA

Ca

Ca

2 Ewe' Ws

WS Mc WFM

I MUIFI

I uereal

2 M EN VII

2 WhICIM

I U2-

2 UMARID

I off-Aft
m Kai

a wmimuw
Mr BL

3

3

3

2

E1ua KIDl I
~I5US FUN DM5 ~ au .I

EK-212-I-216

SK-212-I-207

SK-212-0-20A

SK-212*W295

SK-212-N-207

COST
AW Rom FY

as

05

as TaSm OW T DIxT

*5 Kom NMu Al IET

05 ?INUO DFU AT DIE

05 511171 AM CUB WWRm

as

05

as

05

05 1110 1 FM

05 W CR105 NO WM1 VKS

05 MElM. rSM CAS LW.CIN

05 10LT STERN NEDWmlC A

05 MLT SURWG IEUCAI Mm

41,000 CM

^,500 01

OX t

.,U00 X1

14,10 CM

14,1000



U7! Un3ve
KV1110 3
JUD MIfi

TBE DP-

SURFACE FACILTES EQUIPMENT
JOB 16039 - REPOSITORY IN TUFF WH%-2 EQUIPMENT UST

mm 9
M" B I? f5JTPIINT

If

EgmW M.

DII C

212 C COS4

212 C Off"N

212 C010

212 U Mt

212 3 002

212 U0On

212 0O

212 D hi

212 3M A01

212 0O 00

212 50ON4

m 0 eon"

212 00 104

212 0111

212 0 012

Eml FMF

-H FM

- mum

I mum

I mum

I mm~

3WOR -

O, mm

42,300 CM

1,500 CM

98,000 oN

P,000UI~~~~~~~~~~~~~~~~~~~~~~~~

13,100 cm

12,300 cm

la500 UN

CA 2 Ew-sm
aRU KM

2 MW-OMU

cmI For -amU

CA I WF" a SW$
on WIL

cmII OFF M

CAI usom

CA 2 £ mK

CA2 W-011f KM1

IaP. Lam

m enu no vi . WI! U

I-

05

00

00 mL 0 a ?mm

05 EMS

00 sIFFL

00 FlU!?

C0 EmwS

as WI.?

00 [UPS

00 EINN AIR m

00

00

05 mmv.

00 [NMIT



PINE OII3IW
EVISICWl 3
in 8403

TABLI D-1

SURFACE FACILTIES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF WHB-2 EQUIPMENT UST

ha o
E~r BY EWLPW 80.

Enw la.W",ET U.P

2 I 0I t
6 F N E

212 I 04

282 3 014

282 3 084

212 E 008 I

282 E LIT

212 F 008 -

212 F 002A-

212 F OU A-F

282 F 04 A-C

212 F 015

212 F 007

212 F OUA

212 F 0 A-C

212 F 0DI "

EGUIEN ILSw l"IN

MT SUB=E

gor SILwM

goI Suwi

FMT SILM

All WUot1U IPa

NoI ML fWJINI FM 2 MOT
SILl - ERm El 8163 cmT

IMA FILME WIT

FIL=E LmI

MDA FILME URI1

MDA FILMR OUT

WDA FILE Mi

18111 m m W ILIE wiB

HIM9 WDA WIFLIE 11K11

IDA FILlER V161

MM7 FILME WIT

("NYl

13,100co

031040 SFN

42,000 CM

42,3005CM

1101Ms

awmIrL Km
601t4 am B

500 cm

5000 CFO

5000 C

U50 ON

17,100 51

87,500 c

7,100 CM

,so cm

1 8 0 0 5

STAU

CA

CA

FA

CA

CA

CA

CA

CA

CA

(A

CA

CA

CA

lifem KID I
9011TT UEAJIN WA"6 FL DIA.L USC ML.

I UW-UB

LmME. GAC

2

I

4 WAC M5O-2124-296

* WJW.1 8911 5-212+-313 5K-212-4-291
UTIUML

I camT WA SK-28-1206
FILIERIID

3 KED" IDA S-202-6295
FILER FM

I Wm G=G-282-6-215

I M Iliiui S-2*2+1205
aO SLL

I cm Am~ils S-212-1-205
NOT ML.

3 OUST BU 5K-212-11-205
FILER an

2 IALI urnW S-212-11-207
uHucA. sI=

05
AM1 Rom fik

15 EWE MRRIUU

15 SYI 0W 4O

15 11111

15 15415

15 DIEriC EDMT



UT! WlsF3
T!VISM 3
J!3lW39

TABLE D-1

SURFACE FACILMES EQUIPMENT

JOB 16039 - REPOSORY INff TUFF WIS..2 EQUIPMENT LIST

pM it
tgmIIT MPVfTU

U'

twimm s.
" ri p
h O a C
8 e R E

212 F Ole"-

212 " 002

m I Io"

212 I M9

212 010

212 012

212 H II

212 I 01

m 22 Mll

212 N 01

212 H 02?

212 N 0

22 N O

2 H 03

22 12 0

-mmI mw

mm~ VWi gm EM WmO.

309116 TRAPuNam

-f-

C"Mt Opm i51.

a~ Roo a

3IM 16M I IFM T

-M - Wit

-. 10 ,u

PIlt. 5

158yi nim

42,300 cm

2001 L

5 156

t01TM

20156

525 TMB

112 TM

12525 MO1

201me

201MG6

20in

nm156D"

mm a

3 I

MI.

STA

CA

ND

S

CA

S

Is

S

S

S

CA

CA

CA

4uw Feiuo

2 M- U E 1 It

PM 51514161

4 I1twoIM

2m. ml

I gm o

I 9019116 on

2 51581

4 --. MTIP.1

I CM FE16 -

2 51581

MT MLPSM

a mum
r CELLU M

W-2124P-317

SK-2124P-317

OK-211-Pl-317

OK-212+4-17

. ,u h 1 1 1 1 1
51W11 noW DIAL Wgm f

K-2 4 -

P(-21?4-W501

SK-212-W01I

M-212-I91-i

M-2124I501

mg

07

0I

0I

07

07

0I

I06

0&

PK-2129P-317 OK-212fl-M0

IR-212*05e1

SK-212*-1



VA Will P
EVI,11 3
JOUBOI

TABLI D-1

SURFACE fACIUTIES EQUIPMENT
JOB 16039 - REPOSITORY IN TUFF WHW-2 EQUIPMENT UST

NK 12
GMT W WIIMDI IL

EW~ WqM.
60 'WIP

C r U t
Sff P% "f E%

212 N W3

212 W 034

212WU 0

212U 037

212 N 3

212 N @

212 N M0

2t2 N 41

22 N 042

212 043

212 W 0

212 001

212 N 02

252 M03

212 003

NUE aWE

RELTU AltUII K~lU~a OW E E M ii C N S P

IU TI L O U

FACILITY WYIE

REL LWU6 Ku= m

KEW mmW

Mm W W

WAIGMD~IM mm

CELL MM

CEL OWN

wficm

10 n6

10101I

t0 TME10101l~

2106

2 tDO

2 tOS

29 11W1

25 NP

1W

SIP

S W

OL

14WC tU;

0

ID

M

W

0

0
U

a

U

0

W EEJI P1W I4S~~~~~~ttlu K"ID IU6BRDITI L1AII WAZI FLOW UA. L IC IL

4 WW.IAN K-22-P-317 K-212-1=

4 05JMAJ 5K-2U-1-2
HIT ML.

0 ommium 5-252-1-5
WT ML

2 PWM6 K-21246317 SK-212-N-M

2 PlaUU O-212--5
HIT WIL

2 Nh~mZ SK-212-1-503
HIT LUL

2 NhW IU 5-2L2410
lt CEL

2 MM X1MI 5-212-1017
9llt an

Ialm lialll

* w mti isi

leT CELL

3 WWmaUm 5K-2124-2

4 MMOUtAN K-212+-PS

U T UUWS 9-22LBeT CELL
I S t ID L U S S- 2 4 - 5

2 IITIIMIAN SI-21231
WIM mL

aST

04

04

.04

04

04

04

04

04

04

04

93

03

93

03

3' x'

3 x33



Om! o2113a
WYIttH 3
J!3 1603

TABLE D-1

SURFACE FACILITIES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF WHS-2 EQUIPMENT LIST

FM 13
WRT IT fanpmIT la.

212 N 003

212 N 0

212N 03

212 N 001

212 I Om

212 N 007

212 N 05

212N O"H

212N O." E-

212 N 010

212 N 012

212 N 013

212 I 014

212 N 05

212 N 011

E nlm awiilTim ovm ni mTvu am

emL Nl?@ 3 'sx3'

MIL II W I's 3'

51LwIKm 3'u3'

MOE ,inmr. 9ffw mm to If

var. 31 !ut NIIL4 m m 7.5 PP

uiya 1 mS -gJ H 7.9 IF

9IIRin mm - 51.151"M

MINI N!mm~ lI

MVELl

ulp

CA

Is

CA

Is0

Is

Is

ND

Is

Is

.3

20 MI lie

4 IV. WIL

I a"7 low.

MIT M

e un PW pm

4 WIL1IEWT
MCTUML

2 FF P A I

"LTh

2 P~TU

I am~ 9Tif
mm~

"i. nm off . F7C O .

SK-212-P-315

SK-212-P-313 SK-2124-0-

IK-2121MP

lE-212-R-M0

PK-212-P-315

P-K-2-P-315

MR

06

03

es

es03

03

es "ATM 70 IT

0

03

as 6' VIA

03

03

03

03



-B6 WISIlm
NEV111011 3
Xs 1403

TABLE D-1 "a l
gilt O ElAlmtV' W

SURFACE FACILmES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF WHB-2 EQUIPMENT UST

0

MUJID w.

212 I 021

22 024

212NU 02 4

212 II OnE-F

212 N031

212 If 032

212 NG03

212 II on

212 N040

212 N041

212 N042

212 N 043

9LICIRA mmS

W J I U T 11I1E11 ? hl 0 1

INIIHATNINM D

9INNAM S W UIE R 2MN

1IR f IMI VAV2WII

VW sMIN mmn U

0.R UZX 9suns on W /I~

CA

MD

U

U

U

Ca

w

U

Q

Ca

w

amTit

2

2

2

4

2

4

4

4

I

U

S

4

4

2

2

1w

WE NWS.

HWO I CEL

EV IU

Lu FMWYUS
s swiml MAY

cm Wc1Vvwl
941M6 AM =.

CAW 1IW W
TRO Io

NW$B UK1 ML
_WII .

PFCW6 IGi ML.
WAO 10"

"'mil
WIWF .

OLumID
Mir GU.

fomi~k K&ID

SK-212-N-504

9E-212Fi-315 SK-212*G01

SK-2124-1315

SK.212-P-317 - 5 - -0

UK-212-P-313

IK352U.p6317 SK-212-NSi

5K-212-9-313 SK-212+303

SK-212-9-315 S(-212N-1503

1W

03

03

03

03

03

03

03

o0

o0

03

03

03

03

03



la 021IIp
wnsltm 3
Xs ,63

TABLE D-1

SURFACE FACILITIES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF WHB-2 EQUIPMENT UST

PAR is
SW l1 EWIFW IS.

I?

nIPI N.
U T N P
D I U C

S p H E

212 N M

212 N 04

212 P 001 A-C

212 P 002 H-

212 P 003

212 0 002

212 0 003

212 U OM

212 0 O

212 0 00 A

212 a 00 C

212 0 ONA

212 0 O"H

212 It 002

212 A 02

EMIM awT1U CWCIIt m am

91 H. V U.W

Sm "E WO rt w

ORM WM Ef IIIEX l 6 25 WP

tAIP I FI'lEm
CW tEmm WT

e m t WS 11 11P
sW51ER

wIVnn M srmiu

cm MS. srat"

AlR FIUmER FNIE SFIlit
FILME 1MW>IT

AIRFILTmR FMI W101
FILtEI Mpro

AIt FILTM FWE 9FR

Alt FIE FSI 96!M

IwTR mWM
MT OF 2

REP
ET F 2

NVEL

mm

mS

(A

CA

CA

01

a

cm

Ca

CACA

UflIril

4

a

3

3

4

2

2

2

2

I

2

4

1DUTT5I S fU N DIM. s CM P l.

WITAIYI SK-212-315

on 111M S-212-MI

IEmm -
Wwrs sq

FYIn? rA

WIm SK-212--M1S

mrWN dSK-212-JIm

P f F - P- I l l - -i

am1D l SK-212-P-3t5

KIOT MLI

o mt1 W1 EEL-3

MT ML

mm

MT M~L
Utailmt St-21211M!

Mr ML

CDIT
Kar FDMA REV

03

as

05

05

06

0&

06

06.

06

06

06

06

06

06

06



VA ovum1
~l16W 03
XI thm3

TABLE D1-1

SURFACE FACILITIES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF WHD-2 EQUIPMENT UST

PAM 1&
6011 I? EWUIRENT NO.

C

EgJU~ENT 10,
N T N P
* T U e
S p N E

212 R 002

212 N 002

212 1 002

212 3 004

212 U 00

212 IT ON

212 I 00I

212aW on

212 N 00 C-F

212 N 000 W

212 S 014

212 S 015

212 S 014

212 S 01

212 1 02o

212 9 021

ault INSm
1011~m M K121fl10 CAM I1Y PMINlD P M

SET W 2

SIT I 2

-E WAS WXIPAATM
ST IF 2

MIKE NOWIT EIN NIMILATOR 101MG

1849-1111W0 KNll WIUWUAT

MaK NU. mca m

PEUWL humii off

PIMSTL "ionE 1110T

FErSTA Namu F"

ml C IMILE I IiLPAM

WHOPI toC wau OR VI 12510e
aZvi

-AS STWA CAR

FULL INFITJLDI SlAT 1W

FLATIFOIN 7200 99 FT

111L1 STATION NLATFU 80so Ft

'EVns

CA

CA

CA

CA

CA

CA

CA

WUITT1 LOCATION mms KIM DIA& SUE U.

NOT CLL

4 was 1w~t
INT. CELL

EWTNNIL

4 WTI DM

4 KaZmm

2 IMIIND

4 EFNX YII

2 MM12pIKWM

* C46 FAXI N

U I4DK UV M SK2212--3IS

2 UlI lie SK-212-P-315
WIT CLL

2 CM HU M
am_ STATION

0A

oh

0&

07

06

07

07

06



Wml 92131117
IeY!sJi 3
JO, 1403

TABLE D-1

SURFACE FACILITIES EQUIPMENT

JO! 16039 - REPOSITORY IN TUFF WHB-2 EQUIPMENT LIST

PAM 17
on BY EWrnFMNo 1.

212 8 023

212 9 o02

212 S 031 C-D

212 9 OM3

212 1 034

212 9 on3

212 9 Oe

212 9 044

212 9 045

212 s 3

212 £ 054

2129 070

212 s 071

212 9 0n

212 s 07,

MSI Em KW PFWUL

NU lW 41 lufi u 91!

cm

WflUm WIN1171fiNm
cm

EEJYPIW IT M t C mif 20 ? U S 3 19

rumPE AW T IWISW 121

VWE 1137 111 C W7W 3

IuWOM al~ CWT 219F

KEC IN O PJ9I 2 1IF

iutrt a m Di W E

MI!T PamM am)Y

'STY

CA

lo

lo

MS

U

M

NO

M

MR

MD

cm

11MIThy ummI5

4 ILS.IL SM M
I NT? gm

2 tN.USIS

2 MITM 7N
WER

4 Fe" EWT
MM. CELL

MONT. MiL

2 MINT L

4 I"tIMMU.

4 my MINT.

* WPIIT.M

4 J5611U

1131 LULmc

OK-2l2*4t

SK-212*9T11

ST-2124W!0

amf

04

es

01

01

01

01

01

01

01

04

01

01

06 CMl 'IV12 MN 212-E4ZT

01 CmI INW1M IN 212t4-gI



mot W1I347
WEVIS IW
iul 140w

TABLX D-1

SURFACE FACIUTIES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF WHIB-Z EQUIPMENT UST

Pm Is
GM MiV EuJ1FNL

N

EWIle Is.
0 T N P

S P N E

212 S on

212 S 074

212 S on

2U28 at

212 SOtt

212 5070

212 5o0

212 W S alA

212 5 il

212 S S

212 5 ell

212 S 0

212S5 G

2128,

WIDE UIK lINTUlb GM1
IFy11

CUTICALITY & RMIATION

LEAI lTM 9TATIUN

W0.IanIE iamr & FWATIml

PIEL fGWAIADIU LK fATIEN

Eli INIXETION 9111111

FILU A1BY FWK LGIVA

LUITAWM 1I1ESU CAR

CONTAINER EUINII NATION

&ECISL Mum

KIA

STIM

U0

U

ND

ND

Ca

ND

ND

U

U0

ND

ND

ND

g0Mnw

4

4

4

4

4

2

2

4

4

2

2

2

2

2

MIT MLI

WT ULL

WTWLuw

IwTML

MT CLL

Iw CELL

lw CELL

w"HIATIlEN

9ONIM1 91O
~W CLL

foaWDII
WT cl

W1A" RN 5116

SK-212%-W-8

SK-2I2*G02

IK-2124Ii0

coI
DeE IU. lGT KW6S 1E- V

04 COST tNCA11E IN 212-f-WS

04 0CM INIAED IN 212-f tT

04 026T INIAiWE IN 21H-f-fST

04 025 bINCU IN 212-C-UST

04

04

04 Mg6 lIWIES IN 212-EI.ST

04

04

SK-212*50-

SK-212-*-10

9K-212+50

WK-212-NO2

*K-212N-10

SK-212-0*592

GK-212.*G0

04 cm 13.ai IN 212--

oh cIm lIlIES IN 212-fEST

04 112 M0811t 3

ok

SK-212-P-315

SK-21246313



MIT 02123M
mISWIQ 3
313 16039

TABLE D-1 m 19
w" I? nEWiPY' 1W.

SURFACE FACILITIES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF WHB-2 EQUIPMENT LIST

II t II P

22 I 092s p II E_* _t ft* ft_

212 9 017

212 5 09

222 5 20

212 0"

212 010

212 T M00

212 TWe2

212 V 00

212 V 002

.212 VMCO

212 V e

212 V O

212 1 002

TEjIPO awl13 ClcmlI TIN MMI.

FULL t OM7 OUMI1IR STOW

12MIDATlI FM MM

lwI 1- E RlEN

Mm~ Txw fam

1 TM Sgty

F VI"012M Bit51

Mm V sFM

IWI Vm"IIS MEIENI

Mm nEV oS

WTATWIT MMMIN 5

U103

MLI

10

ai

ND

ND

.m

el

CA

CA

Ca

Ca

~~w R

HT mlD

MI ML

4 -D-2
MY ML

4 "lTlU -21lt.

4 FMI IW["OM

M0t MtL

anym SK-2121,m
ItMT ELLIUtOImL2 mmIw SK-212-9950

"We' MY ML

4 WCJURTTU

IC
I "aim

MtCE LL

I M W

I am
* EMrIIET.

4 FM M
I10VT CLL

I wR Wm1WU
& 9INIPI on

MST
Mme R5IEV

06

06

025? IIVCE II 212+211

M1IT l111tm IN 212-f-T



ME wflW
NEVIIS 3
Jo3 JAM3

T ABL t-1

SURFACE FACKfES EQUWMENT

JOB 16039 - REPOSITORY IN llFF SOP EQWMENT UST

M 20
GM W EUWI" ML

E0JII16M1 IO.

2M U 001
I r u c
S P M E

215 M 001

215P 002

215 P 00h

2U5 P 0054-215 P 004

215 P 00 "

215 003

235a 0 is

2150 0 5

215 a "

2130 WI "

2M a 000

WJIFIINI DEl O IT

RIE LAE W MaE am=

HOUC UNTUM PMW

= fWEONI R

WAN Nulls 1PJ

VWu FUNa MIW F

wm FomLPfi

Sma F SWIN1

m u r u 5 m i u PME SaT

W=; FILL as 1111
51*1

C81Am FILIER

907 CMRlMD FILUR
Pou P 1UBSAnUI

MWmwo OVAGs
cwxnv -L am

cm~~~~~%ow

7.5 196

ian
to0 FT 15

15 im30 Ft UN

Is o

51001119

15 W11

100 FT IN

no"T

"NOFt1

100 FT IN

IN0 W FT

SW

1W

1W

5MW

CA

CA

IA

to

Ca

a

CA

u

u

w. iIT

I

I

2

I

I

2

2

I

3

I

I

£

I

2

1

mUMN im4

WA UMMN SK-2J151-

anmGIE IllAW M-Uw-w

an

muR WaM SK-25K-I&

m ua n u 2 1 - -

amWmu IuAIW U-21-47
as

muW iwUHM S-21sW-W
am

E N4

Am.

mu JWl 9K-21UH-1
an

Wm ixMN K-215--1
aC

mu MAN1 SK-215*K-U
m6

1M ULM" SK-21S4-10

P 1 W CI N W I C 0

5K-215-1-14

M-21UH-1U

SK-2Lt-IU

W-210-145

SK-2*K-U3

M-215-145

GK-215+-143

5K-215-4-SUl

IX-210-M

SK-2351-145

5-2W-US

SK-205*445

SK-215-K-163

MST

01

03
40 FT. W Of 10 FT. am

01 WIuIWa LU al.4 3

01 W1RMAL LU. WGI

ol wemwim s.c. MNSNom

03 UMW1R5A6 LLS UMBIWTIa

M CMUUGaLt LU. CMPWM

01 M" PJIr, U. CmuJ

01 W" MW. &L. emamom

01 31 FF 5E 901 la Ka t
1E 4*'3'34' SIE I=S

01

01

03 (IaN. s4LB & WAML

s v1 01

01

INSWRIIWS lia 20-009

U.L FILTR 112611(PII1&,4IL
.SI1MOMil FU lR UMOWIR

No Cmm, suap WINDS,
WE ORATIOND W MTV



gm! OVl3Wu
RIVISM 3
no 1000

TABLE P-1

SURFAc FACILITIES EQUIPMENT

JOB 16039 - REPOSITORY IN TUFF BOP EQUIPMENT LIST

PM 2?
W"t By tMVI!NT to.

