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1. PURPOSE

The purpose of this analysis is to develop a Subsurface Facility layout that is capable of
accommodating the statutory capacity of 70,000 metric tons of uranium (MTU), as well as an
option to expand the inventory