U,

N T N P

21S a o(ow

215 00ee

215 5 002

2XS 5 00

215 5 003

213 S O

215T OM

XIS 1 Cea-Ba215 T >e

215 T 004A4

2ITS 0050-3

215 T OM

215 M 1

21s I ON1

a~la mm
MWIMIIT twir7lsH CMIT MIlS aimS

I S I E 1 0 R 5 1 I I

IM a M 991

fE~LMIC MB ttERY

MftER ?RWIh 0

mm MTtER Imlaw D

FUTw TMf Is m5e

WMY 51MM' so 50 SO

!lqmite TAW totem SO

FORLIFT ATTErf F0WS5

STATION

gm Mm~~~~~~50 Los

RWL

CA

CA

CA

CA

CA

CA

CA

CA

LA

CA

CA

2

I

I

I

I

1

2

2

2

1

an

-IM -11"
gm

WMow"

KM

PHUM
WM------------

SK-21"-Iff

SK-211H-167

FIJ DIAL

SK-215-K-16

SK-211k-165

SK-2l54-IM

SK-21"-1-rn

SK-2154-IMi

SK-2tH-165

UK-2154-I65

SK-2154-165

SK-2rA-1-I

01 tinUMD III 2154-ft0

01 11M0 D4 IE~llI LAlTIVII

01 114 IN SIL-ftAlI9

01 VIMM 21FT
SIIUM YM

01

et 12111111 1w 55 sum US

01 B.S. U R I. 1 0 1 V1V W ITT A.

@1 B.S. RTWIL. 1011 WIKER

01

Km

Wm.3 mf

IRA

WMtrin

PA

wY! WNAIMPN
PA

Wm. RY

SE-2154-lh

IK-21S"-167

SK-2154-167

SK-2154-16I7 OK-2fH+t65



Slyt UUSW
NEVISIM 3
J 1m 9

TABLE D-1

SURFACE FACILITIES EQUIPMENT

JOB 16039 - REPOSWORY IN TUFF

PAGE 22
MO5 IN EOWlyWNO .

luiE r No.
r Ti P

I ' U C
S II E

ft" f %

230 C 001 K

230 C 002

230 t 0O3A-E

230 3 W1

230 3 002

230 003 A-E

230 3 00 -

230 D 005 A-J

230 3 09o 1A

230 F 001 *

230 F 002

E~E~li a Ia Flil1,2,3,4&5

AII lA IR ifflw FM

Wto AIR U F

MMW0 D FMR EMlSW AM

SILDW

ISLATKN NM

snLATI DOM

IEPA FLUX ll1. 2. S,4 *

1A FILMER

'""lvy
wcmw

231000 u*

14090 UN
It LB.

49000 ON

40,eQo U

23500 CM

"Me CMl

096,000 UFN

16,00 CFO

flEC1RWl@

1000 I

2WIF

ESIAN SIW

ca

(A

CA

CA

CA

CA

CA

CA

(A

CD

U4

QW1T1 LIIAlMu

S

I

I

I

I

1

12

W-230401

PKID I
RMU DIA EC UIL

- -

MOT

83

es IUmaiI Kwl

SK-230-P-302

SK-230-P-301

Is

is

3a

S(-2*f-X2

K-23+-301

SK-230--

13

es

Is

SK-230P-301

83 6170 IWEF a W
2 4* SFIEA

63 I l'V 1 23'I I 34I L

53 (OEaW KWI



3.0 UNDERGROUND DEVELOPMT EQUIPMENT DESCRIPTION

This section describes major equipment used for the excavation and
operation of the subsurface facilities. The equipment is discussed under
three categories: drift excavation equipment, borehole drilling equip-
ment, and equipment used for general support underground.

3.1 Drift Excavation Equipment

Conventional drill-and-blast equipment and full-face mechanized
boring machines are used for drift excavation.

Drill Jumbo

Two-boom, electric-hydraulic drill jumbos will be used for blasthole
drilling in the conventional drill-and-blast headings. This machine uses
a diesel motor for tramming and electric motors to drive the hydraulic
system for the percussion drills. A trailing cable supplies power to the
machine, which is otherwise self-contained. Hultiboom drill jumbos are
commercially available from several vendors.

Load/Haul/Dump (LHD) Machine

Diesel powered LHD machines will be used to move blasted rock (muck)
from the various conventional headings to the belt conveyor system. The
LHD is a front-end loader that has rubber tires and a transmission
designed for equal speed in forward and reverse geair.), 'Its 5-8-yd3

bucket is suitable for the longer hauls expected. LHD machines are
commercially available from several vendors.

Rock-Bolting Jumbo

The rock-bolting jumbo is a three-boom, electric-hydraulic rig
designed to install welded-wire mesh with rock bolts or dowels in a
single operation. The outer-articulated arms hold the mesh against the
drift crown and walls while the inner boom installs the necessary bolts
in the prescribed pattern. A diesel tramming motor powers movement from
one heading to another. Rock-bolting jumbos are commercially available
from several vendors.

Scaling Machine

A scaling machine consists of a hydraulically activated impact pick
mounted to an articulated boom on a rubber-tired, diesel-powered carrier.
This rig allows a single operator to safely scale loose rock from the
perimeter of repository drifts. Scaling machines are commercially
available from several vendors.

Tunnel-Borinp Machine (TBM)

The TBM is an electrically powered, full-face excavating machine
that cuts a circular opening in rock. The size of the machine determines

D-27

D-35



the diameter of the opening. An adjustment of 1-2 ft in the bored
diameter is possible in specially manufactured machines. Cutting is done
by hardened steel disks mounted to the rotating face of the machine.
Hydraulic cylinders provide forward thrust on the rotating face; hydraulic
gripper pads that extend outward to the tunnel walls supply the necessary
reaction thrust and torque.

Cuttings from the face are gathered and transferred behind the
machine by a belt conveyor. TBHs are available from several manufac-
turers but typically require 6 mo to 1 yr lead time, as they are usually
built for a specific job.

Underground Support Equipment

A variety of diesel-powered vehicles is required for support and
maintenance of the mining equipment and for miscellaneous underground
tasks. Typically, this machinery is mounted on a two- or four-wheel-
driven, articulated chassis with rollover protection for the operator.
All diesel exhausts are scrubbed by liquid or catalytic exhaust purifiers.
Commercially available support equipment includes

* shotcrete batch truck,
* concrete mixer/transporter,
* bulk explosive loading truck,
* lube truck,
* fuel truck,
* crane truck,
* personnel carrier,
* flat-bed carrier,
* flat-bed truck,
* scissor lift, elevated bed truck,
* single-boom basket truck, and
* rough terrain forklift.

3.2 Borehole Drilling Equipment

This section describes major components of the emplacement borehole
drilling systems proposed for the vertical and horizontal emplacement
configurations.

3.2.1 Vertical DrillinR Equipment

The vertical drilling operation is a two-step process requiring two
major pieces of equipment, a small-diameter pilot drill followed by a
larger reaming drill. Both the pilot-hole drilling system and the
hole-opening system have crawler-mounted machines that move readily from
one hole to the next. The crawlers are equipped with roof jacks for
positioning and reaction of drilling forces and with leveling devices for
alignment. Both the pilot drill and the reamer drill are modified
versions of commercially available equipment. A detailed description of
the equipment is provided by Robbins (1984).
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Pilot Drill

The first step consists of drilling an 1l-in.-diameter pilot hole
27 ft deep. The equipment required for this is a standard raise drill,
modified to accept a 1O-in.-diameter drill pipe. Mounted on the crawler
is an electrically powered hydraulic power package, which supplies power
to the rotary drive motor, hydraulic thrust cylinders, and pipe loader.
Space remains on the crawler for drill string component storage and an
operator's control console. This system also requires electrical power
to drive the hydraulic pump motors, compressed air for muck removal, and
water for heat exchange and dust suppression. All system elements are
either standard or similar to existing equipment. Figure D-1 is a
schematic of the two drills operating in a typical emplacement drift.

Reamer Drill

The second step in the vertical borehole drilling operation consists
of opening the 11-in.-diameter pilot hole to a 29-in.-diameter hole 25 ft
deep. (The pilot of the reamer bit follows the pilot hole, which is
drilled 2 ft deeper than the depth of the final reamed hole.) Reaming is
also performed by a crawler-mounted machine that can move readily from
one hole to the next. One additional system element, a vacuum system, is
required for muck removal. This unit is self-contained, mounted on a
trailer, and towed by the crawler. The unit is connected to the drill
system by a flexible hose attached to the muck discharge on top of the
movable portion of the raise drill derrick. The reaming machine itself
is modified to accommodate an offset drive to provide adequate muck
passage through its center. Also, this machine employs circular guide
columns to enhance stability. The blower drive motor, which is part of
the vacuum system, increases the electrical power required by this system.

3.2.2 Horizontal Drilling Equipment

A horizontal boring system is being developed. Detailed descriptions
of the most recent equipment are presented by Robbins (1987).

A schematic of the prototype development hardware under consideration
is shown in Figure D-2. This system consists of the following components.

Inhole Drill

The drill motor is located inside the borehole and drives a drill
head fitted with carbide-insert roller cutters. The drill is connected
to the borehole liner through a ball joint assembly that allows the drill
head to be steered to maintain proper trajectory. Steering is accom-
plished by hydraulically actuating wedges that push against the liner and
force the drill head into alignment with the desired trajectory. A laser
guidance system is used by the operator to determine the current position
of the drill head so that corrective steering action can be taken.

Borehole Liner

The borehole is lined as it is drilled. Thrust to the inhale drill
is transmitted from the mobile derrick through the liner and ball joint
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Figure D-1. Vertical Repouitory Drill System (Pilot Drill and Reamuing Haebine)
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Figure D-2. Horizontal Borehole Drilling and Lining Machine



assembly. The inhole drill can be removed for maintenance and upon
completion of the hole by remotely uncoupling the ball joint assembly
from the liner and pulling the drill assembly through the inside of the
liner. This operation is possible because the drill head's diameter is
smaller than the liner's inside diameter. By mounting the drill head
eccentrically on the rotary shaft, a hole larger than the liner's outside
diameter can be drilled with the shaft centered; by moving the shaft to
an eccentric position, the drill head is centered and can be withdrawn.

Mobile Derrick

The derrick is anchored to the walls and roof of the drift and
provides thrust to the liner through a traversing head powered by large
hydraulic cylinders. The traversing head also provides passage for the
muck pipes that carry rock chips from the drill head to the mucking
system.

Mucking System

Because of the self-imposed design goal that little or no water be
introduced into the borehole for chip removal, a vacuum mucking system is
employed. The system consists of vacuum pumps, muck pipes, and filter
boxes. Clean air is drawn by vacuum down the inside of the liner, across
the drill head where it picks up rock chips, through the muck pipes, and
into the filter boxes. Primary and secondary filtering removes rock
chips and fugitive dust particles before discharge of the air back into
the drift.

Although this system design is newly developed, it is based on
existing technology. The inhole drill represents a reduction in scale of
current tunnel boring machines (TBE). Drill head and cutter design, as
well as thrust requirements, are based on extensive blind-hole drilling
experience. The derrick assembly design draws heavily on extensive
experience with raise drills in operation worldwide. The vacuum mucking
system design is based on pneumatic transport of rock cutting in
tunnel-boring, backfilling, and drilling operations.
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4.0 UNDERGROUND WASTE TRANSPORTATION AND EMPLACEMENT EQUIPMENT

The waste emplacement concepts for both the vertical and horizontal
waste emplacement options are presented in this section. The systems for
normal waste emplacement and retrieval are described in additional detail
in Stinebaugh, et al. (1987) and Stinebaugh and Frostenson (1987).

The equipment concepts presented represent the current, documented
configurations; these concepts are subject to change as additional work
is completed. These concepts are based on adaptation of commercial
equipment components and technology to ensure feasibility.

4.1 Vertical Configuration

This section describes the (1) vertical emplacement borehole, (2) the
hardware required to prepare the borehole for waste emplacement, (3) the
hardware necessary to close the borehole after waste emplacement, and
(4) the equipment needed to support operations. A cross section of the
vertical emplacement borehole is shown on Figure D-3 of this appendix.

4.1.1 Vertical Emplacement Borehole and Borehole Hardware

4.1.1.1 Vertical Emplacement Borehole

The borehole, as shown in Figure D-4, has a 29-in. diameter and is
drilled to a depth of 25 ft. The upper 6-ft section of the borehole is
counterbored to a diameter of 34 in. to accommodate the beveled ring on
the partial borehole liner.

4.1.1.2 Vertical Borehole Hardware

Liner

The borehole liner- (Figure D-5) provides structural stability for
the upper borehole, protection for the mouth of the borehole, assistance
in positioning emplacement and retrieval equipment, attenuation of radia-
tion from the borehole, and a means for securing the borehole cover.

The tubular-steel borehole liner extends approximately 12 ft into
the 25-ft borehole to encompass the pintle and upper portion of the waste
container. The liner supports the plug and centers the upper part of the
waste container in the borehole. The heavy beveled ring that encircles
the liner at a depth of 6 ft transfers the loads imposed on the liner by
the plug and the emplacement and retrieval equipment to the surrounding
rock. The presence of the beveled ring creates a 2.5-in. annulus between
the borehole and the liner that extends from the drift floor to the top
of the ring. This annulus is manually filled with grout or aggregate to
within 12 in. of the drift floor to provide additional shielding and
steady the borehole liner. The beveled ring also serves to attenuate any
radiation that may pass through the annulus to the drift. An additional
interior liner is built into the lower 23 in. of the borehole liner. The
plug rests on this section of the liner. Together with the main liner,
the interior liner extends into the borehole far enough to encompass the
pintle and center the upper portion of the waste container.
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Figure D-3. Design Conf igurat ion for Vertical Emplacement~
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Figure D-4. Vertical Emplacement Borehole Dimensions
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Figure D-5. Vertical Borehole Liner

D-36



Support Plate

The support plate (Figure D-6) is placed at the bottom of the bore-
hole. The support plate centers the bottom of the waste container in the
borehole, isolates the base of the waste container from the bottom of the
borehole, and eliminates points of high stress by supporting the weight
of the waste container evenly. The triangular holes in the support plate
permit drainage of any moisture that might accumulate. The plate is
lowered into the borehole before installation of the borehole shielding
closure.

4.1.1.3 Vertical Borehole Closure Hardware

The borehole closure hardware consists of a shield plug and cover.
These items are used to secure the borehole after waste emplacement.

Shield PluI

The plug, as shown in Figure D-6, is made of cast iron, steel, or
other dense material. A pintle, dimensionally identical to the pintle on
the waste container, is located on the top of the plug so that a common
grapple design can be used for both the waste package and plug.

Cover

The borehole cover (Figure D-6) provides final closure and identi-
fies the location of the borehole. The cover bears the borehole identi-
fication number and an identification plate that describes the type of
waste contained in the waste container. The cover also serves to prevent
debris from falling into the space above the plug so that, if retrieval
becomes necessary, access to the pintle will be unobstructed. The cover
also provides some radiation shielding and prevents tampering. A bar
secures the cover to the borehole liner and provides a place for instal-
lation of a security seal.

4.1.2 Vertical Waste Transportation and Emplacement Equipment

Only the major equipment required for vertical waste emplacement is
described in this section; this includes the container transporter, the
modified forklift, the borehole shielding closure, and the shield plug
installer/remover.

4.1.2.1 Waste Container Transporter

The transporter, illustrated in Figures D-7 and D-8 is approxi-
mately 25 ft long, 10 ft wiide, and 8 ft high and weighs approximately
120,000 lb. The transporter will have sufficient ground clearance to be
able to move over previously emplaced waste containers in covered bore-
holes. Either diesel or electrical power will be used to drive the
transporter. The transporter han four main parts:- (1) the transporter
cab, (2) the running gear, (3) the hydraulic system, and (4) the cask.
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Figure D-6. Vertical Borehole Support Plate, Shield Plug, and Cover
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Figure D-7. Waste Container Transporter in Transport Mode (Vertical Configuration)
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Figure D-8. Waste Container tranzporter in Emplacement node (Vertical
Configuration)
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Transporter Cab

The cab will be partially sealed so that the pressure inside the cab
is always greater than the pressure outside the cab. The inlet air will
be temperature-conditioned, filtered, and monitored by a continuous air
monitor. The operator will be able to select one of two filtration modes:
(1) a mode that removes normal dust and (2) a high-efficiency mode in
which inlet air is filtered through HEPA filters. The transporter cab
will be shielded to reduce the radiation dose to the occupants. The
small rear windows (facing the cask) will be made of leaded glass and
will provide adequate visibility. All windows will meet the necessary
safety requirements. The cab will be designed to limit the operator dose
to less than 1/5 the allowable dose of 5 rem/yr (DOE, 1986b).

The transporter cab (Figure D-7) is designed to accommodate two
occupants. The cab contains the driving controls and separate controls
for the emplacement equipment: cask-positioning system, cask hoist, cask
closure, and borehole shielding closure. The cab will also be equipped
with a radio communications system that enables the operator to maintain
contact with other vehicles and various control stations in the
repository.

Running Gear

The running gear, as shown in Figure D-8, will be a rigid-framed,
four-wheeled design with electric hub-mounted DC motors, powered by two
150-kW diesel generators. The vehicle will use the front wheels for
driving and steering and will be designed with a minimum 25-ft turning
radius.

Hydraulic Systems

The cask-leveling circuit will control four hydraulic cylinders
(jacks) located at the four corners of the transporter frame. These
cylinders will operate simultaneously or individually to vertically
position and level the transporter. The forward pair of cylinders will
be connected so that the load is shared by all cylinders, making the lift
system analogous to a three-point lift system. The cask-rotation circuit
will control two cylinders that are hydraulically linked to permit load
sharing.

The cask-positioning platform and chock shown in Figure D-8 support
the cask in transit from the surface facility to the borehole. The plat-
form is equipped to rotate the cask from the horizontal transport posi-
tion to the vertical emplacement position. This platform also provides
adjustments to align and connect the cask with the shielding collar or
shielding closure on the borehole. An optical guidance system will help
the operator position the transporter.

Transporter Cask

The cask will be designed to accommodate the current 10,000-lb,
15-ft long, and 26-in. diameter waste packages. The cask will be
approximately 18 ft long and 4 ft wide (O.D.). The cask design,
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construction, and shielding materials will limit the radiation level, at
a distance of 2 m (6.6 ft) from the surface of the cask, to less than
10 mrem/hr.

The cask (Figures D-8 and D-9) consists of a shell and shielding
cylinder, a waste container hoist, a waste package grapple, and a
shielding closure at the end of the shielding cylinder.

Cask Hoist

The cask hoist will develop a pulling force of 25,000 lb. The load
and extension of the hoist will be monitored and displayed in the
transporter cab.

The cask hoist, which consists of lift chains, a lead screw, worm
Sear set, drive motor and block guide bearings, is shown in Figure D-9.
The hoist is located on the exterior of the cask and attaches to the
waste container through an opening in the top of the cask by means of a
grapple.

Cask Closure

The cask closure housing must be designed so that shielding for
operations is maintained regardless of whether the closure gate is open
or closed. Instrumentation will indicate the fully open and fully closed
positions and will be displayed in the transporter cab.

The cask closure design (Figure D-9) incorporates a rotating lock.
By counterrotating the drive motors after the gate has been closed, the
lock on the gate key is aligned perpendicular to the key slot in the
housing, which prevents the gate from opening if an accident occurs.

Cask Grapvle

The design requirements for this device are (1) it mst safely handle
a load that is four times the maximum anticipated load, (2) it must
provide both mechanical indicators of latching visible from the trans-
porter cab and electrical indicators of latching in the transporter cab,
(3) it must be incapable of automatic release when loaded, (4) its normal
mode will be "latched," and (5) it must have a backup, Independent
release method.

The grapple will be used to connect the cask hoist to a waste
container. The grapple is shown in Figure D-10.

4.1.2.2 Modified Forklift

The modified forklift is used to transport, install, and tow various
equipment used for waste emplacement and retrieval. The modified fork-
lift, as illustrated in Figure D-l1, will consist of a commercially
available, extending-boom forklift adapted for use in the repository.
The dimensions of the forklift are given in Table D-2.
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Figure D-9. transporter Cask (Vertical Configuration)
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Figure D-9. Transporter Cask (Vertical Configuration) (continued)
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TABLE D-2

DIMENSIONS OF MODIFIED FORKLIFT
(VERTICAL CONFIGU ATION)

Weight Length Width Height
Boom Retracted 20 000 lb 19 ft 8 ft 8 ft
(with ballast)

Boom Extended 20.000 lb 39 ft 8 ft 8 ft
(with ballast)

Forklift Cab

The cab will be equipped with radiation shielding to minimize the
amount of radiation exposure to the operator. The windows will be small
and made of leaded glass; the cab will be partially sealed so that the
interior environment can be controlled. Air entering the cab will be
filtered, and the operator will be able to select normal or HEPA filtra-
tion. The forklift cab will be equipped with a communications system to
enable the operator to commmicate with emplacement operations control
personnel. The cab accommodates a single operator.

Running Gear

The forklift will be rear-wheel steered, and each wheel of this
four-wheeled vehicle will be independently driven by the hydraulic motor.

Extending Boom

The load-handling boom will extend up to 20 ft from the retracted
position. When the boom is extended 2 ft. the forklift will be able to
pick up and haul 8,000 lb. With the boom extended 18 ft, the forklift
will be able to lift and transport 2,350 lb.

Special Fork

The standard fork tines on the commercial vehicle will be replaced
by a special fork (Figure D-11) that can be shifted laterally or rotated
to align the temporary shielding equipment.

4.1.2.3 Borehole Shielding Closure

The borehole shielding closure (Figure D-12) is designed to reduce
radiation from a waste package to levels safe for personnel during
emplacement and retrieval operations. A cylindrical sleeve on the
housing of the closure fits over the borehole liner to ensure alignment
and to provide shielding. The shielding closure is operated by an
electric drive motor, but a mechanical backup is provided to open or
close the shielding closure in case the motor fails. Mechanical jacks

D-49

D-52



- DRIVE MOTOR

LEVELING
'MECHANICAL JACK

LEAD SCREW

PINS

y

Figure D-12. Vertical Borehole Shielding Closure

D-50



are installed on each corner of the closure housing to level the closure
and to provide support for the closure. The dimensions of the shielding
closure are shown in Table 9-3.

TABLE D-3

DIMENSIONS OF BOREHOLE SHIELDING CLOSURE

Item of
Equipment Weight Length Width Heilht*

Shielding Closure 7,500 lb 74 in. 38 in. 12 in.

* The height does not include the extension sleeve.

4.1.2.4 Shield Plus Installer/Remover

The plug installer attaches to the modified forklift and consists of
three major elements: the housing, a hoist, and a grapple. The plug
installer/remover is illustrated in Figure D-13.

Housing

The housing surrounds the plug to maintain shielding during instal-
lation and removal.

Hoist

The plug hoist must raise and lower a 2,500-lb plug. The hoist is
an electrically driven, roller chain hoist. An indicator in the cab of
the forklift will display hoist extension and retraction.

Grapple

The grapple must be capable of holding a 2,500-lb shield plug. The
grapple is similar to that used by the waste transporter except that it
does not provide a visual indication of latching.

4.2 Horizontal Configuration

This subsection describes the (1) horizontal waste emplacement
borehole, (2) the hardware required to prepare the borehole for waste
emplacement, (3) the hardware necessary to close the borehole after
emplacement, and (4) the equipment needed to support operations. A cross
section of the horizontal emplacement borehole is shown in Figure D-14.
The equipment presented here and the operational procedures for horizontal
emplacement are described fully in Stinebaugh et al., 1987.
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4.2.1 Horizontal Emplacement Borehole and Borehole Hardware

4.2.1.1 Horizontal Emplacement Borehole

The horizontal borehole is illustrated in Figure D-15. The borehole
will be drilled horizontally with a constant diameter, then counterbored
to accommodate the larger-diameter entry liner. Techniques for drilling
the portion of the borehole containing the entry liner are under
investigation.

4.2.1.2 Horizontal Borehole Hardware

The only hardware necessary to prepare a horizontal borehole for
emplacement is the borehole liner. The borehole liner covers the entire
length of borehole and provides structural stability for the borehole and
support and guidance for the waste container and dolly. The borehole
liner is Illustrated in Figure D-16. The 350-ft liner will accommodate
15 waste containers and dollies with a stand-off distance from the drift
of 102 ft.

4.2.1.3 Horizontal Borehole Closure Hardware

Shield Plus

The shield plug (Figure D-17) is made of steel or other dense
material, designed as a radiation shield. It has attachment holes
located on the front for installation and removal, and is sized and
keyhole-shaped to fit in the front of the entry liner.

Cover

After the shield plug is in place, a steel cover plate (Figure D-17)
is bolted to the flange on the front of the entry liner to seal, secure,
and identify the filled borehole. The cover bears the borehole identi-
fication number and an Identification plate describing the type of waste
contained in the emplaced waste containers. The cover provides
additional radiation shielding and prevents tampering.

4.2.2 Horizontal Waste Transportation and Emplacement Equipment

Only the major equipment required for horizontal waste emplacement
is described in this subsection. These items are the waste container
dolly, waste container transporter, modified forklift, borehole shielding
closure, and shield plug installer/remover.

4.2.2.1 Waste Container Dolly

The 15.5-ft waste container is mounted on a dolly in the surface
storage facility; the dolly provides waste container mobility without
loading or stressing the waste container. The waste container remains on
the dolly throughout emplacement and retrieval operations. The dolly
consists of a curved steel plate, cast iron or steel rollers attached to
each side of the plate, a rear dolly hook, and a front steel plate that
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will accept both the cask pusher plate/hook and dolly hook. The hook and
shackle allow a string of dollies to be attached together for retrieval
from the horizontal borehole. The waste container and dolly are
illustrated in Figure D-14.

4.2.2.2 Waste Container Transporter

The waste transporter, illustrated in Figure D-18, has five main
parts: (1) the transporter cab, (2) the frame and running Sear, (3) the
hydraulic leveling and electrical rotation systems, (4) the transporter
cask, and (5) the cask emplacement/retrieval mechanism. These parts are
described below.

Transporter Cab

The cab will be partially sealed and the pressure inside the cab
kept greater than the pressure outside the cab. The inlet air will be
temperature-conditioned and filtered. The operator will be able to
select one of two filtration modes: a normal dust removal mode or a
high-efficiency mode in which inlet air is filtered through HEPA
filters. The 'transporter cab will be shielded to reduce the radiation
dose to the occupants. The small rear windows (facing the cask) will be
made of leaded glass. The cab is designed to limit the operator dose to
less than 1 rem/yr. (The allowable dose is 5 rem/yr.)

The transporter cab is designed to accommodate two occupants. The
cab contains the driving controls and separate controls for emplacement
functions.

Frame and Running Gear

The running Sear (Figure D-18) is eight-wheeled with electric
hub-mounted DC motors powered by two 150-kW diesel generators and mounted
on a rigid frame. The transporter will use a steering system that will
achieve a minimum turning radius of 25 ft.

Hydraulic Leveling and Electrical Rotation Systems

The transporter cask is mounted on a 5-ft-diameter thrust bearing,
which is mounted on four hydraulic cylinders located between the trans-
porter frame and the cask thrust bearing mountings. These cylinders will
operate simultaneously or individually to level the transporter cask and
to provide height, pitch, and roll adjustments. Tho forward two cylinders
will be connected so that the load is shared by all cylinders.

Rotation of the cask (Figure D-19) from the parallel transport
position to the perpendicular emplacement/retrieval position is achieved
by turning the cask on the thrust bearing with the use of a Seared
electric motor. The rotation mechanism is designed to rotate the cask
900 in either direction, which allows emplacement or retrieval on both
sides of the drift. optical and electronic guidance systems will assist
the operator in leveling and rotating the transporter cask.
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Four hydraulic jacks, attached to the transporter frame, will be
used to stabilize the transporter and compensate, for weight
redistribution during cask rotation and emplacement or retrieval.

Transporter Cask

The cask design and construction materials will limit the dose rate
on the exterior surface of the cask to approximately SO mrem/hr and to
10 mrem/hr at 2 m from the cask surface. The cask (Figure D-20) consists
of a shell, shielding cylinder, and a shielding closure at the end of the
shielding cylinder.

The cask closure housing will be designed so that shielding will be
maintained with the closure door open or closed. Instrumentation will be
provided to indicate the fully open and fully closed positions. These
indicators will be displayed on an instrument panel in the transporter
cab.

The cask closure consists of two opposing doors. The closure doors
are driven by a motorized ballscrew and are controlled from the
transporter cab. The high pitch of the ballscrew provides positive
locking of the cask doors in both the open and closed positions.

Cask Emplacement/Retrieval Mechanism

The cask emplacement/retrieval mechanism, located inside the
transporter cask, consists of an extension plate, a motorized ballscrew,
roller chains, a pusher plate/hook, and associated cams. This mechanism
is designed to develop a pushing or pulling force of 100,000 lb. The
emplacement/retrieval mechanism is illustrated in Figures D-20 and D-21.

Extension Plate

The purpose of the extension plate is to transport the waste
container and dolly into the emplacement borehole. The plate is
supported in the cask by a series of support bearings and the entry liner
or surface facility trough, when extended.

Ballscrew

The ballscrew (Figure D-22) is located inside the length of the
extension plate and is driven by a 7-hp electric geared motor located
outside the forward end of the cask. The ballscrew is supported at the
forward end by the cask wall as it passes through to the drive motor and
at the back by a rotation/translation bearing attached to the inside of
the extension plate. As the ballscrew shaft turns, it can extend or
retract the extension plate 14 ft.

Roller Chains

When the extension plate is extended or reracted, two heavy-duty
roller chains (Figure D-20), supported at each end of the plate by idler
sprockets, advance or retreat around the plate carrying the attached
pusher plate/hook. The chains are attached at a single point to the
bottom of the cask near the caci closure door.
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Pusher Plate/Hook and Hook Release Cam

The pusher plate/hook (Figure D-21) is mounted, by roller bearings,
on the top of the extension plate. The compound action of the extension
plate movement and the pusher plate/hook attached to the roller chains
provides a total travel distance of up to 28 ft for the waste container
and dolly.

A spring-loaded hook with an extending release lobe is located on
the front of the pusher plate. The front end of the hook and release
lobe are tapered to effect a smooth attachment to or release from the
dolly. During emplacement the hook release cam on the extension plate
lifts the pusher plate/hook, releasing the dolly and waste package inside
the borehole. During retrieval the hook release cam releases the dolly
inside the surface facility port.

As each subsequent waste container is emplaced, it pushes the
previously emplaced waste packages and dollies farther into the lined
borehole. At the same time the dolly hook latches to the front of the
previously emplaced dolly.

During retrieval, the hook release cam, located on the extension
plate, is moved forward 1 ft. The pusher plate/hook is then extended to
engage the dolly before it reaches the release cam. The ballscrew motor
is then reversed, retracting the extension plate and pulling the attached
dolly and waste container into the transporter cask.

Dolly Release Cam

As the first dolly is pulled into the cask during retrieval, the
entire string of dollies in the borehole moves forward one dolly length.
When the back of the first dolly, attached to the front of the second
dolly, reaches the dolly release cam in the entry liner keyhole, their
connecting hook rides over the cam and disconnects the two dollies
(Figure D-23). The first dolly continues into the cask. The remaining
dollies are now in position for retrieval.

At the surface facility the extension plate and pusher plate/hook
are extended 14 ft each (28 ft total), which causes the hook lobe to
engage the hook release cam on the extension plate and release the
retrieved dolly and waste package.

4.2.2.3 Modified Forklift

The modified forklift (Figure D-24) is used to transport and install
various items of equipment used for waste emplacement and retrieval. The
modified forklift consists of a commercially available extending-boom
forklift modified for use in the repository. The forklift will carry a
15-kW diesel electric auxiliary power supply. The dimensions of the
modified forklift are given in Table D-4.

Forklift Cab

The forklift cab will be equipped with radiation shielding to
minimize radiation exposure to the operator. The windows will be small
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TABLE 0-4

DIMENSIONS OF MODIFIED FORKLIFT
(HORIZONTAL CONFIGURATION)

Weitht Lentth Width Height

Boom Retracted 20,000 lb 19 ft ,8 ft a ft
(with ballast)

Boom Extended 20,000 lb 39 ft 8 ft 8 ft
(with ballast)

and made with shielding glass. The cab will be partially sealed so that
the interior environment can be controlled, and inside air pressure will
be kept higher than outside air pressure. Air entering the cab will be
filtered. The operator will be able to select either normal or HEPA
filtration.

The cab of the special forklift will be equipped with a communi-
cations system enabling the operator to communicate with emplacement
operations control personnel.

Running Gear

The forklift will be rear-wheel steered. Each wheel of this four-
wheeled vehicle will be independently driven by the hydraulic motor.

Extending Boom

The load-handling boom will extend up to 20 ft from the retracted
position. When the boom is extended 2 ft, the forklift will be able to
pick up and haul 36,000 lb. With the boom extended 18 ft., the forklift
will be able to lift and transport 9,000 lb.

Special Fork

The standard fork tines on the basic commercial vehicle must be
replaced by a special fork (Figure D-24) that can be shifted laterally or
rotated to align the temporary shield closure mechanism, shield plug
installer/remover, and shield plate attachment.

4.2.2.4 Borehole Shielding Closure

The borehole shielding closure (Figure D-25) consists of a solid
housing that encloses and supports the two opposing, sliding closure
doors and a cylindrical shield collar, which extends outward to engage
and shield the cask closure mechanism. The closure doors are
electrically driven by a motorized ballscrew mechanism, which also
extends the collar using an integral linkage system. Electrical
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connection is established when the transporter cask engages the cask
guide on the front of the shield closure. This connection allows the
closure to be operated from within the transporter cab. After waste
container emplacement or retrieval, the door motor is reversed, the
ballserew closes the doors, and the lever action retracts the collar.

A manually operated mechanical backup is provided to open or close
the shield closure if the electrical motor fails.

4.2.2.5 Shield Plux Installer/Remover

The shield plug installer/remover (Figure D-26) attaches to the
special fork pf the modified forklift and consists of three major
elements: the housing, a pusher/remover plate, and a drive mechanism.

The plug installer/remover is equipped with forklift sockets that
are compatible with the special fork. It is designed to connect to the
borehole shielding closure. The connection includes mating of the con-
trol connector on the shield closure so that the shield closure can be
controlled from the cab of the forklift. The shield plug installer/
remover consists of the following parts.

Housinx

The housing that surrounds the shield plug will be compatible with
the borehole shielding closure and extension collar and will provide
shielding during installation and removal.

Pusher/Remover Plate

The pusher/remover plate pushes the seal plug into the entry liner
through the shield closure.

Drive Mechanism

The drive mechanism for the plug installer/remover is a hydraulic
system.
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5. 0 WASTE RETRIEVAL EQUIPMENT

5.1 Description of Equipment for Normal Retrieval Operations

The waste emplacement hardware described in Section 4 of this
appendix will be designed so that it can also be used for retrieval
operations. This will enable more rapid and lower-cost reconfiguration
of the underground waste handling facilities from emplacement to retrieval
mode, should retrieval be mandated. Because of site characteristics and
repository design, normal retrieval operations are expected to be not
much different from emplacement conditions. Existing differences will be
accommodated during further development of the present designs. For
example, the emplacement hardware will be designed to operate normally at
the elevated borehole temperatures (>2004C) expected during retrieval.
Also, the emplacement hardware will be designed to operate in a reverse
mode and to have the capability of pulling the higher loads that may be
required for normal waste removal.

5.1.1 Vertical Configuration

Equipment used for preparing vertical boreholes for retrieval,
removing waste containers, and transporting and delivering containers to
the surface facility under normal conditions is the same as that used in
the vertical emplacement operations. This equipment is described in
Section 4.1.1 of this appendix.

5.1.2 Horizontal Configuration

Two concepts are under consideration for waste removal operations
with the horizontal configuration under normal conditions. The baseline
design employs coupled dollies, where the cask mechanism is used to
remove each waste container and dolly from a standard removal position in
the borehole, while pulling the next container and dolly into position.
The alternative design employs uncoupled dollies and a retrieval cart,
where the cart is used to pull each waste container and dolly from its
storage position to a standard removal position for subsequent removal
with the cask mechanism.

5.1.2.1 Baseline Design for Waste Removal Equipment

With the baseline waste removal system design, equipment used for
preparing horizontal boreholes for retrieval, removing waste containers,
and transporting and delivering containers to the surface facility under
normal conditions is the same as that used in the horizontal emplacement
operations described in Section 4.1.2 of this appendix.

5.1.2.2 Retrieval Cart System for Alternative Waste Removal Concept

The concept for pulling waste containers to a standard removal
position with a retrieval cart for subsequent removal with the cask
emplacement/retrieval mechanism is still in the design concept stage.
Detailed design work on the required equipment has not been completed,
but descriptions of the general design concepts and considerations are
available and are presented in CDR Appendix J.

D-73

D-8



5.2 Description of Equipment for Off-Normal Retrieval Conditions

Concepts for retrieving waste under off-normal conditions in both
the vertical and horizontal configurations are presented in CDR Appendix
J. These concepts are still in conceptual design. Detailed design work
on the required equipment has not been completed, but descriptions of the
general design concepts and considerations are available and are
presented in CDR Appendix J.
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6.0 UNDERGROUND EQUIPMENT DEVELOPMENT PROGRAM

Before license application for the repository, a complete
emplacement/retrieval system must be designed and proof-of-principle
demonstrations completed. After license application, construction and
testing of prototype equipment may be necessary to answer any remaining
questions regarding the performance of the emplacement/retrieval system
under actual repository conditions. Production equipment will be built
after construction is authorized, before initiation of repository waste
emplacement operations.

6.1 Design of Emplacement and Retrieval System

Before a complete emplacement/retrieval system can be designed, the
waste emplacement orientation (vertical or horizontal) must be selected.
Information necessary to make the selection will come from two areas of
underground waste handling equipment development work.

* Emplacement Equipment--An advanced conceptual design will be
completed for the vertical and horizontal emplacement systems.
Design alternatives will be evaluated to determine their
feasibility and advisability. Key components of the selected
alternatives will be designed in detail and, if necessary to
prove feasibility, will be subjected to rigorous functional
tests that include intentional overloading and cycling to
ascertain durability. These key components may include items
such as the turntable alignment system and the cask mechanism
for waste insertion into the borehole.

* Retrieval Equipment--Conceptual design studies will be conducted
on the various concepts presented in this report for retrieving
waste from vertical and horizontal boreholes under normal and
off-normal conditions. The design studies will identify design
considerations that need further investigation, determine the
extent to which reasonably available technology can be used in
the designs, and identify key components that must be tested to
prove feasibility. Further analysis of off-normal conditions
will be conducted to more accurately identify conditions that
could credibly occur and affect retrieval operations. Key
retrieval equipment required for normal and credible off-normal
conditions will be designed in detail and tested, as necessary,
to prove feasibility. These key components may include items
such as the retrieval cart drive train and the dolly uncoupling
mechanism.

After the emplacement orientation is decided, development work will
concentrate on equipment and operations needed for the selected emplace-
ment orientation and credible off-normal retrieval conditions. Detailed
design of the equipment will be completed, and key equipment systems will
be fabricated for proof-of-principle demonstrations. In addition to
detailed equipment layout, the emplacement/retrieval system design will
also address the following items:
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* the sequence of emplacement operations, with remedial operations
for equipment malfunction or failure,

* the sequence of retrieval operations under normal and off-normal
conditions,

* anticipated time to emplace and retrieve individual waste
containers,

* potential exposure hazards to personnel, and

* excavation techniques for dealing with off-normal retrieval
conditions.

6.2 Proof-of-Principle Demonstrations

Proof-of-principle demonstrations for equipment systems and opera-
tions that have a significant degree of performance uncertainty must be
conducted and documented before license application is made to the NRC.
These demonstrations must provide evidence, with reasonable assurance,
that the planned emplacement/retrieval method will function under both
normal and credible off-normal conditions (DOE, 1986a, Appendix D).

The demonstrations will take place in one or more facilities that
simulate those aspects of the emplacement and retrieval environments that
could potentially affect the operation of the equipment. The facilities
will not be required to completely fabricate the repository environment,
but rather to simulate specific normal and off-normal conditions that are
relevant to the repository and equipment designs. Surface and under-
ground mockups of the emplacement borehole will be used for this purpose.
The use of radioactive materials or radiation safety equipment is not
required in these demonstrations.

The equipment models used to conduct these demonstrations will be
complete in all details that affect the ability of the equipment to
fulfill its designed function. More design work and analysis are
necessary to determine which components and systems require proof-of-
principle demonstration. A decision on the demonstrations that will be
conducted will be made at the time of the emplacement orientation
selection. At this time, the most likely equipment candidates for
emplacement and retrieval demonstrations under normal conditions are the
following.

Vertical

* cask alignment and rotation mechanism
* cask closure doors
* borehole shielding closure
* waste container hoisting system
* waste container grapple
* shield plug installer
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Horizontal

* cask alignment and rotation mechanism
* cask closure doors
* borehole shielding closure
* cask mechanism
* retrieval cart
* coupled and uncoupled dolly train
* shield plug installer
* horizontal borehole drilling and lining machine

Some equipment used in the emplacement/retrieval system will not require
proof-of-principle demonstrations because similar equipment is
commercially available and used in similar underground environments.
Examples include the transporter drive and ventilation systems and the
special forklift.

Evaluation of the probability of events will effect proof-of-
principle demonstrations conducted for off-normal conditions. Systems
developed for credible off-normal conditions will be tested under
simulated conditions. For example, if it is determined that binding of a
waste container in a borehole is a credible off-normal condition, then
systems selected and designed for removing such containers will be tested
under conditions that simulate a bound waste container. The emplacement/
retrieval system will also be tested to demonstrate the ability to
recover from equipment malfunction and failure.

6.3 Prototvpe Equipment Development

After completion of the proof-of-principle tests and submission of
the license application to the NRC, unanswered questions concerning the
performance of equipment under actual repository conditions may remain.
In this case, it will be necessary to construct and test prototype
equipment to resolve those questions (DOE, 1986a, Appendix D).

Prototype equipment demonstrations will simulate geotechnical
conditions, stresses, and opening geometries that may reasonably be
expected at the repository location at the time of retrieval. This will
probably require the use of an existing underground installation, such as
G-Tunnel at the Nevada Test Site or the Exploratory Shaft Facility at
Yucca Mountain.

The waste container(s) used in the prototype equipment demonstration
will be of the same size and weight as actual containers to be used in
the repository. Any potential change in the shape, orientation, or other
physical condition of the container that may affect operations will be
simulated as necessary during these demonstrations. Although the use of
radioactive material is not required in these demonstrations, prototype
equipment will incorporate radiation safety equipment, as necessary, to
test the mechanical systems.
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ABSTRACT

Vertical and horizontal orientations are currently being considered for
disposal of high-level nuclear waste at the proposed Yucca Mountain
repository. This report summarizes the emplacement configurations under
consideration and compares the performance and cost parameters associated
with each. Concepts for vertical and horizontal emplacement equipment
appear to be technically feasible, and no significant differences in
repository performance have been identified. Significant cost savings are
predicted for the horizontal orientation. The feasibility of developing the
more complex equipment required for horizontal emplacement is assessed by
presenting and discussing current design concepts for that equipment. It is
concluded that horizontal emplacement equipment appears feasible but that.
further work is required to prove feasibility. A proposed equipment
development program that addresses the needed future work is outlined.
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1.0 EXECUTIVE SUMMARY

Horizontal and vertical emplacement orientations are being considered
for the storage of high-level nuclear waste in the proposed repository at
Yucca Mountain, Nevada. Studies are being performed under the Nevada
Nuclear Waste Storage Investigations Project to identify issues and develop
data that are needed to select an emplacement configuration for the
repository.

A pertinent issue at the current stage of repository development is
whether or not it is feasible to develop the equipment facilities and*
operating procedures necessary for horizontal emplacement. Previous
experience with vertical emplacement has been obtained at Project Salt Vault
in Lyons, Kansas, and the Climax facility at the Nevada Test Site. Vertical
and horizontal emplacement procedures are sufficiently different, however,
that the results for underground applications have only limited
applicability to the issue of horizontal emplacement feasibility.

This report addresses the issue of horizontal emplacement feasibility
and outlines further work required to firmly establish feasibility. In
addition, this report compares the attributes of the vertical and horizontal
emplacement configurations in order to demonstrate the advantages of the
horizontal configuration and to establish the rationale for further
investigation of that configuration.

To provide a basis for comparing the vertical and horizontal
configurations, design concepts for the emplacement and retrieval systems
are described for both configurations. In the vertical configuration, one
waste container in emplaced in each vertical borehole drilled into the floor
of the emplacement drifts. In the horizontal configuration, 15 waste
containers are emplaced in each horizontal borehole drilled into the walls
of the emplacement drifts.

Emplacement in both configurations involves transporting a single waste
container from the surface facility to an underground emplacement borehole,
placing the container in the borehole through a shielded closure, and
repeating the process until all waste containers have been emplaced.
Concepts for equipment and procedures to perform this function are
presented. For the vertical configuration, the equipment includes:

o a waste transport vehicle
o a shielded cask for transporting the waste container underground
o a cask rotation and alignment system for mating the cask with the

borehole shielding closure
o a waste container hoist system for lowering the waste container into

and lifting the container out of the borehole

For the horizontal configuration, the equipment includes:

o a waste transport vehicle
o a shielded cask for transporting the waste container underground
o a dolly to carry each waste container as it is transferred from the

surface storage vault to the cask to the borehole

-5-
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o a cask rotation and alignment system for mating the cask with the
borehole shielding closure

o an emplacement/retrieval system for pushing the waste container into
and pulling the container out of the borehole

If required, retrieval of emplaced waste under normal conditions would
employ the same equipment as emplacement and would generally employ the
reverse procedure. If off-normal conditions are encountered during
retrieval, special procedures or equipment would be required to remove the
waste. Discussion is provided on the identification of off-normal
conditions that could impact the ability to retrieve waste or significantly
delay retrieval. Although further evaluation is necessary to determine the
credibility of the off-normal conditions that have been identified,
procedures and equipment necessary to remove waste under those conditions
have been developed and are presented. These include procedures and
equipment for removing waste under conditions that result from:

o failure or malfunction of retrieval equipment
o binding of the shield plug in the emplacement borehole
o loss of the pintle on a waste container in a vertical borehole
o breakage of a coupling between waste containers in a horizontal

borehole
o collapse or deformation of a borehole, resulting in a blocked waste

container
o collapse or deformation of a borehole, resulting in a bound waste

container

The procedures and equipment used for each of these conditions would depend
on the emplacement configuration and the severity of the condition.

Based upon the repository design for the vertical and horizontal
configurations, several significant advantages are identified for the
horizontal configuration. These include:

o The containment and isolation environment would be disturbed less
because the volume of material mined during repository development
would be reduced by approximately 60%.

o The overall extraction ratio for the underground development would
be reduced from 18.3% to 7.1%.

o The temperature increase in the emplacement drifts would be delayed
and reduced in magnitude. This would result in a better environment
for emplacement drift inspection and maintenance and, consequently,
a better environment for retrieval.

o The underground ventilation system would be greatly simplified as a
result of the reduction in the number of mined drifts.

o The surface mined material disposal pile would be reduced in volume
by a factor of three.
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o The number of workers involved in underground development 'and waste
emplacement operations would be reduced, resulting in two major
benefits: (1) the number of workers exposed to the hazards of the
mining operation would be reduced; and (2) the integrated radiation
dose to the waste emplacement personnel would be reduced.

o A reduction in repository cost of approximately $1 billion would be
realized.

The only potentially significant disadvantage of the horizontal
configuration identified to date is that a larger development effort would
be required to demonstrate proof-of-principle for the required emplacement
and retrieval equipment. Before any significant development effort can be
undertaken for either configuration, however, it is necessary to determine
the feasibility of horizontal emplacement in order to provide information
necessary to select the emplacement configuration. Further work is required
to rigorously evaluate horizontal emplacement feasibility, but the
preliminary assessment performed in this report indicates that it is
feasible.

The feasibility of horizontal emplacement is assessed with a
combination of calculations, engineering analysis, and comparison of
equipment and conditions with those of existing working systems.
Feasibility considerations addressed include:

Eguipment Feasibility

The feasibility of horizontal emplacement/retrieval equipment for
normal and off-normal conditions is assessed by comparing equipment concepts
and design requirements with those of known, existing systems. It is
concluded that there are enough similarities between the
emplacement/retrieval (E/R) equipment and existing systems that the E/R
equipment can be developed using reasonably available technology. Special
design considerations must be taken into account in order to adapt existing
technology to this application, but no significant feasibility concerns are
apparent.

Long-Term Access to the Emplacement Boreholes

It is concluded that underground drifts in the horizontal configuration
will be stable over the retrievability period, thereby ensuring that access
to the boreholes for retrieval operations will be maintained. This
conclusion is based on analyses that predict rock stresses up to 100 years
after emplacement, as well as comparison with experience obtained over many
years with openings in similar rock formations.

Long-Term Stability of Emplacement Boreholes

Preliminary analysis indicates that by using steel liner in the
horizontal boreholes, long-term stability will be assured. Stresses in the
liner due to rock fall, thermal expansion, and corrosion will remain below
the strength of the liner over the retrievability period if the liner and
borehole are properly designed.

-7-

E-1



Emplacement Dynamics

The dynamics of emplacing a number of waste containers in each
horizontal borehole requires further analysis to quantify the potential for
adverse consequences such as buckling and corkscrewing of the waste
container dolly train. Preliminary analysis indicates that these problems
will not be severe but in any case can be minimized by incorporating a rail
or channel in the liner design to guide the dolly train in the boreholes.

Svnergistic Effects

The impact of synergistic effects on the ability to emplace and
retrieve waste in the horizontal configuration is assessed by examining
several combinations of conditions and discussing the anticipated system
response. The conditions considered include:

o a partially filled borehole
o a partially filled borehole, combined with elevated temperatures,

a high radiation field, and earthquake- or underground nuclear
explosion-induced ground motion

o an earthquake occurring during emplacement operations
o water intrusion into a filled borehole

It is concluded that these conditions do not present significant problems
for horizontal emplacement in that they can be readily included in the
design basis or do not result in a significantly different emplacement
environment from that anticipated under normal conditions.

As a result of the work presented in this report, it is concluded that
horizontal emplacement offers significant advantages over vertical
emplacement and that the concepts that have been developed for horizontal
emplacement appear feasible. Although there is not sufficient information
to allow an emplacement orientation decision to be made at this time, there
is sufficient justification to warrant further investigation of the
horizontal configuration.
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2.0 COMPARISON OF HORIZONTAL AND VERTICAL WASTE EMPLACEMENT

Section 2.1 describes the emplacement designs that are used for
comparing vertical and horizontal emplacement. This section includes as
part of this comparison a pictorial description of the operational sequences
required to emplace and retrieve waste containers for each of the
emplacement orientation options. Section 2.2 summarizes the benefits that
can be obtained if the feasibility of horizontal emplacement can be verified
so that it can be adopted in lieu of the vertical emplacement base case.
These advantages are grouped into two categories: technical advantages
described in Section 2.2.1 and cost advantages described in Section 2.2.2.
Section 2.3 itemizes some potential disadvantages associated with horizontal
emplacement. The specific equipment concepts developed for horizontal
emplacement are presented in Section 3 as part of the discussion of
feasibility.

2.1 Description of Waste Emplacement Options

In this subsection, the waste emplacement options are described for
both the emplacement and retrieval modes of operation.

2.1.1 Emplacement Mode

2.1.1.1 Vertical Configuration

In the vertical waste emplacement configuration, waste containers are
emplaced in 25-foot deep boreholes drilled into the emplacement drift floor.
Due to the limited thickness of the candidate repository horizon, only one
waste package is placed in each emplacement borehole. Figure 1 shows a
cross-section of the emplacement drift and emplacement borehole for vertical
emplacement. The current design for vertical emplacement is depicted in
Figure 2. In this design, a fabricated plug is used after emplacement to
provide the shielding required to protect personnel working in the drift.

Figures 3 and 4 illustrate a typical waste emplacement operational
cycle for the vertical configuration. After transfering a single waste
container from the surface facility storage vault into the transporter cask,
the transporter is driven underground to the emplacement borehole and
positioned over a temporary shielding closure. The cask that carries the
container and provides primary shielding for the transporter operators is
then rotated to a vertical position, and the shield doors are opened. The
waste container is lowered into the borehole, and the grapple is
disconnected from the waste container pintle and retracted back into the
cask. The shield doors are then closed, the cask is rotated to its
transport position, and the transporter is returned to the surface facility.

Following waste emplacement, final borehole closure is accomplished by
replacing the temporary shielding enclosure with a shield plug and borehole
cover. This allows the shielding closure to be used for waste emplacement
operations at other boreholes. Closure is accomplished using a shielded
plug installer transported with a special forklift, as shown in Figure 4.
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Fig. 2 - Design configuratIon for vertical emplacement
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FIq. 3 - Sequence of emplacement operations for vertical configuration
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f 1a. 4 - Plug and backfill installation for vertical configuration
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2.1.1.2 Horizontal Configuration

The horizontal waste emplacement configuration uses long boreholes
drilled horizontally into the ribs (sides) of the emplacement drifts, as
shown in Figure 5. The current concept for waste storage in this
orientation is shown in Figure 6. The emplacement boreholes are currently
planned to be 350 feet long, and each will contain 15 waste packages. The
holes are lined with a steel liner to facilitate waste emplacement and
retrieval. In this configuration, there will be no waste packages stored in
the first 100 feet of the borehole. This is done to delay the temperature
increase in the emplacement drifts and thereby provide 8 less severe
environment for retrieval operations. This 100 foot dimension is referred
to as standoff. The standoff dimension is currently being analyzed, and it
may be shortened as analyses are completed and the trade-off between
repository cost and emplacement drift temperatures are further compared. A
fabricated plug is used after emplacement to provide the shielding required
to protect personnel working in the drift.

Figures 7 and 8 illustrate a typical waste emplacement operational
cycle for the horizontal configuration. With this configuration, each waste
container is carried on its side on a dolly. After transfering a single
waste container and dolly from the surface facility storage vault into the
transporter cask, the transporter is driven underground to the emplacement
borehole grnd positioned at a temporary shielding closure. The cask is then
rotated 90 , and the shield doors are opened. The waste container and dolly
are pushed into the borehole with the emplacement/retrieval (E/R) mechanism,
and the E/R mechanism is disconnected from the dolly and retracted back into
the cask. The shield doors are then closed, the cask is rotated to its
transport position, and the transporter is returned to the surface facility.
The procedure is repeated until the borehole has been filled to design
capacity.

Achieving standoff to delay the onset of elevated temperatures in the
emplacement drift can be accomplished at least three ways. The first way is
to use dummy containers or empty dollies that are emplaced in the same
manner as a conventional waste package. The second method is to use a
pusher mechanism employing hydraulic cylinders and coupled tubing to push
the waste packages to the desired position. Finally, the last few packages
emplaced in each borehole could be filled with defense high-level waste
(DHLW), which has very low thermal output.

After all waste containers for a given borehole have been emplaced and
standoff operations have been completed, final borehole closure is
accomplished by replacing the temporary shielding enclosure with a shield
plug and borehole cover. This allows the shielding closure to be used for
waste emplacement operations at other boreholes. Closure is accomplished
using a shielded plug installer transported with a special forklift, as
shown in Figure 8.
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Fig. 9 - Borehole pIuQ and cover Installation for horizontal configuration
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2.1.2 Retrieval Mode

When discussing waste retrieval, it is necessary to consider both
normal and off-normal retrieval conditions. Normal retrieval conditions are
defined as conditions under which standard procedures and equipment can be
used to retrieve waste. Off-normal conditions are conditions under which
special procedures or equipment must be used in order to retrieve the waste.

2.1.2.1 Retrieval Under Normal Conditions

Waste emplacement hardware will be designed so that it can also be used
for retrieval operations under normal conditions. This has the adavantage
of more rapid and lower-cost reconfiguration of the underground waste
handling facilities from emplacement to retrieval mode, should retrieval be
required. Because of site characteristics and repository design, normal
retrieval operations are not expected to be extremely different from
emplacement conditions. The differences that do exist will be accomodated
during further development of the presented designs. For example, the
emplacement hardware will te designed to operate normally at the elevated
borehole temperatures (>200 C) that could be expected during retrieval.
Also, the emplacement hardware will be designed to operate in a reverse mode
and to have the capability of pulling the higher loads that may be required
for normal waste removal.

2.1.2.1.1 Vertical Configuration

Prior to removing waste from each vertical borehole, the borehole must
be prepared for removal operations. This involves replacing the borehole
cover and shield plug with the borehole shielding closure so that shielding
can be maintained as the waste container is lifted from the borehole into
the transporter cask. This is accomplished by: (1) removing the borehole
cover; (2) installing the borehole shielding cover; and (3) removing the
shield plug. Operationally, vertical borehole preparation is the reverse of
that presented in Figure 4 for borehole closure after waste emplacement.

Following borehole preparation, the waste container is removed from the
borehole and transported and delivered to the surface facility. The
required procedures are the reverse of those presented in Figure 3 for
vertical waste emplacement.

2.1.2.1.2 Horizontal Configuration

Prior to removing waste from each horizontal borehole, the borehole
must be prepared for removal operations. This involves replacing the
borehole cover and shield plug with the borehole shielding closure so that
shielding can be maintained as the waste container is pulled from the
borehole into the transporter cask. Operationally, borehole preparation is
the reverse of that presented in Figure 8 for horizontal borehole closure
after waste emplacement.

Two concepts have been presented for waste container removal from
horizontal boreholes. The first of these concepts employs coupled waste
container dollies, and the second employs uncoupled dollies.

- 19 -
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Normal Retrieval Operations With CouRled Dollies

With this concept, as each waste container and dolly is emplaced in the
borehole with the E/R mechanism, the dolly is coupled to the dolly of the
waste container positioned at the borehole entrance, and the entire dolly
train is pushed into the borehole. Similarly, as each waste package and
dolly are removed from the borehole with the E/R mechanism during retrieval,
the entire dolly train is pulled toward the borehole entrance, and the waste
container being removed is unhooked from the train. This concept offers
efficiency in waste removal operations because each container is always in a
standard position for removal. Waste removal operations for this concept
are the reverse of those shown in Figure 7 for horizontal waste emplacement.

Normal Retrieval Operations With Uncoupled Dollies

Coupling the dollies together as in the baseline waste removal concept
could potentially complicate retrieval. These complications include:

(1) If a coupling between two dollies breaks, an off-normal condition will
be created which will necessitate the use of special equipment and
procedures in order to remove the waste containers left in the borehole.

(2) If a single waste container becomes blocked or bound in the borehole,
removal of containers between the borehole entrance and the blocked or bound
container cannot proceed until the dolly train is uncoupled from the dolly
of the blocked or bound container.

An alternative concept for removing waste containers uses a design in
which dollies are not coupled. With this design, all containers are pushed
into the borehole as each container is emplaced; but since the dollies are
not coupled, each container during retrieval must be pulled from its storage
position in the borehole. This concept is illustrated in Figure 9. Here, a
retrieval cart is used to pull the waste container to a standard removal
position near the borehole entrance. Following this operation, procedures
for removing the container from the borehole and transporting and delivering
it to the surface facility are the reverse of those shown in Figure 7 for
horizontal waste emplacement.

2.1.2.2 Retrieval Under Off-Normal Conditions

Work is currently underway to identify off-normal conditions that have
a significant probability of delaying waste retrieval or impacting the
ability to retrieve waste. The work began by developing a list of
approximately 75 processes, events, and conditions of potential concern
("Items Important to Safety, Waste Isolation, and Retrievability fo the
Yucca Mountain Respositoryt , SLTR86-1008, to be published as an appendix in
the SCP-CDR). An initial screening of this list was performed, and the
following processes, events, and conditions were identified as having a
potential for affecting the ability to retrieve:

o tectonics
o variability in rock characteristics
o aging/corrosion of equipment and facilities
o radiolysis
o human error
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Using engineering judgement, these items were evaluated relative to the
repository and equipment design and the four functions that must be
performed to complete the retrieval operation:

(1) provide access to the emplacement boreholes;
(2) provide access to the waste containers;
(3) remove the waste containers; and
(4) transport and deliver the waste containers to the surface

facility.

As a result of this evaluation, several off-normal conditions having the
potential for affecting retrievability were identified and are listed in
SLTR86-1008. Further work is required, however, to determine the
probability of occurrence for each of the off-normal conditions.

Concepts for procedures and equipment for retrieving waste under each
of the off-normal conditions have been developed. Procedures and equipment
for overcoming off-normal conditions that affect access to and removal of
waste containers from emplacement boreholes are presented below to
facilitate comparison of the vertical and horizontal configurations. Off-
normal conditions that affect access to the emplacement boreholes and
tranport and delivery of waste containers to the surface facility have the
same impact on retrieval from vertical boreholes as they do on retrieval
from horizontal boreholes. As a result, procedures for dealing with those
conditions are not discussed in this report.

No attempt is made in this report to determine the probability of
occurrence of any of the off-normal conditions, although it is believed that
the probabilities are relatively low for all off-normal conditions
considered. As a result. it should not be inferred from the presentation of
off-normal retrieval concepts that these off-normal conditions are expected
to occur on a frequent basis. Rather, these concepts are presented to
reflect the level of importance placed on maintaining the option to retrieve
waste and to demonstrate that credible concepts have been developed for
maintaining that option under all conditions that have the potential for
affecting retrievability.

2.1.2.2.1 Vertical Configuration

Off-normal conditions that affect access to and removal of waste
containers from vertical boreholes are those that result in a container
being temporarily detained in a vertical borehole. These include conditions
that result from:

(1) failure of retrieval equipment, due to events such as structural
failure or malfunction of components in the retrieval or shield door
systems;

(2) binding of the shield plug in the borehole, due to seismic events,
thermal loading, or fabrication error.

(3) loss of the pintle on a waste container, due to structural failure, or
the pintle otherwise becoming incapable of being grapped by the retrieval
grapple; and
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(4) binding of a waste container by the surrounding rock or partial liner
so that the container cannot be pulled out of the borehole without possible
structural damage to the container.

Procedures for Surmounting Eguinment Failure

Retrieval equipment will be designed so that most failures in the
system for lifting containers out of a vertical borehole and into the
transporter cask can be repaired from outside the cask. For example, the
cable reel and motor for lifting the waste container out of the borehole
will be located outside the cask where it can be accessed. Since detailed
design of the system has not yet been initiated, it is not possible to
delineate the exact procedures that would be used. In general, they would
consist of repairing or replacing the defective components using maintenance
procedures to be developed. The system will also be designed with a backup
system so that the waste container can be lowered back into the borehole if
the primary retrieval system fails and cannot be repaired on-site. Electric
or hydraulic systems for closing shield doors will be designed so that their
functions can be manually overridden with hand cranks.

Procedures for Removing a Bound Shield Plug

The shield plug must be removed from the borehole in order to provide
access to the waste container. In the unlikely event that, for some reason,
the shield plug becomes bound by the partial liner, it will be necessary to
use special equipment and procedures to remove the shield plug before waste
container removal can proceed. Two approaches could be used to remove a
bound shield plug, depending on the severity of the problem:

(1) A system for vibrating the shield plug could be incorporated into the
shield plug remover. Vibration, coupled with an upward tensile force, may
be sufficient to free the shield plug if friction against the partial liner
is the only force binding the shield plug in the borehole.

(2) A system for coring the rock and cutting the liner surrounding the
shield plug could be used if the liner has collapsed on the shield plug and
the vibratory method does not free it. The procedure would consist of
replacing the standard borehole shielding closure with a closure of similar
design but larger opening, moving a coring machine into place, and
performing the coring operation. These procedures would be similar to those
described below for the coring operation required to remove a bound waste
container from a vertical borehole.

Procedures for Removing Detained Waste Containers

In the unlikely event that a waste container loses its pintle or is
otherwise incapable of being grabbed by the retrieval grapple in order to
pull it out of the borehole, it will be necessary to employ special
equipment and procedures in order to remove the container. The procedure
for removing such containers is to first conduct a borehole inspection
operation to verify the condition, followed by an operation employing a
waste container removal sleeve.
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Vertical Borehole Inspection Operations

Inspection of a vertical borehole may be required if problems arise
during removal of a waste container. Reasons for conducting an inspection
include: to determine if the problem is borehole-related or retrieval
system-related; to determine if breaching of a waste container has occurred;
and to provide data on the nature and extent of the problem for use in
subsequent waste removal operations.

The procedure for Inspecting a vertical borehole is shown in Figure 10.
Data obtained with instruments mounted on the inspection module would
include borehole temperature, radiation level, gas composition, and remote
visual data.

Removal Sleeve Operationg

It borehole inspection and assessment indicate that the waste container
has lost Its pintle but is not bound by the surrounding rock, a system
employing a sleeve that would fit over and around the waste container might
be used to remove the container from the borehole. Depending upon the
design of the system, the first stop may be to replace the standard borehole
shi iding closure with a closure of similar design but larger opening to
permit passage of the removal sleeve, The sleeve would consist of a hollow
cylinder with hydraulic pistons mounted inside its inner wall, The sleeve
would be pushed over the container and the pistons actuated to squeeze the
container and hold it tightly, The sleeve and container would then be
withdrawn into a shielded cask and transported to the surface facility for
container cleaning and further processing.

Procedures for Removing Bound Waste Container

In the unlikely event that a waste container is bound in a vertical
borehole by the partial liner or rock surrounding the waste container,
special procedures and equipment will be required to remove the container.
Two approaches could be used, depending on the severity of the problem:

(1) A system for vibrating the waste container could be incorporated into
the vertical retrieval system, Vibration, coupled with an upward tensile
force, may be sufficient to free the container if friction against the
surrounding rock or partial liner is the only force binding the container in
the borehole,

(2) A system for coring the rock surrounding the waste container could be
used If the rock or partial liner has collapsed on the container and the
vibratory method does not free it. The procedures are described below,

Vertical Coring Operationj

The vertical core drill concept is shown in Figure 11. With this
Concept, a core drill contained within a shielded cask is positioned above
the borehole shielding closure and used to drill the rock surrounding the
partial liner. When the core containing the liner and surrounding rock has
ben lifted out of the borehole and temporarily stored in the liner storage
cask, core drilling of the rock surrounding the waste container is
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accomplished, and the waste container core is withdrawn into the shielded
cask. The cores containing the waste container and partial liner are then
transported to the surface facility and deposited in separate storage
vaults, completing retrieval operations for a single bound waste container
from a vertical borehole.

Auxiliary Liner Cutting Oierations

In the unlikely event that the top of a waste container is bound in the
partial liner, it may be necessary to cut the liner above the waste package
in order to remove the liner core separately from the waste package core.
As illustrated in Figure 12, this operation can be done either of two ways:

(a) with
expandable
liner prior

a separate auxiliary liner cutting operation in which an
liner cutter is inserted into the borehole and used to cut the
to the coring operation; or

(b) with liner cutters that are carried in
hydraulically extended radially inward to cut
surrounding the liner is cored.

the core barrel and are
the liner after the rock

After the liner is cut, coring operations can then proceed as described
above.

2.1.2.2.2 Horizontal Configuration

Off-normal conditions that affect access
containers from horizontal boreholes are those
being temporarily detained in a horizontal
conditions that result from:

to and removal of waste
that result in a container
borehole. Thesq include

(1) failure of retrieval equipment,
failure or malfunction of components
systems;

due to events such as structural
in the retrieval or shield door

(2) binding of the shield plug in the borehole, due to seismic events,
thermal loading, or fabrication error.

(3) collapse or severe deformation of the liner in the standoff region,
causing one or more waste containers to become blocked but not actually
bound by the liner; and

(3) binding of one or more waste containers in the borehole liner, due to
either liner collapse or structural failure of a dolly and waste container.

Under the first three of these categories, it is possible that the
detained container could be retrieved through the borehole liner using
special procedures and equipment described in this subsection. Under the
fourth category, the conditions are so extreme that it would probably be
necessary to remove a portion of the liner and the surrounding rock in order
to free the container. It is highly unlikely that such extreme conditions
would ever exist in lined horizontal boreholes (see Subsection 3.2.2);
however, for the sake of conservatism, concepts for dealing with such
conditions have been developed and are also presented in this subsection.
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Procedures for Surmounting Equipment Failure

The cask retrieval system will be designed so that failures in the
system for pulling containers out of a horizontal borehole and into the
transporter cask can be repaired from outside the cask when possible. For
example, the motor that powers the emplacement/retrieval (E/R) mechanism
will be located outside the cask for easy access and repair or replacement.
Since detailed design of the system has not yet been initiated, it is not
possible to delineate the exact procedures that would be used. In general,
they would consist of repairing or replacing the defective components using
maintenance procedures to be developed. The system will also be designed
with a backup system so that the waste container can be fully pushed back
into the borehole if the primary retrieval system fails and cannot be
repaired on-site. Electric or hydraulic systems for closing shield doors
will be designed so that their functions can be manually overridden with
hand cranks.

With the coupled dolly concept, if a coupling between two dollies
breaks, the retrieval cart used with the uncoupled dolly design can be used
to enter the borehole, grab the remaining dollies, and pull them to the
standard removal position for subsequent removal with the E/R mechanism. In
this case, an additional pull-ring for mating with the retrieval cart
grapple would be required on each dolly.

Several alternatives exist for overcoming failure of the retrieval cart
system when used either as a backup to the coupled dolly design or as a
primary system in the uncoupled dolly design. If the retrieval cart grapple
malfunctions and fails to release a dolly when required, decoupling can be
accomplished with manual override using a remotely actuated mechanism
extended from the retrieval cart cask. In the event of retrieval cable
failure, a second retrieval cart can be used to enter the borehole and
manually override the grapple of the first cart in order to release it from
the waste container. A pull-ring on the rear of the first retrieval cart
would then allow the grapple of the second cart to grab the first cart in
order to retract it back into the retrieval cart cask. After this is
accomplished, the second retrieval cart could be used to reenter the
borehole and pull the waste package to its standard removal position for
subsequent removal with the E/R mechanism.

Procedures for Removing a Bound Shield Plug

The shield plug must be removed from the borehole in order to provide
access to the waste container. In the unlikely event that, for some reason,
the shield plug becomes bound in the borehole, it will be necessary to use
special equipment and procedures to remove the shield plug before waste
container removal can proceed. Two approaches could be used to remove a
bound shield plug, depending on the severity of the problem:

(1) A system for vibrating the shield plug could be incorporated into the
shield plug remover. Vibration, coupled with an outward tensile force, may
be sufficient to free the shield plug if friction against the borehole walls
is the only force binding the shield plug in the borehole.
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(2) A system for coring the rock surrounding the shield plug could be used
if the vibratory method does not free it. The procedure would consist of
replacing the standard borehole shielding closure with a closure of similar
design but larger opening, moving a coring machine into place, and
-performing the coring operation. These procedures would be similar to those
described below for the coring operation required to remove a bound waste
container from a horizontal borehole.

Procedures for Removing Blocked Waste Containers

In the unlikely event that the liner collapses in the standoff region
or between waste containers, it will be necessary to employ special
equipment and procedures in order to remove the blocked containers. In this
subsection, concepts for removing blocked (but not bound) waste containers
are presented. The first two concepts are related to preparation for
removal operations, and the final two concepts are related to the actual
removal operations.

Selective Dolly Uncoupling Operation

With coupled dollies, liner collapse or severe deformation between
dollies would effectively detain all waste containers in the borehole. In
order to remove the detained dollies, the dollies must first be uncoupled.

The concept for uncoupling dollies is shown in Figure 13. With this
concept, a remotely actuated uncoupling mechanism is inserted into the
borehole and used to release the dolly couplings so that removal of the
uncoupled dollies and waste containers can then be completed using the
retrieval cart and E/R mechanism. This leaves the borehole ready for
inspection and operations required to remove the remaining blocked
containers.

Alternatively, the retrieval cart could be used to uncouple the
dollies. The procedure would be to run the retrieval cart in the borehole
to the first waste container, where a remote mechanism on the cart would be
actuated to uncouple the dolly from the dolly train and grab the dolly for
pulling to the standard removal position. The remote mechanism could be
designed to slide beneath the dolly; or the dolly could be designed so that
it could be uncoupled from the same side that the dolly grabs for retrieval.

With the uncoupled dolly design, the uncoupling operation is not
necessary. Removal of all waste containers between the borehole entrance
and the collapsed liner section can be performed using the retrieval cart
and cask mechanism, leaving the borehole ready for inspection and operations
required to remove the remaining blocked containers.

Horizontal Borehole Inspection Operation

Prior to implementation of procedures for removing blocked containers
from a horizontal borehole, inspection of the borehole should be performed
to assess the situation. The retrieval cart used in the alternative waste
removal concept can be used to perform these operations. The cart can be
fitted with an inspection module containing various equipment in order to
provide inhole data. This equipment might include: a video camera and
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lights to provide remote visual inspection of the borehole; an instrument
similar to borehole calipers used in deep wells to provide measurements of
the liner inner diameter in order to detect and assess the severity of
collapsed or deformed liner sections; and instruments such as temperature
probes, radiation monitors, and gas sampling equipment to provide accurate
measurements of local inhole conditions. These data would be extremely
useful in assessing the nature of off-normal conditions and determining
possible remedies.

If the uncoupled dolly design is adopted, the instrumented retrieval
cart could also be used to help prevent waste containers from becoming bound
in a deformed liner section. For example, automatic sensing of the liner
diameter during borehole entry for normal waste removal operations could be
used to alert operators in the event that a liner section is deformed beyond
some acceptable limit for waste container passage. Liner repair procedures
such as those described below could then be performed before waste container
removal is attempted, thereby preventing possible binding of the waste
container and worsening of an off-normal condition.

Liner Repair Operations

In the unlikely event that the liner collapses in the standoff region
between the borehole entrance and the last container emplaced, it may be
possible to effect repairs of the liner and thereby restore the capability
to remove waste containers with the retrieval cart and cask mechansim. Two
procedures for performing this operation are being considered for further
evaluation.

The first of these concepts is illustrated in Figure 14. This figure
assumes that the instrumented retrieval cart has been used to assess the
liner damage and to measure the inner diameter of the liner between the
borehole entrance and the collapsed section. This data is used to select a
diameter and thickness of the repair liner which are compatible with the
inner diameter of the undamaged liner and the outer diameter of the waste
container. A remotely actuated mechanism is then inserted to the damaged
liner section and expanded to reopen the collapsed section. Repair liner is
then inserted to line the damaged section.

The second concept for liner repair differs from the first in only one
aspect: the liner expander is replaced with a rotating drill bit with
expandable reaming arms that allow the bit to drill a hole larger than the
repair liner outside diameter but also retract in order to fit inside the
repair liner for withdrawal from the borehole. The drill bit used for this
purpose must be capable of cutting the damaged steel liner, the repair
liner, and any rock that may protrude into the borehole. The repair liner
in this case is advanced into the borehole as the drill bit progresses
through the damaged section, thereby preventing subsequent rock fall and
binding of the drill bit. When the damaged section has been completely
drilled and reopened, the bit is withdrawn and the repair liner is cut to
length, leaving the repair liner in the borehole to keep it open.
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Alternate Access Concevt

If it is not possible to repair a collapsed liner section in order to
free blocked containers, it will be necessary to create alternate access to
the containers in order to ensure removal. The proposed repository design
features parallel emplacement drifts in each emplacement panel and main,
perimeter, and panel access drifts along the perimeter of each emplacement
panel (see Subsection 2.2.1). As a result, alternate access to a given
borehole can be provided by constructing a drift parallel to the emplacement
drift serving that borehole.

The concept is illustrated in Figure 15. The alternate access drift
shown provides access to the blocked waste containers from the end of the
borehole opposite that used in normal retrieval. For this concept to be
viable, the first dolly emplaced in each borehole must contain a shield plug
rather than a waste package. This would allow construction of the alternate
access drift and preparation of the newly exposed end of the borehole to be
completed without significant radiological exposure to the workers from the
emplaced waste. Following borehole preparation, retrieval operations could
continue using the retrieval cart and cask mechanism. Of course, this
implies that pull-rings used by the retrieval cart grapple must be placed on
both ends of the waste dollies prior to emplacement.

Procedures for Retrieving Bound Waste Containers

In the unlikely event that the liner collapses on a container or the
container is otherwise bound in a horizontal borehole, it will be necessary
to create alternate access to the waste container and free it prior to
removal. (If the dollies are coupled, it will be necessary to first
uncouple the dollies between the borehole entrance and the bound waste
container and to remove the unbound waste containers using the retrieval
cart.) Two concepts for removing bound waste containers are being
considered for further evaluation: (1) reaming and coring through the
original borehole; and (2) reaming and coring through the original borehole,
coupled with construction of an auxiliary access drift for performing an
auxiliary liner-cutting operation.

Horizontal Reaming and Coring Operations

The concept for reaming and coring operations to remove a bound waste
container from a horizontal borehole is shown in Figure 16. With this
concept, a reaming drill system is used to enlarge the borehole between the
entrance and the bound waste container. A core drill system is then used to
core the rock surrounding the waste container, cut through the liner at the
end of the waste container, and retrieve the waste container core into a
shielded cask for subsequent transport and delivery to the surface.

If other containers are still in place in the borehole, the procedure
described above may be repeated in order to retrieve them. Alternatively,
if the remaining containers are not blocked or bound, they may be retrieved
through the alternate access drift previously described or through the
original enlarged borehole, using the retrieval cart. In the latter case,
it would be necessary to emplace a ramp in the borehole for the cart to use
in climbing the step from the enlarged borehole section into the original
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Fig. 16 - Reaming and coring through the original borehole to remove a bound
waste container
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borehole section. If sloughing of the borehole walls proves to be a problem
in the enlarged borehole section, it may be necessary to insert a liner in
the enlarged section.

Auxiliary Liner Cutting Overstions

In some cases, for example with a heavily deformed liner, it may not be
possible to cut the liner at the end of the waste container core as
described above in order to free the core for retrieval. Furthermore, if
the dollies are coupled, it may not be possible to uncouple the dolly of the
bound container from the remaining dollies. In such cases, it will be
necessary to construct an auxiliary access drift to provide access for
equipment used to cut the liner and dolly coupling from the side. The
concept is illustrated in Figure 17.

The first step in this procedure is to construct an auxiliary access
drift parallel to the emplacement borehole at a distance which provides
workers with adequate shielding from the emplaced waste by the intervening
rock during drift construction. At the location where the liner must be
cut, a borehole shielding closure is installed on the rib of the auxiliary
access drift.

A shielded drill machine is then moved into place in the auxiliary
access drift to drill an auxiliary borehole to the emplacement borehole
liner. Following this operation, a shielded liner cutter is moved into
place to cut through the liner (and dolly coupling, if necessary). The
waste container core can then be removed through the original borehole into
the core drill cask.

2.2 Potential Advantages of Horizontal Emplacement

The basis on which the comparisons of vertical and horizontal
emplacement are made are the reference designs that are presented or will be
presented in the following reports:

SAND84-1351 Two-Stage Repository Development at Yucca Mountain: An
Engineering Feasibility Study

SAND84-2641 Site Characterization Plan Conceptual Design Report (in
progress)

2.2.1 Technical advantages

Analyses to date reveal several technical advantages of horizontal
emplacement over vertical emplacement. These advantages result in a
simpler, safer, and more effective repository configuration. They include a
decreased extraction ratio, lower emplacement drift temperatures,
simplification of the underground ventilation system, a smaller surface muck
pile, and several safety and performance advantages.

Decreased Extraction Ratio

Figures 18 and 19 show the underground layout and a typical emplacement
panel for vertical emplacement. Figures 20 and 21 show the underground
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FIq. 19 - Panel layout for vertical emplacement



useT sArT

LEEND

V1 ASYrc CIULACEwwH YEAR
(FMSTART Or EWLAcCEPNT30

---- WASTE YEAR PORVER
I PANEL wimm

pI--D v MDOR.C

-HAIM "WPM Tw

Fiq. 20 - Underground factilty layout for horizontal emplacement



m
0

I II I eI a I I I.4 1..

-

.
DETAIL OF HWIRZONTAL

ECPLACCMENT DIMNCSIONS

e

a

I0'

I

GRMF4CU'ALC

RM * ga 401
-I-- 144 x EI'
PANEL ACCESS DRIFTS

I

a

WLV AW XE3S
-- Sr A0RM.LS

I
1314 K 312V
ENPLACEWCNT

wriTs

23' DIATER
PERIMETER DRIFT

-4 -� - - -I I 4 I I I - U Sw I I I a I I I I ' a I a I

Fia. 21 - Panel layout for horizontal emplacement



layout and a typical panel for horizontal emplacement. Based on a single
emplacement panel, including the drifts that provide access and ventilation
to the waste emRlacement drifts, the extraction ratio for vertical
emplacement is approximately 18.3%. On the same basis, for the same
quantity of stored waste, the extraction ratio for horizontal emplacement is
7.1%.

Within a single emplacement panel, a comparison of extraction ratios
can be made by comparing the number and widths of drifts for each
configuration. For horizontal emplacement (Figure 21), the distance between
the 23 foot-wide emplacement drifts is 748 feet. For vertical emplacement
(Figure 19), there are seven drifts, each 16 feet wide, within the same 748-
foot width. The ratio of vertical to horizontal extraction of rock, based
on these considerations, is thus

vertical extraction/horizontal extraction - (7 X 16)/(1 X 23) - 4.87.

Lower extraction ratios result in less potential subsidence and hence less
disturbance of the natural state of the emplacement and overlying geological
horizons.

Lower Em2lacement Drift Temperatures

The last waste package installed in a horizontal emplacement borehole
can be emplaced with sufficient standoff from the emplacement drift wall to
delay an increase in the temperature of the emplacement drift. This
temperature delay can be adjusted by varying the standoff. A relatively
small standoff is sufficient to retard the increase in drift temperatures
for a long period of time. The lower temperature allows repository
personnel access to the emplacement drifts for inspection, instrument
observation, maintenance, and other tasks without the need to reestablish
large ventilation flows for cooling of the drift.

Figure 22 shows drift temperatures versus time since emplacement for
the vertical and horizontal configurations. Note from the figure that the
emplgcement drift for horizontal emplacement is calculated to be only 520C
(125 F) 50 years after waste emplacement, as compared with 120 C for the
vertical orientation.

Simplification of Underground Ventilation System

The number of emplacement drifts needed for horizontal emplacement is
considerably less than the number needed for vertical emplacement. This
reduces the requirements for ventilation stoppages, airlocks, regulators,
and other air control features. Air quantities are also reduced with
horizontal emplacement, which reduces initial capital equipment costs and
long-term operational costs.

Figures 23 and 24 show the ventilation schematics for vertical and
horizontal emplacement, respectively. Comparison of the figures
dramatically illustrates the simplification claimed. An example of the
simplification is that the number of stoppages and bulkheads is reduced by
as much as 70%.
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Decreased Size of Surface Muck Pile

Vertical emplacement requires 14,356,900 tons of material to be mined,
whereas horizontal, emplacement requires only. 5,305,400. tons of mining
(SAND84-2641, previously cited). Although the repository may be backfilled
with mined material after waste emplacement. operations are complete,
volumetric expansion of the material during mining will prevent-return of
all the material back underground. The considerable difference in mined
quantities between the two emplacement configurations has a major impact on
the size of the mined material storage and disposal pile on the surface and,
consequently, the visual and environmental impact of the repository. These
mined quantities are tabulated in Section 2.2.2.

Safety Advantages

The smaller number of borehole preparations and closures required for
horizontal emplacement will result in a smaller radiation dose to
underground emplacement workers, e.g., for vertical emplacement, there will
be 15 times as many shield plug installations as there will be for
horizontal emplacement (based on the current design thatrplaces 15 waste
packages in a single horizontal emplacement hole). Furthermore, radiation
levels in the drifts should be lower with horizontal emplacement due to the
greater standoff of the waste packages.

The amount of mining required to support horizontal emplacement is
considerably less than that required for vertical emplacement (see mining
quantities and crew sizes presented in Section 2.2.2). This reduction in
mining crew size reduces the total personnel exposure to the hazards
associated with mining.

Performance Advantages

There are a number of potential repository performance advantages that
may be realized if horizontal emplacement is used. At this point these
potential advantages, have been identified only to substantiate that
horizontal emplacement is not detrimental to operational or long-term
repository performance when compared with vertical emplacement. Examples of
potential performance advantages are:

1) The waste package is further isolated from repository construction
features such as borehole collars and drift support systems that may utilize
materials such as concretes. or grouts. This advantage is related to the
possibility for modification of groundwater chemistry. This scenario is
currently being actively assessed by the NNVSI project.

2) In the unlikely event that a drift floods with water, flood waters
would have to reach higher levels in order for the water to enter a waste
emplacement borehole and contact the waste packages.

3) The emplacement drifts for horizontal emplacement are more stable
than the drifts necessary for vertical emplacement because of the drift
shapes required in each configuration, the vertical jointing of the host
rock formation, and the anticipated thermal stresses.
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4) Construction blast over-break (i.e. propagation of fractures into
surrounding media during drift blasting operations) has a greater potential
for creating a preferential path for groundwater movement past the
containers in the vertical configuration since the containers would be
placed closer to and directly under the drift. The potential significance
of this factor is not known at the present time.

2.2.2 Cost Advantages

Cost Savings Based on the Two-Stage Renository Concept

The report "Two-Stage Repository Development at Yucca Mountain: An
Engineering Feasibility Study," SAND84-1351, illustrates the cost benefits
that result from horizontal emplacement. The following is a summary of the
cost benefits indicated by this report. The costs are listed for the more
significant cost accounts used in the report:

TABLE 1. MAJOR COSTS OF VERTICAL AND HORIZONTAL EMPLACEMENT (SAND84-1351)

Vertical Emplacement

Costs (Millions)
Cost Account Engr & Const Operation Deco Total

Transfer & Emplacement 99.6 1,138.2 0 $1,237.8

Corridors 113.0 383.0 0 S 496.0

$1,733.8
Horizontal Emplacement

Costs (Millions)
Cost Account Engr & Const O.eation Decoe Total

Transfer & Emplacement 81.0 635.9 0 $716.9

Corridors 76.9 39.7 0 S116.6

$833.5

This represents a cost savings of $900iOOO,OOO based on these accounts
alone. The total repository cost from this report is $7,013,604,000 for
vertical emplacement and $5,924,215,000 for horizontal emplacement ... thus
the total difference is $1,089,215,000. This comparison does not include
the higher development costs associated with horizontal equipment; however,
this cost differential is expected to be only a very small percentage of the
differences cited above.

The major item impacting the difference in cost for vertical and
horizontal emplacement is the quantity of mining required. This quantity
affects crew sizes, equipment requirements, and material requirements. A
summary comparison of the differences in mined quantities and crew sizes is
as follows:
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TABLE 2. MINING REQUIREMENTS FOR VERTICAL AND HORIZONTAL EMPLACEMENT
(SAND84-1351)

Drift Tons Mining
tion Length Mined Crew

Vertical Emplacement 610,740 14,356,900 305

Horizontal Emplacement 245,870 5,306,400 83

The tonnage difference is 9,050,500 tons, and the difference in crew
size is 222 people.

Cost Comparison by Another Agproach

Figure 25 compares the total underground-related costs for vertical and
horizontal emplacement, based on different quantities of waste packages.
This comparison is based on work done to support the following report:

SAND85-1580 Cost Comparison of Horizontal and Vertical Waste Emplacement
Methods for a Repository in Tuff,w SAND85-1580 (draft)

The comparison is based on: (1) horizontal emplacement using 300 foot-long
emplacement boreholes and a 100 foot standoff from the wall of the
emplacement drift to the last waste package emplaced; and (2) a vertical
emplacement configuration as defined in SAND84-2641, previously cited. The
potential savings using horizontal emplacement by this comparison can be as
much as $800 million for the approximately 40,000 waste packages of spent
fuel, defense high-level waste (DHLW), and West Valley high-level waste
(WVHLV) that could be received.

Figure 26 presents the results of an analysis done in SAND85-1580 to
choose the length of borehole to be used. From this figure, it is obvious
that the most significant part of the cost savings is achieved with
horizontal borehole lengths of 300 to 400 feet; therefore, there is little
incentive to employ longer and more difficult to drill horizontal
emplacement holes.

Other Areas of Cost Savings

Cost savings will be realized using horizontal emplacement in areas
other than mining; some of the other areas are:

o Borehole drilling - Horizontal emplacement would reduce the amount of
borehole drilling, the labor required for drilling, and the quantitiy of
rock material removed. For vertical emplacement, each individual borehole
would require a standoff distance from the waste package to the floor of the
emplacement drift; with horizontal emplacement, a single standoff distance
would be required for up to 15 waste packages. The number of borehole drill
set-ups would be less for horizontal emplacement by a factor equal to the
number of waste packages in each horizontal borehole.
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o Borehole hardware - Fewer shield plugs, borehole covers, monitoring
instruments, and site preparations are required for horizontal emplacement.
The cost of these and other items would be amortized over a greater number
of waste packages in horizontal boreholes. With vertical emplacement, each
borehole and waste package will require this hardware.

o Support labor - The ancillary tasks necessary to prepare and close an
emplacement borehole require considerable labor. These tasks include the
installation of the shielding closure, transporter guides, shield plug, and
borehole cover. In the current tuff repository concept for horizontal
emplacement, a minimum of 15 waste packages are emplaced in each borehole.
In the vertical concept, only one waste package is placed in each borehole.
This difference results in 15 times as many hole preparations and closures
for vertical emplacement.

2.3 Potential Disadvantages of Horizontal Emplacement

2.3.1 Technical Disadvantages

Equipment Development

The horizontal emplacement equipment has not been constructed and
demonstrated. Conceptual designs have been completed, and the concepts
appear to be feasible, as discussed in Section 3. Questions about the
adequacy of these concepts will exist until demonstrations are completed;
however this disadvantage is not totally exclusive to horizontal
emplacement. The demonstrations of vertical emplacement in Project Salt
Vault and Climax demonstrated concept feasibility, but not to the level of
detail required prior to license application. Selected proof-of-princple
demonstrations will be required for either configuration, regardless of the
configuration selected. Furthermore, systems needed for off-normal waste
retrieval in both configurations are similar in complexity, and the need to
demonstrate feasibility would exist with either configuration.

The development and demonstration costs will be higher for horizontal
emplacement in that there are additional requirements for mechanisms; e.g.,
in horizontal emplacement a means must be devised to push the waste package
into the disposal borehole, whereas in vertical emplacement gravity performs
this function. The facility for horizontal emplacement equipment
demonstration will be more extensive and costly due to the size required to
replicate the emplacement borehole and emplacement drift.

The cost advantages for horizontal emplacement are predicated on the
use of long emplacement holes that will contain a large number of waste
packages. The ability to drill and line these holes has not yet been
demonstrated; this is the most significant development that must be
accomplished before a final decision for horizontal emplacement can be made.

Respository Performance

Horizontal and vertical emplacement present different physical
configurations to model and analyze. Without extensive and detailed
modeling and analysis, it is not possible to predict whether one
configuration is superior to the other with respect to repository
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performance; however, bounding-type analyses and probabilistic-type
analyses have been done, using conservative assumptions, to assess the
magnitude of potential releases (SAND84-1492, 'Preliminary Bounds on the
Expected Postclosure Performance of the Yucca Mountain Repository Site,
Southern Nevada' and SAND85-2701, "Preliminary Estimate of Groundwater
Travel Time and Radionuclide Transport at the Yucca Mountain Repository
Site"). These results lead one to conclude that there is little probability
of a significant release consequence due to emplacement configuration.

Because the horizontal boreholes will be drilled blind, there is
concern about the potential for the existence of faults through the
boreholes. If the faults are considered potentially active and capable of
displacements greater than a few centimeters, it would be conceivable that
waste packages might become bound in the hole and thereby present a problem
for retrievability. Flowpath modification due to fault movement also
presents potential concerns. At this time, fault motion effects warrant
further investigation to consider the potential for occurrence, the impact
of their occurrence, and the likelihood that they might be undetected during
access and perimeter drift construction.

With the horizontal concept, a concern exists that the metal in the
liner could alter the water chemistry, resulting in accelerated waste
package corrosion and/or waste form leaching. The potential for problems
can be reduced or eliminated through the use of sacrificial materials and
the proper selection of the liner material. It should be noted that the
vertical configuration also includes a significant amount of shield plug and
liner material above the waste package. It is unclear as to whether or not
a quantifiable advantage or disadvantage exists (relative to the emplacement
option decision) for the material compatibility considerations.

RetrievabilUit

Based on the number of concepts presented for horizontal off-normal
retrieval equipment versus the number of concepts presented for vertical
off-normal retrieval equipment, it might be concluded that off-normal
retrieval is more uncertain with the horizontal configuration. Comparisons
between the configurations with respect to retrievability cannot be
accurately made, however, until the off-normal conditions for each
configuration are further evaluated to determine their credibility and
probability of occurrence and until the development and demonstration needs
are explicitly defined.

2.3.2 Cost Disadvantages

The development costs for the equipment to construct the emplacement
boreholes and to emplace and retrieve the waste will be higher for the
horizontal emplacement concept. It is anticipated, however, that these
costs will represent only a small fraction of the potential savings
associated with the horizontal emplacement option.
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3.0 FEASIBILITY OF HORIZONTAL EMPLACEMENT CONCEPTS

This section addresses the feasibility of the horizontal emplacement
concepts that have been developed. Feasibility is addressed in two ways.
Section 3.1 presents a description of horizontal emplacement/retrieval
equipment and a discussion of the practical aspects of equipment
development; and Section 3.2 discusses general theoretical and analytical
considerations related to the technical feasibility of the horizontal
emplacement and retrieval system.

3.1 Equipment Feasibility

Assessment of equipment feasibility is accomplished by outlining the
philosophy used in equipment design, describing equipment concepts,
identifying key components and their functional requirements, and discussing
similarities with equipment and operations already in existence that perform
similar functions in otlher applications.

3.1.1 Equipment Design Philosophy

The equipment developed for borehole drilling, waste emplacement, and
waste retrieval have been and will be designed according to the following
principles:

- Primary emphasis will be placed on reliability, at the possible expense of
efficiency. This will be accomplished by keeping designs as simple as
possible.

- High safety margins will be employed to minimize the risk of damaging
waste packages due to equipment failure and to minimize the potential for
adverse consequences due to human error.

- Hazardous operations will be controlled remotely to minimize radiation
exposure and other safety risks to personnel.

- Designs will be based on existing technology where possible in order to
improve reliability and keep development costs down.

- Redundancy will be designed into key systems to minimize disruption of
operations due to equipment failure.

- Backup equipment will be designed to perform critical functions in the
event of primary equipment failure.

- Equipment will be designed for easy access to key components for
maintenance and repair.

- Emplacement equipment will be designed so that it can also be used for
normal retrieval operations.

- Equipment designs for off-normal conditions will be based on credible
scenarios for those conditions.
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3.1.2 Borehole Drilling and Lining Machine

3.1.2.1 Equipment Description

One of the least proven operations required for the horizontal
emplacement concept is drilling and lining long, horizontal boreholes
accurately and efficiently. Design of a system for performing this
operation has been underway for several years and is described in the
following reports:

SAND83-7085 Repository Drill Hole Methods Study

SAND84-0184 Full Face Boring of Long Horizontal Holes Versus Pilot Hole
Drilling and Reaming

SAND84-7103 Small Diameter Horizontal Hole Drilling--State of Technology

SAND86-7004 Design of a Machine to Bore and Line a Long Horizontal Hole
in Tuff (in review)

SAND86-7209 Feasibility Studies and Conceptual Design for Placing Steel
Liner in Long Horizontal Boreholes for a Prospective
Nuclear Waste Repository in Tuff (in review)

A schematic of the prototype development hardware currently under
consideration is shown in Figure 27. This system consists of the following
components:

Inhole drill

The drill motor is located inside the borehole and drives a drill head
fitted with carbide-insert roller cutters. The drill is connected to the
borehole liner through a ball joint assembly that allows the drill head to
be steered in order to maintain proper trajectory. Steering is accomplished
by hydraulically actuating wedges that push against the liner and force the
drill head into alignment with the desired trajectory. A laser guidance
system is used by the operator to determine the current position of the
drill head so that corrective steering action can be taken. The laser
guidance system to be used has performed successfully on numerous tunnel
boring machines (TBMs).

The borehole drilling system is designed to drill a hole with a
deviation of less than six inches per 100 feet, with a total deviation for
the entire hole of less than 12 inches. The use of a laser guidance system
and the ability to directly steer the drilling head should allow this
accuracy to be maintained. As a result, boreholes will be staight enough to
prevent waste packages from becoming stuck as a result of hole deviation
because the clearance between the 16 foot-long waste packages and the liner
will be a minimum of 1.5 inches.

The drill is designed so that it can be removed from a partally
completed hole for maintenance or repair.
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Borehole liner

Lining of the borehole is accomplished as the hole is drilled. Thrust
to the inhole drill is transmitted from the mobile derrick through the liner
and ball joint assembly. The inhole drill can be removed for maintenance
and upon completion of the hole by remotely uncoupling the ball joint
assembly from the liner and pulling the drill assembly through the inside of
the liner. The drill head diameter is smaller than the liner inside
diameter, making this operation possible. By mounting the drill head
eccentrically to the rotary shaft, a hole larger than the liner outside
diameter can be drilled with the shaft centered; by moving the shaft to an
eccentric position, the drill head is centered and can, therefore, be
withdrawn.

Mobile derrick

The derrick is anchored to the walls and roof of the drift and provides
thrust to the liner through a traversing head powered by large hydraulic
cylinders. The traversing head also provides passage for the muck pipes
that carry rock chips from the drill head to the mucking system.

Mucking system

Because of the self-imposed design goal that little or no water be
introduced into the borehole for chip removal, a vacuum mucking system is
employed. The system consists of vacuum pumps, muck pipes, and filter
boxes. Clean air is drawn by vacuum down the inside of the liner, across
the drill head where it picks up rock chips, through the muck pipes, and
into the filter boxes. Primary and secondary filtering is performed to
remove rock chips and fugitive dust particles prior to discharge of the air
back into the drift.

3.1.2.2 Feasibility As'sessment

Although this system design is a new development, it is based on
existing technology. The inhole drill represents a reduction in scale of
current TBMs. Drill head and cutter design as well as thrust requirements
are based on extensive blind-hole drilling experience. The derrick assembly
design draws heavily on extensive experience with raise drills that are
currently in operation worldwide. The vacuum mucking system design is based
on experience with pneumatic transport of rock cuttings in tunnel-boring,
backfilling, and drilling operations.

Analysis presented in SAND86-7004, previously cited, indicates that
the proposed borehole lining operation is feasible. Based on conservative
assumptions for cutting forces, dead-weight friction, drilling head
stabilizer friction, borehole gradient, and borehole deviation, a maximum
liner installation force of 1.3 million pounds is calculated. Stress
analysis based on these loads indicates that a steel liner with a wall
thickness of 0.5 inch is sufficient to safely handle these loads without
compressive failure or buckling. Loads on the order of those calculated are
routinely handled in pipe-jacking operations in the construction industry.
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3.1.3 Closure Hardware

3.1.3.1 Equipment Description

Shown in Figures 28, 29, and 30 are schematics of current design
concepts for horizontal borehole closure hardware.

Borehole Shielding Closure

The borehole shielding closure serves as a radiation shield when the
borehole is partially filled with waste packages. The closure is bolted to
an interface plate that is mounted on a flange on the front of the borehole
entry liner. The closure includes a shield collar that mates with the cask
during emplacement (see Section 3.1.4.1). Ballscrew-driven closure doors
are included to provide shielding that can be retracted during emplacement
operations. The shielding closure is replaced with a shield plug and
borehole cover when the borehole is filled to capacity; thus, the closure
can be moved from borehole to borehole as emplacement operations proceed.

Shield Plug

Prior to removing the shielding closure from a given borehole, a shield
plug is installed, as illustrated in Figure 29. The plug is constructed of
steel or other dense material and fits into a flared section of the borehole
entry liner. Emplacement of the plug is accomplished with a modified
forklift employing an extending boom. Mating of the shield plug installer
with the shield collar on the shielding closure is accomplished prior to
retraction of the closure doors and subsequent emplacement of the plug.
Shielding of the borehole entry can thus be maintained throughout the
plugging operation.

Borehole Cover

Once the shield plug is installed, the shielding closure is removed and
replaced with a permanent borehole cover (Figure 30). This cover secures
the borehole, provides borehole identification, and retains waste package
information. (See Sect. 3.1.5.1 for description of cable retrieval system.)

3.1.3.2 Feasibility Assessment

The concepts presented for the closure hardware are simple in that they
employ predominantly mechanical or hydraulic designs. Similar mechanisms
have been used in hot cells (NFS, AGNS, and FFTF) which involve the transfer
and handling of nuclear materials. The proposed hardware is thus within the
scope of available technology. Further work is required to define specific
design requirements for shields to ensure radiological safety (e.g. types
and thicknesses of shielding materials).

3.1.4 Waste Transporter

3.1.4.1 Equipment Description

The waste transporter consists .of a vehicle fitted with a turntable and
cask, as shown in Figure 31. The waste package is stored inside the
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shielded cask as the transporter moves from the surface storage facility to
the underground emplacement borehole. Several options exist for the
transporter design, as discussed in detail in the following reports:

SAND83-7089 Conceptual Engineering Studies and Design for Three Different
Machines for Nuclear Waste Transporting, Emplacement, and
Retrieval

SAND85-7118 Feasibility Evaluation for Using Electric Drive for Nuclear
Waste Transporter (in review)

Transporter Vehicle

The currently preferred transporter alternative employs a manned,
rubber-tired vehicle powered by electric traction motors. The electric
power is supplied by an overhead contact wire system, with storage battery
power as an option for independent operation over short distances.
Mechanical brakes are assisted by electric dynamic braking employing
vehicle-mounted resistor grids.

In order to reduce worker radiation doses, all emplacement operations
will be conducted by personnel inside the shielded cab of the transporter.
The cab of the proposed transporter will seat two persons: the driver and
the emplacement operator. Controls mounted inside the cab will allow the
emplacement operator to operate the turntable, shield doors, and emplacement
mechanism. Copious indicators, control devices, and interlocks will be
employed in the control system to assure that operations are performed in
correct order and that proper positioning of the cask is accomplished prior
to emplacement.

Turntable

To minimize drift width requirements, the cask is mounted on a
turntable, which allows the cask to be carried such that its longitudinal
axis is parallel to the direction of travel. When the transporter reaches
the emplacement borehole, the turntable rotates the cask 90 in a horizontal
plane. A hydraulic leveling system aligns the cask with the borehole so
that emplacement can be accomplished while maintaining shielding at the
cask/borehole interface.

Cask

The cask serves the dual function of providing shielding for the waste
package during underground transport and housing the emplacement/retrieval
(E/R) mechanism described in Section 3.1.5.1. Since the cask provides
primary shielding of the environs from the waste package, it will, by
necessity, be massive. The cask will be designed with a cavity that mates
with the shield collar on the borehole shielding closure during emplacement.
Closure doors on the cask will remain closed until the cask is properly
mated with the shielding closure.
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3.1.4.2 Feasibility Assessment

No significant differences between vehicle design requirements for
vertical and horizontal emplacement have been identified which may affect
feasibility. Similar vehicles to that described above are currently in use
at several surface and underground mines worldwide, although none of these
are used to carry nuclear waste. Retrofitting of vehicle cabs with
radiation shielding is currently done on a commercial basis, employing
leaded glass and specially-formulated shielding panels that are attached to
cab enclosure surfaces.

The turntable used for positioning the cask can be developed using
existing technology. Similar systems capable of positioning similar-weight
loads are currently in use in the machine tool industry (e.g. large milling
machines). Positioning accuracy of these systems is well within the
requirements of the waste transporter. Similar controls to those necessary
for controlling cask positioning are currently in use in a variety of
applications in, for example, the nuclear and aerospace industries.

Construction of the cask is within the capabilities of existing
technology, although further work must be performed to determine specific
design criteria such as types and thicknesses of shielding materials. There
is essentially no difference between horizontal and vertical emplacement
options as regards the feasibility of constructing the transporter cask.

3.1.5 Emplacement/Retrieval System

3.1.5.1 Equipment Description

The emplacement/retrieval (E/R) system consists of the E/R mechanism,
supporting hardware, and the waste container dolly. Three reports have been
written that describe some of the design concepts for the E/R system:

SAND83-7089 Conceptual Engineering Studies and Design for Three Different
Machines for Nuclear Waste Transporting, Emplacement, and
Retrieval

SAND84-2197 A Recommendation for Radioactive Waste Horizontal Emplacement
Equipment for Tuff, Basalt, and Granite (in review)

SAND84-2640 Disposal of Radioactive Waste Packages in Horizontal Boreholes
--A Description of the System, Equipment, and Procedures for
Emplacement and Retrieval (in review)

E/R Mechanism

The current design concept for the E/R mechanism is illustrated in
Figure 31. The mechanism employs a screw-driven, double-acting extension
plate which pushes the waste container and dolly into the borehole during
emplacement and pulls the package back into the cask during retrieval. Upon
mating of the cask and opening of both sets of closure doors, the extension
plate is actuated. The plate is driven out of the cask by the ballscrew,
while the chain drive extends the package beyond the end of the plate and
into the borehole. A cam mounted in the borehole entry liner lifts the hook
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on the dolly of the waste container currently being emplaced, causing it to
connect with the dolly of the preceding container. A second cam releases
the hook on the pusher plate from the dolly currently being emplaced,
allowing the extension plate to be retracted into the cask while leaving the
waste package in the borehole. Retrieval under normal conditions is
accomplished by reversing this procedure.

WastS Container Dolly

The dolly is employed for several reasons. By equipping the dolly with
wheels, it is possible to emplace and retrieve the waste package without
sliding it along the liner. The dolly also takes all loads generated during
emplacement and retrieval off the waste container, thereby lowering the
possibility of damaging the container. The use of a dolly allows waste
containers of different sizes to be emplaced without changing the E/R
mechanism. Finally, the dolly system allows waste packages to be coupled
together to form a train of waste packages in the borehole, which has
certain advantages.

Coupling the dollies together is being considered in order to allow
waste packages to be pulled to the retrieval position without reaching
farther into the borehole than necessary. As a given waste package is
retrieved, the other packages are pulled forward; thus after retrieval of
the first package from the borehole, packages are always in a standard
position for retrieval. This simplifies the design of the retrieval
mechanism and increases the efficiency of retrieval operations.

Independent Standoff Mechanism

Consideration is being given to a mechanism, either integrated into the
E/R mechanism or developed as a separate machine, for achieving standoff
between the emplacement drift and the last waste container emplaced. Such a
mechanism could employ hydraulic cylinders that extend sections of coupled
tubing to push the containers as far inhole as needed. An automated system
for coupling and uncoupling the tubing sections could be employed to allow
the mechanism to operate within a totally enclosed, shielded cask. This
system is attractive because it may be more cost-effective than using dummy
waste packages or empty dollies to achieve standoff.

Cable Retrieval System

A concept for augmenting the described retrieval system is illustrated
in Figure 32. The cable retrieval system consists of a cable which is
attached to a pusher plate assembly inserted in the hole prior to waste
emplacement, several pulleys to guide the cable in the entry liner region,
and a motor-driven cable reel. In the event that dollies become uncoupled
during the retrieval process, it would then be possible to retrieve the
waste packages by retracting the cable. Such a system may also be
advantageous if a waste package becomes stuck, in that higher tensile loads
could be exerted on the cable than on the hooks that couple the dollies
together.
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Retrieval Cart System

Consideration is also being given to employing uncoupled dollies, as
described in Subsection 2.1.2.1.2. In this case, emplacement would be
identical to that for coupled dollies, but retrieval would require a
different procedure. The concept would employ a retrieval cart which is
self-propelled or otherwise inserted into the borehole, a grapple system for
grabbing a pull-ring on the waste container dolly, and a cable retrieval
system for pulling the cart and waste container toward the borehole
entrance. The cart would then release the waste container and leave it in a
standard removal position for subsequent removal with the E/R mechanism
previously described.

Several options exist for propelling the cart into the borehole. These
include: a cart-mounted electric motor; a cart-mounted hydraulic motor; a
cart-mounted air motor; and a rigid tube insertion mechanism similar to the
independent standoff mechanism previously described.

The grapple system can be designed to be remotely actuated using an
electric solenoid or mechanical linkage to the drive train. Alternatively,
it could be designed to actuate upon contact with the pull-ring on the
dolly. In any event, it must be designed so that the grapple can be
uncoupled from the waste container upon reaching the standard removal system
or in the event that off-normal conditions require uncoupling and subsequent
off-normal retrieval operations.

3.1.5.2 Feasibility Assessment

As described above, several options exist for the waste retrieval
system. Whichever concept is selected for further development, the system
will be designed so that retrieval is not dependent upon the wheels of the
dollies being able to roll. It is conceivable that after a long storage
period, some of the wheels may develop flat spots, the bearings may seize,
or some other scenario leading to increased rolling resistance may develop.
The selected retrieval system will, therefore, be designed with enough
pulling capacity to retrieve waste packages against sliding friction.

A one-twelfth scale working model of the E/R mechanism has been
constructed and tested. This model has been used to verify that the
equipment design concepts are workable and to identify changes that improve
the design.

Equipment components similar to those described for the E/R system are
currently in use in assembly-line manufacturing, particularly those
applications that employ robotics. Differences do exist that cause special
design considerations for the E/R system, but these differences do not pose
significant feasibility concerns.

The radiation environment, for instance, presents no feasibility
concerns, as evidenced by the components that operate in existing hot cells.
A specific example of a system that operates in a high radiation environment
is the Pulsed Reactor operating at Sandia National Laboratories. The
auxiliary systems of this reactor include electric motors, electromagnets,
and transducers such as thermocouples and proximity gages. This reactor and
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its predecessors have been successfully operated for years using standard,
readily available components. A support system used with this reactor is a
monitor network that places remotely operated television cameras inside the
reactor containment building. These cameras operate for long periods of
time with only minor maintenance.

The thermal environment that will exist during retrieval is another
condition that presents special design considerations but does not pose
significant feasibility concerns. High-temperature mechanical components
are readily available-in many instances. For example, roller bearings are
available commercially that can operate for intermittent periods, at
temperatures of 175%C. This temperature capability is more than adequate
for the expected conditions inside the emplacement borehole because the
equipment used for retrieval will not remain in the borehole for significant
periods of time. Other bearing materials such as graphite are available
that are usable to temperatures far in excess of the 200 C expected in the
borehole.

There are also many examples of materials and engineered systems
operating at temperatures much higher than those expected inside the
emplacement borehole. Some examples are : steam and gas turbines; aircraft
jet engine thrust reversal systems; equipment used by the steel and aluminum
forging industry; and drilling and logging equipment used in the geothermal
drilling industry.

Components that cannot survive high temperatures, such as electric
motors or electronic components that may be mounted on the retrieval cart to
perform propulsion or borehole inspection functions, can be insulated to
allow them to survive the short periods of time that they would be in the
borehole. If longer periods of time inhole are required, techniques that
employ Dewar-type flasks and eutectic heat sinks could be used to keep the
components within their operating temperatures. These techniques have been
used successfully in the geothermal industry to allow electronic components
to survive in high-temperature environments (>200 C) for several hours.

3.1.6 Special Retrieval Equipment for Off-Normal Conditions

In this subsection, the equipment required for retrieving waste from
horizontal boreholes under off-normal conditions is described, and the
feasibility of that equipment is assessed. It should not be inferred from
this discussion that this equipment will necessarily be needed or that the
associated off-normal conditions will occur on a frequent basis. Similarly,
it should not be inferred that retrieval from horizontal boreholes under
off-normal conditions is necessarily more difficult than retrieval from
vertical boreholes under off-normal conditions. The off-normal retrieval
equipment for the vertical configuration shares many of the same design
considerations and feasibility concerns; however, since the topic of this
report is the feasibility of horizontal emplacement concepts, equipment for
the vertical configuration is not explicitly discussed. Instead reference
to the feasibility of vertical off-normal retrieval equipment is made where
applicable in the following discussion.
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3.1.6.1 Equipment Description

Initial concepts for procedures to retrieve waste from horizontal
boreholes under off-normal conditions are described In the following
reports:

SAND83-7089 Conceptual Engineering Studies and Design for Three Different
Machines for Nuclear Waste Transporting, Emplacement, and
Retrieval

SAND84-7100 Core Drill Conceptual Design Study for Retrieval of Stored
Radioactive Waste (in review)

Concepts currently under consideration are presented in Subsection
2.1.2.2.2. Equipment required to perform the off-normal retrieval
operations are discussed in more detail in the present subsection. In
general, these concepts are not as fully developed as the concepts for
emplacement and normal retrieval.

Design considerations that apply to all equipment required for these
concepts pertain to the maintenance of shielding during the operations.
Casks that carry the various special components that travel inhole to
perform various functions must have sufficient shielding to protect
operators during off-normal retrieval operations. Because of the
possibility that these components would encounter contaminated material
while performing those functions, the casks must be provided with shield
doors to provide personnel shielding from the contaminated components during
transport through the drifts. For the same reason, water-sensitive parts of
the equipment components must be contained within watertight housings to
allow the components to withstand decontamination operations.

Horizontal Shield Plug Coring System

The horizontal shield plug coring system would be used to remove a
shield plug that is bound in the borehole. The system would employ a core
bit coupled to a core barrel for drilling the rock surrounding the bound
shield plug and removing the plug. The core bit and barrel would be carried
to the borehole in a shielded cask by a transporter. Auxililary equipment
needed for the coring operation includes equipment needed for cooling the
bit and removing and storing rock chips generated by the coring system.

The core bit and core barrel would be rotated and thrust forward with
the core drill system. Because of the limited drilling interval, it may be
possible to achieve the thrusting function with a large hydraulic cylinder.
Rotation of the cylinder could be accomplished with an electric or hydraulic
motor mounted in the core drill cask. This motor would probably require an
auxiliary cooling system.

Fluid for cooling the bit and cleaning rock chips out of the borehole
must flow into the cask, around the outside of the core barrel and bit body,
into ports located on the face of the core bit, through passages in the core
barrel and thrust cylinder, through a fluid slip-ring on the thrust
cylinder, and out of the cask. Air would probably be used as the drilling
fluid. The drilling fluid system must be designed with the possibility that
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contaminated material may be drilled. As a result, the drilling fluid must
either be contained within a shielded flow system outside of the cask and
recycled or else filtered and decontaminated. Rock chips would have to be
stored in a shielded container for transport to the surface and subsequent
disposal.

The vertical shield plug coring system described in Subsection
2.1.2.2.1 has similar design considerations to those presented here.

Dolly Uncoupling System

The dolly uncoupling system would employ a mechanism for disconnecting
hooks between waste container dollies in a horizontal borehole under off-
normal conditions so that blocked or bound waste containers could be
removed. The mechanism would be carried to the borehole in a shielded cask
by a transporter. An extension mechanism would be used to push the
uncoupling mechanism to the dolly couplings and to retract the mechanism
back into the cask.

The uncoupling mechanism must be designed to slide beneath the dollies
along the floor of the liner. The extension mechanism could use hydraulic
cylinders and sections of coupled tubing to push the uncoupling mechanism to
the dolly couplings. An automated system for coupling the tubing sections
together could be used to achieve any extension into the borehole that may
be necessary.

'When the uncoupling mechanism is held stationary at a dolly coupling
and actuated, it must self-align with the dolly hook and extend a bar in
order to lift the hook to its uncoupled position. This action could be
powered with compressed air conveyed from a compressor outside the cask
through the coupled tubing.

An alternative to this system is to uncouple each dolly with the
retrieval cart prior to grabbing the dolly pull-ring and pulling the waste
container to the borehole entrance. The retrieval cart could use a remotely
controlled mechanism to slide beneath the dolly and unhook the coupling at
the rear of the dolly; or the dolly could be designed to uncouple from the
front.

Horizontal Borehole Inspection System

The horizontal borehole inspection system would employ an inspection
module that could be mounted on the retrieval cart described in Subsection
3.1.5.1 and carried into the borehole to provide data needed to assess the
condition of the borehole and waste container under off-normal conditions.
Instrumentation and equipment contained in the inspection module may include
a video camera, lights, a temperature probe, a radiation probe, and a gas
sampler.

Liner Repair System

The liner repair system would employ a liner expander and repair liner
that would be inserted in a horizontal borehole under off-normal conditions
to open and line a collapsed or severely deformed section of liner in the
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standoff region of the borehole. The system would be carried to the
borehole in a shielded cask by a transporter. A liner expander extension
mechanism would be used to insert the expander and repair liner to the
damaged section.

The liner expander extension mechanism could use hydraulic cylinders
and sections of coupled tubing to-push the liner expander into the borehole.
An automated system for coupling the tubing sections together could be used
to achieve any extension into the borehole that may be necessary.
Similarly, hydraulic cylinders could be used to push the sections of repair
liner into the borehole. It may be necessary to join the sections of repair
liner together with full or partial welds, in which case an automated system
for welding and cutting the liner sections inside the cask would be
necessary.

The liner expander must be capable of being inserted into a relatively
small-diameter section of damaged liner and expanded to a larger diameter
while exerting significant radial forces in several directions perpendicular
to the axis of the liner. The design of the expander could be similar to
that of a scissor Jack, except that webbing would be required in several
radial planes rather than one. Opening of the expander could be
accomplished with hydraulic fluid or compressed air conveyed from a pump or
compressor outside the cask through the coupled tubing used to insert the
expander into the borehole. By dividing the coupled tubing internally into
two flow paths, it would be possible to reverse the fluid flow in order to
reduce the diameter of the expander.

If the liner repair operation were successful in a given borehole. it
would be necessary to cut the repair liner at a point inside the borehole so
that the excess liner could be withdrawn into the shielded cask in order to
close the borehole shielding closure doors. This operation could be done
with liner cutters that extend radially from the feet of the expander. By
retracting the expander fully into the cask, a flow valve could be switched
to a different mode such that fluid flow through the coupled tubing would
then cause extension and retraction of the liner cutters. Cutter extension,
combined with rotation of the coupled tubing, could then be used to cut the
repair liner.

Borehole Reaming System

The borehole reaming system would be used to ream a section of
horizontal borehole so that subsequent coring operations could remove a
bound waste container under off-normal conditions. The system would employ
a reaming bit and drill system carried to the borehole in a shielded cask by
a transporter. Auxiliary equipment needed for the reaming operation
includes equipment needed for cooling the bit and removing and storing rock
chips generated by the reaming system.

The reaming bit would be designed with a conical center that uses the
lined borehole as a pilot hole, and it must be large enough to ream the
borehole to a size that will accomodate the core bit described in the next
section. The bit must be capable of cutting both the liner and the rock
surrounding the liner, and it must be designed for high-temperature
operation.
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The reaming bit would be rotated and thrust forward with the reaming
drill system. The drill system could use hydraulic cylinders and sections
of coupled tubing to provide the thrusting function. An automated system
for coupling the tubing sections together could be used to achieve any
extension into the borehole that may be necessary to drill to a bound waste
container. Rotation of the coupled tubing could be accomplished with an
electric or hydraulic motor mounted in the core drill cask. This motor
would probably require an auxiliary cooling system.

The drilling fluid system for cooling the bit and cleaning rock chips
out of the borehole has similar design considerations to those described
earlier for the horizontal shield plug coring system.

Horizontal Coring System

The horizontal coring system would be used for removing bound waste
containers from horizontal boreholes under severe off-normal conditions.
The system would employ a core bit coupled to a core barrel for drilling the
rock surrounding the waste container and removing the container. The core
bit and barrel would be carried to the borehole in a shielded cask by a
transporter. Auxiliary equipment needed for the coring operations includes
equipment needed for cooling the bit and removing and storing rock chips
generated by the coring system.

The core bit, core barrel, and drilling fluid system used in the
horizontal coring system have similar design considerations to those
described earlier for the horizontal shield plug coring system. An
additional consideration is that the core bit must have cutters mounted
inside its inner wall that can be hydraulically actuated to extend radially
inward and cut through the liner from the outer surface inward. The
hydraulic system for actuating the cutters could use a hydraulic pump
mounted outside the cask, a fluid slip ring mounted on the drill pipe, and
hydraulic lines carried inside the drill pipe.

A system for pushing the core out of the core barrel would be needed in
order to transfer the waste container core from the core barrel to the
surface storage vault. This could be accomplished with a circular plate
located in the top of the core barrel which is pushed out of the core barrel
with a pair of hydraulic rams.

The system for providing rotation and thrust to the core bit has
similar design consideration to those described earlier for the borehole
reaming system.

The vertical coring system described in Subsection 2.1.2.2.1 has
similar design considerations to those presented here.

Shielded Drill System

The shielded drill system would be used to provide access to the side
of a horizontal borehole for auxiliary liner cutting operations using the
horizontal liner cutting system and subsequent removal of a bound waste
container using the horizontal coring system. The shielded drill system
would employ a rock bit for drilling a hole from an auxiliary drift to the
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emplacement borehole liner. The drill system would be carried into the
auxiliary drift in a shielded cask by a transporter. Auxiliary equipment
needed for the drilling operations includes equipment needed for cooling the
bit and removing and storing rock chips generated by the drilling system.

The drill bit in this system would be required to cut only rock. It
must be large enough in diameter to drill a hole that will accomodate the
auxiliary liner cutter described below. Otherwise, the drill bit and system
for providing rotation and thrust to the bit have similar design
considerations to those described earlier for the borehole reaming system.

The drilling fluid system for cooling the bit and cleaning rock chips
out of the borehole has design considerations similar to those described
earlier for the horizontal shield plug coring system.

Horizontal Liner Cutting System

The horizontal liner cutting system would be used to cut the borehole
liner from the side using an auxiliary borehole, followed by subsequent
removal of a bound waste container using the horizontal coring system. The
liner cutting system would be carried to the auxiliary borehole inside a
shielded cask by a transporter. A liner cutter extension mechanism would be
used to insert the cutting disk into the auxiliary borehole and retract it
back into the cask when the cutting operation is complete.

The liner cutting disk must cut primarily the steel liner, but it must
also be capable of cutting a portion of the rock surrounding the liner. The
disk might employ diamond or carbide cutters and must be designed for a
high-temperature environment. Air cooling of the cutters may be necessary,
but because of the small volume of material removed during the cutting
operation, no chip removal system would be needed. In general, the diameter
of the cutting disk must be slightly greater than twice that of the borehole
liner.

The liner cutter extension system has design considerations similar to
those described earlier for the dolly uncoupling system. In general,
however, the liner cutter extension system must employ coupled tubes that
are stiffer and stronger than those of the dolly uncoupling system.

3.1.6.2 Feasibility Assessment

The feasibility of the presented systems is uncertain due to the
complexity of the required equipment. Individual components of the systems,
however, are judged to be feasible, based on existing technology.
Considerations related to this assessment include:

o Reaming bits currently in existence are routinely used to enlarge
boreholes in the petroleum drilling industry. Drill bits have been used
under high-temperature conditions for many years in the geothermal drilling
industry.

o Coring systems are also widely used by the petroleum and scientific
drilling industries, although the core diameters are generally much smaller
than those required here. The feasibility of the required coring systems
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for waste retrieval, however, is strengthened by the complexity of some of
the existing systems, for example those used to retrieve cores by wireline
from boreholes drilled into the ocean floor several miles below the surface.

o Casing cutters and underreamers used in the petroleum drilling industry
lend credence to the proposed method for cutting the borehole liner.

o The required mucking system appears feasible, based on the success of
pneumatic transport of rock chips and the existence of high-efficiency
particulate air (HEPA) filters.

o High-temperature components are availble for some of±the equipment, and
insulation can be used where necessary to allow conventional components to
operate in the high-temperature borehole, as previously discussed.

o Automated drill rigs capable of pipe-handling and remote operation have
been built and tested with success in the petroleum drilling industry.

In summary, there is no indication in the present assessment that the
proposed special retrieval equipment is infeasible, although the presence of
radiation makes the development of equipment and procedures more uncertain.
Further work is required to develop the concepts more fully and to more
accurately determine the need for the equipment. The feasibility
considerations presented here also apply, in general, to the equipment
needed for off-normal retrieval from vertical boreholes.

3.2 Technical Feasibility

In this subsection, general horizontal emplacement/retrieval system
technical feasibility concerns are addressed. Technical feasibility has
been assessed by a combination of calculations, engineering analysis, and
comparison with existing working systems. Total rigor has not always been
possible to date, and additional analyses are planned in certain areas;
however, results to date build confidence in the technical feasibility of
horizontal emplacement.

3.2.1 Long-Term Access to the Emplacement Boreholes

The design of the underground openings that are used for access to the
emplaced waste is done using a combination of two approaches, namely, the
application of experience-based design methods and the application of
analytical techniques to. supplement and verify the results of the
experience-based methods.

The experienced-based methods are founded on a rock mass classification
system where the formation in which the opening is to be developed is
classified using numerous classification parameters. The net rock mass
classification for the rock is then compared with a library of experience
data to compare how openings have previously performed in rock of similar
classification. These methods have been successfully employed for many
years in the design of many underground openings. The shortcoming of these
methods is that they do not contain parameters which take into consideration
the temperature increase that is expected in the rock at a repository.
Certain adjustments to these methods to include the effects of temperature
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have been proposed but have not yet been verified. These techniques are
applicable to both drifts (large openings) and boreholes. When applied to
repository-sized openings in Yucca Mountain, both rock mass classification
systems used indicate that usable openings can be constructed using
relatively minimal ground support. The evaluations also indicate that
conditions similar to those anticipated at Yucca Mountain exist in the
Grouse Canyon tuff at G-Tunnel, where stable openings have been constructed
using only roof bolt and wire mesh support. These evaluations are detailed
in the following report:

SAND82-2034 Rock Mass Classification of Candidate Repository Units at
Yucca Mountain, Nye County, Nevada

Construction feasibility for the emplacement drifts is therefore
established.

Analytical approaches have been applied to predict the stresses and
displacements that will exist near drifts and boreholes for up to 100 years
after waste emplacement. Numerous stability analyses are synopsized in the
SCP-CDR, based upon at least 21 supporting NNWSI references and appendices
in the CDR report. Perhaps the most directly applicable reference is:

SAND86-7005 Reference Analyses of the Design of Drifts for Vertical and
Horizontal Emplacement of Nuclear Waste in a Repository in Tuff
(in review).

The above report documents stress analyses of drift stability for both
horizontal and vertical emplacment, with and without continuous drift
ventilation, for up to 100 years after waste emplacement. Higher stresses
occur for the unventilated cases. With horizontal emplacement the highest
stresses are noted in the drift crown; these stresses range from 31 MPa
(ventilated) to 36 MPa (unventilated). These values are well below the
average laboratory value of compressive strength of 150.8 MPa. Even if a
50% reduction factor is applied to the laboratory value of strength to
account for rock mass effects (scale, fractures, etc.), the minimum safety
factor at any point is still 2.1. Based upon these (and other supporting)
calculations, it appears feasible to expect that stable openings in the
Topapah Springs tuff can be developed which can withstand the excavation and
thermally-induced loads for the preclosure operating life.

Drift useability will also be assured by conducting a rigorous program
of drift maintenance. Periodic inspection of drifts will be performed to
identify any stability problems, and prompt corrective action will be taken,
such as addition of roof bolts or the use of structural roof supports if
necessary. Monitoring of selected drift sections will be done to provide
data on rock movement, air quality, and drift temperatures. Documentation
of geotechnical data obtained during mining, borehole drilling, and
emplacement will be conducted to provide information which may be needed to
ensure drift stability. Review of this documentation will also be necessary
for pre-retrieval assessment of repository stability and development of a
retrieval plan, should retrieval be mandated.
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3.2.2 Long-Term Stability of the Emplacement Boreholes

One key to maintaining the retrieval option is to assure that the
emplacement boreholes remain open. Drawing upon the experience gained in
the petroleum and geothermal drilling industries, a viable way to keep the
boreholes open is with the use of steel liner. This approach has been
adopted for the horizontal emplacement envelope.

The liner will be used solely for maintainence of the retrieval option
and is not being relied upon to serve any waste isolation function. Design
considerations for the liner include stresses caused by rock loading due to
localized sloughing of rocks in the top and possibly sides of the
emplacement boreholes, thermal effects, the potential for degradation by
corrosion, and compatibility with other materials in the emplacement
envelope.

Upon completion of the drilling process and removal of the inhole
drill, liner stresses should decrease significantly because of the fact that
the drilled borehole is larger than the outside diameter of the liner.
Residual compressive stresses will remain because of friction against the
borehole wall, but these stresses are not expected to be significant. Rock
fall may impose concentrated and distributed loads over portions of the
liner; however, preliminary analysis indicates that liner stresses in a 0.5
inch-thick liner should not exceed 2500 psi in such cases, well below the
failure stress of steel. Stresses caused by the weight of the waste
packages and the liner itself are of the same order of magnitude.

Thermal stresses in the liner are a potential concern, but preliminary
analysis indicates that these stresses will not be excessive if the liner
and borehole are properly designed. Because of the significant thermal
output of spent fuel, temperatures in the emplacement boreholes will reach
elevated levels. The predicted borehole wall temperatures without lining
are shown in Figure 33. (The thermal conductivity of steel is much greater
than that of tuff, so the presence of a liner should not significantly
affect the predicted temperatures.) With a maximum temperature of 215 C, a
350 ft-long liner will expand longitudinally approximately 0.8 foot if
unconstrained. If completely constrained, longitudinal stresses in the
liner would exceed 60 kpsi, which could be above the strength of the liner
material used. Factors that could cause partial or complete restraint of
the liner include excessive friction against the borehole wall due to a
crooked borehole and drag at the welded joint between liner sections due to
misalignment during the joining process. As a result, design criteria will
be established to guarantee that the borehole is sufficiently straight and
that liner sections are accurately aligned before welding.

Other provisions will also be made in the emplacement envelope design
to permit the liner to expand longitudinally. These provisions include a
gap between the inhole end of the liner and the end of the borehole, a slip-
Joint at the entrance of the liner, and the use of no grout or cements to
fix the liner to the borehole wall. (The slip-joint feature is illustrated
in Figure 32.) Similar provisions for thermal expansion are used with
success in geothermal wells, where several thousand feet of production
tubing are sometimes fixed only at the bottom of the well and allowed to
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expand vertically without buckling in similar thermal environments. Only
one cycle of liner expansion will occur; therefore, there is no potential
for fatigue due to expansion/contraction cycling.

Preliminary analysis indicates that unconfined radial expansion of the
liner due to thermal effects should be insignificant, with less than 0.1
inch increase in liner diameter. To help prevent excessive stresses as a
result of this expansion and to permit easier liner installation, the
borehole drilling system is designed to drill a borehole 37 inches in
diameter, with a liner outside diameter of only 36 inches. Unless the
borehole is significantly crooked, there should be no significant radial
stresses due to thermal expansion. Analyses are continuing, however, in
order to more fully assess the potential for localized radial buckling under
such conditions and to establish criteria for borehole straightness.

No significant liquid water is anticipated to contact the waste
packages or liner at the Yucca Mountain site. As seen in Figure 33, the
borehole wall temperature is above the boiling point of water for a period
of time much greater than the retrievability period, a maximum of 84 years
after emplacement. As a result, corrosion of the liner is not expected to
be significant during the retrievability period. Initial investigations
indicate that surface corrosion rates should be less than 0.002 inch/year
for mild steel, and stresses on such a corroded liner should still remain
below the yield stress of the liner material. As described in Section 4,
however, this issue will be studied further. The use of sacrificial
materials or corrosion-resistant liner materials is a design option if
further study shows corrosion to be a problem.

A potential exists for water condensate to form in the borehole entry
region because of the lower temperatures that would result in that region.
This potential problem will be studied to determine possible implications
and solutions.

In view of the preliminary results cited, employment of a liner appears
to be a feasible approach to maintaining borehole stability and ensuring a
favorable borehole condition for retrieval. Further work will be done,
however, to verify and document these results.

3.2.3 Emplacement Dynamics

Emplacement of waste packages in the horizontal configuration according
to current concepts requires transmittal of compressive loading along a
train of coupled or uncoupled dollies. At issue is the dynamic behavior of
the train under these conditions. The potential for corkscrewing of the
dolly train exists and may require the use of a rail or channel in the liner
to guide the train or modification of the dolly design to place the waste
package center of gravity below the centerline of the borehole.

A potential also exists for misalignment of the dollies and buckling of
the dolly train; however, preliminary assessment indicates that these should
not be problems because the diametral clearance between the waste package
and the liner is much smaller than the diameter of the waste package. There
is thus not much room for lateral displacement that would result in
significant misalignment. Furthermore, the weight of the waste package and
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the circular borehole geometry should produce forces during emplacement that
result in self-alignment of adjacent packages and reduce the potential for
eccentric loading. Finally, rolling resistance of the wheeled dollies
during emplacement will be small compared with the weight of the package,
thereby reducing compressive loads on the cart train that could lead to
buckling. Further work is necessary to determine the accuracy of this
assessment.

3.2.4 Synergistic Effects

The ability to emplace and retrieve waste from a horizontal borehole is
dependent upon the borehole liner. As noted in Subsection 3.2.2,
anticipated conditions should not pose liner failure concerns if the liner
and borehole are properly designed. In the present subsection, synergistic
effects on the liner caused by combinations of conditions are addressed.

Partially Filled Emplacement Borehole

The emplacement borehole is normally only partially filled with
radioactive waste since a portion of the borehole is left vacant to provide
a standoff distance between the last container emplaced and the emplacement
drift. If the number of waste containers in the borehole is less than the
design capacity, the performance of the borehole liner will not be adversely
affected. This conclusion is based on the following comparisons between a
borehole that is loaded to the design capacity and one that is not filled to
capacity: (1) the total liner expansion will be less for a partially filled
borehole, and thus the thermal expansion-induced stress in the liner will be
lower; (2) the thermal stress in the rock surrounding the borehole adjacent
to emplaced waste containers will be essentially the same in both cases; and
(3) partial filling does not alter the symmetry of the loads applied to the
liner and therefore does not increase the potential for liner buckling.

Partially Filled Emplacement Borehole. Elevated Temperatures. High
Radiation. and Earthquake- or UNE-Induced Ground Motion

The only difference in this combination of circumstances from the above
is the introduction of ground motion. No damage to the emplacement borehole
or the borehole liner is expected (assuming no fault motion within the
borehole) because the wavelength for ground motion is very large compared to
the cross-sectional dimension of the borehole. The seismic effect on the
liner will be a transient, wholebody acceleration and displacement but no
shearing or offset. This conclusion is substantiated by numerous examples
of subsurface structures that have survived earthquakes without damage. The
California Aqueduct is one of many examples of underground structures that
have withstood-an earthquake. This strucure was located near the epicenter
of the 1971 San Francisco earthquake and suffered no structural damage as a
result of the earthquake. A Lawrence Livermore Laboratory report, 'Effects
of Earthquakes on Underground Facilities: Literature Review and Discussion"
(D.W. Carpenter and D.H. Chung, 1985), summarizes the historical performance
of underground facilities subjected to seismic loading. In general, this
report concludes that openings in. competent rock much larger than the
horizontal emplacement boreholes survive earthquakes with minimal damage.
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Earthquake Occurring During Emplacement Oferations

This combination of events may impose significant loads on the
interface between the transporter cask and the emplacement borehole. This
loading will be independent of other factors such as borehole filling,
radiation, and temperature. To accomodate the load, it will be necessary to
design the interface with strength sufficient to withstand the imposed
loads. It will also be necessary to design the transporter with reaction
supports adequate to ensure that the waste transporter moves in harmony with
the ground motion. In addition, the E/R system will be designed so that any
adverse effects resulting from ground movement during emplacement or
retrieval can be rapidly mitigated.

Water Intrusion into a Filled Borehole

It is currently planned that waste will not be emplaced in boreholes
where water inflow is detected. Water inflow after emplacement could
possibly occur, however, if a perched reservoir is replenished by
precipitation and subsequently recreates a dripping fracture that intersects
the emplacement borehole. If such a combination of circumstances occurs, it
will present no significant hazard during retrieval because the water will
be vaporized as it encounters the boiling temperature isotherm around the
borehole and will subsequently be driven into the rock or down the annulus
between the liner and the borehole wall until it cools and condenses. This
does not alter the design basis for the liner environment because the design
basis already includes the presence of water vapor.

Conclusion

Two points should be made regarding this discussion. The first is that
this discussion is not intended to lend credibility to the synergistic
scenarios presented. The second point is that the synergistic effects are
not unique to horizontal emplacement; they are also present for vertical
emplacement and must be considered in design for either emplacement
configuration.

In summary, it is concluded that no significant adverse conditions will
develop with the horizontal emplacement configuration due to synergistic
effects.
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4.0 EMPLACE[ENT EQUIPMENT DEVELOPMENT PLANS

4.1 Schedule for Emplacement Orientation Decision

Prior to license application, a decision must be made to emplace waste
either vertically or horizontally. Figure 34 shows the schedule for that
decision in relation to activities planned in the equipment development
program. Prior to the decision, emphasis will be placed on designing and
evaluating the feasibility of horizontal emplacement equipment and retrieval
equipment for both horizontal and vertical configurations for off-normal
conditions. During this period, further work will not be done on vertical
emplacement equipment for the following reasons: (1) vertical emplacement
equipment has been developed before at the Project Salt Vault and Climax
facilities; (2) adequate time exists between the decision and license
application to develop vertical emplacement equipment for proof-of-principle
demonstrations if the vertical orientation is selected; and (3) feasible
concepts for vertical emplacement equipment have already been developed, as
discussed in the following reports:

SAND84-1010 Disposal of Canistered Waste in Vertical Boreholes--A
Description of the System, Equipment, and Procedure for
Emplacement and Retrieval (in review)

SAND84-2275 NNWSI Repository Worker Radiation Exposure for Vertical
Emplacement and Retrieval of Spent Fuel (in review)

In the case of horizontal emplacement, concepts have also been developed and
appear feasible, as described in Section 3; but certain key components are
sufficiently complex that feasibility must be demonstrated in a more
rigorous fashion prior to the emplacement orientation decision. Similarly,
off-normal retrieval equipment for either configuration has not been
designed or demonstrated; therefore more work on the off-normal retrieval
concepts presented in this report is warranted prior to the emplacement
orientation decision.

The orientation decision will be based on comparison of the
configurations on several issues:

- long-term waste isolation performance
- safety of operating personnel and the general public
- retrievability
- thermal and mechanical effects on the repository
- equipment feasibility
- cost

Since key components of the horizontal emplacement equipment and the
horizontal and vertical off-normal retrieval equipment require demonstration
to prove feasibility, the program outlined in the following section is
proposed for immediate start-up.
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4.2 Planned Activities in the Equipment Program Prior to Orientation
Decision

The proposed development program for the horizontal emplacement
equipment and horizontal and vertical off-normal retrieval equipment
considers the equipment to consist of five relatively distinct systems:
horizontal boring and lining machine; emplacement envelope; waste
transporter; emplacement/retrieval system for normal conditions; and special
retrieval systems for off-normal conditions. The following subsections
describe the work proposed for each system prior to the orientation
decision.

4.2.1 Development of Emplacement Borehole Drilling and Lining System

In order for the horizontal emplacement orientation to be judged
feasible, the feasibility of drilling and lining long, horizontal boreholes
must be proven. For this purpose, the boring machine described in Section
3.1.2 will be fabricated and tested. Planned activities prior to the
emplacement orientation decision include:

DPBM fabrication - The development prototype boring machine (DPBM)
designed by The Robbins Co. under contract to Sandia will be fabricated.
Contract negotiations are complete, and start-up is awaiting approval to
proceed. Plans call for fabrication to be complete by late-1987.

DPBM acceptance tests - Tests will be conducted with the DPBM in a rock
quarry upon completion of the fabrication phase. The purpose of these tests
is to assess the ability of the system to drill and line a horizontal
borehole in hard rock. Steering, rock-chip removal, reinstallation, and
other system functions will be tested, and any required design modifications
will be identified and completed.

G-Tunnel Tests - Performance tests of the DPBM will be conducted in the
G-Tunnel test facility at the Nevada Test Site in mid-1988. General system
performance, drilling rate, and the ability to drill and line straight
boreholes will be assessed. The results will be used to determine the
feasibility of achieving an adequate borehole production rate at the quality
level required in the repository. If the horizontal configuration is
selected, further tests will be conducted in the Exploratory Shaft Facility
in order to provide site-specific data needed to optimize the drill and
estimate borehole production rates for the repository.

4.2.2 Design of Waste Emplacement Envelope

Emplacement envelope hardware consists of the borehole liner, shielding
closure, shield plug, and permanent emplacement borehole cover. The key
items under this activity that must be resolved prior to the orientation
decision are horizontal borehole stability and liner survivability. Tasks
planned under this activity include:

Liner stress analysis - Detailed analysis of horizontal liner stresses
caused by thermal expansion and possible rock-fall will be conducted and
documented. The results will be used to determine the potential for liner
collapse and to recommend a liner wall thickness.
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Corrosion studies - Studies will be performed to determine the
corrosion environment of the horizontal liner (thermal, chemical, etc.), to
establish the operative corrosion mechanism(s), and to determine probable
corrosion rates. The results will be used to assess liner survivability
over the retrieval period to determine the possible need for sacrificial
materials or a corrosion resistant liner. The potential for water
condensation in the borehole entry region will be determined, and possible
corrosive effects will be assessed.

Waste emplacement envelope design - The borehole entry liner, liner
slip-joint, and closure hardware will be designed in order to provide data
necessary for designing the E/R mechanism (Section 4.2.4). Shielding
analysis will be be performed, based on source-term calculations for the
waste containers, in order to identify criteria for closure hardware
shielding design.

4.2.3 Design of Underground Transport Equipment

As noted in Section 3.1.4, emplacement orientation is unlikely to
significantly affect transporter vehicle design. Certain functions required
of the transporter, however, are significantly different between the two
orientation options. As a result, tasks under this activity prior to the
emplacement decision will concentrate on designing key components of the
transport equipment in order to identify potential obstacles to development
and to provide design data needed in other areas of repository design.

Vehicle design - Vehicle configuration affects underground drift design
because of vehicle height, width, and turning radius requirements. These
parameters depend on loads and, possibly, emplacement orientation. Studies
will, therefore, be conducted to establish vehicle design requirements prior
to the orientation decision and to identify possible commercial equipment
that could be adapted to fit these requirements.

Turntable design - The ability of the turntable to rotate and position
the cask is important because it affects drift width requirements. By
carrying the cask parallel to the drifts, drift width can be minimized. The
only alternative to rotating the cask for emplacement is turning the entire
vehicle 90 , thereby requiring wider drifts and a more maneuverable vehicle.
Under this task, the turntable will be designed in order to identify general
criteria such as weight and dimensions and to identify any potential
obstacles to development.

Cask design - The design load of the turntable is a function of the
cask weight, which in turn is a function of shielding requirements.
Shielding evaluations based on source-term calculations for the waste
containers will be performed in order to determine general design criteria
such as cask shielding materials and weight.

Emplacement control design - Concepts for emplacement control equipment
will be developed prior to the orientation decision in order to prove
feasibility and identify possible impacts on E/R mechanism design. Design
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criteria for required instrumentation, monitors, and control devices will be
established.

4.2.4 Development of E/R System for Normal Conditions

The feasibility of proposed concepts for routine horizontal emplacement
and retrieval should be proven prior to the emplacement orientation
decision. The following tasks are judged necessary to accomplish this goal:

Emplacement dynamics studies - Further consideration of emplacement
dynamics is necessary to ensure that problems such as misalignment,
corkscrewing, and buckling of the dolly train will not occur. Analyses will
be conducted to determine parameters related to dynamic stability. The
results will be used to assess the potential for train instability and to
determine the possible need for guiding hardware in the borehole liner.

E/R system design and testing - Alternative concepts for the E/R system
will be studied in detail to determine preferred alternatives. These will
be designed and tested, as judged necessary, to prove feasibility prior to
to the emplacement orientation decision.

Dolly desin - General design criteria for the waste package dollies
will be identified to provide information needed for E/R system design.
Preliminary cost estimates for the dollies will be made in order to provide
information needed in comparing vertical and horizontal emplacement costs.

4.2.5 Development of Special Retrieval System for Off-Normal Conditions

Prior to the orientation decision, the feasibility of development
equipment for horizontal and vertical off-normal retrieval conditions should
be assessed in more detail:

Advanced conceptual design - Although the design requirements for this
equipment depend on the results of scenario development for off-normal
conditions, it is presently assumed for the sake of conservatism that
horizontal and vertical off-normal retrieval systems like those described in
this report would be desirable. Concepts for these system will, therefore,
be developed further prior to the orientation decision in order to more
accurately determine feasibility. Other concepts will be developed as
required to deal with specific retrieval scenarios that are identified.

Key component testing - If further evaluation identifies any off-normal
retrieval conditions that have a significant probability of occurrence, key
components of the required retrieval equipment will be designed and tested,
as needed, to prove feasibility.

4.2.6 Horizontal Equipment Development Tasks Deferred Until After
Orientation Decision

Several development tasks specifically related to horizontal
emplacement equipment will be deferred until after the orientation decision
is made. These include:
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- Exploratory Shaft Facility testing of DPBM
- turntable performance and reliability testing
- optimization of dolly design to minimize production costs
- studies to determine need, impact, and materials to be used in horizontal

borehole grouts near the borehole entry

4.3 Planned Activites in Equipment Program After Orientation Decision

After selection of the emplacement orientation, development prototype
equipment for the selected orientation will be developed and tested. This
equipment will be designed based on results from key component testing
described above and will be fabricated for the purpose of demonstrating
proof-of-principle. Figure 34 illustrates the approach to be used in this
phase of the program. In general, the development prototype hardware for
each system will consist only of those components necessary to demonstrate
proof-of-principle for the systems. Testing will be. conducted under
conditions that simulate pertinent emplacement and retrieval conditions. A
surface test facility is under consideration for this purpose. Since
program direction is currently uncertain, further planning for development
prototype equipment fabrication and testing is deferred until the
orientation decision is made. The results of the demonstrations will be
used as a basis for design and fabrication of prototype equipment for
repository operations and as a basis for feasibility considerations to be
included in licence application.
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5.0 SUMMARY

Concepts have been developed for emplacing high-level nuclear waste in
both vertical and horizontal orientations at the proposed Yucca Mountain
repository. Data have been presented which indicate that horizontal
emplacement has significant technical and cost advantages over vertical
emplacement and relatively few potential disadvantages. Cost savings of
over $1 billion are predicted for the horizontal orientation, primarily as a
result of lower mining volumes and associated costs.

Concepts for vertical and horizontal emplacement equipment appear to be
technically feasible, and no significant differences in repository
performance 'have been identified. Results have been discussed which
indicate that stable underground openings can be developed and maintained
with either 'emplacement orientation. Horizontal emplacement equipment
feasibility has been assessed by comparing the concepts with existing
equipment and operations used to perform similar functions in other
applications in the petroleum, scientific drilling, mining, nuclear, and
aerospace industries. None of the concepts that have been developed require
technology beyond current limits; thus equipment needed to perform the
required horizontal emplacement functions are judged feasible. Because the
horizontal emplacement equipment is more complex than that required for
vertical emplacement, however, further work prior to the emplacement
orientation decision is needed to prove the feasibility of horizontal
emplacement equipment.

The equipment development program outlined in this report is designed
to require a minimum expenditure of funds prior to the orientation decision.
This program, prior to the decision, focuses on development tasks deemed
necessary to demonstrate the feasibility of drilling and lining long
horizontal holes and the feasibility of emplacing and retrieving waste in
the horizontal orientation. Once the decision is made, a more extensive
development program will be required to demonstrate proof-of-principle,
regardless of the orientation selected.

Sufficient information does not currently exist for selecting an
emplacement option. Based on the potential advantages and the consistent
use of reasonably available technology, there is, however, sufficient
justification for the horizontal emplacement option to warrant further
investigation. It is, therefore, recommended that approval be given to
proceed immediately with the proposed program.
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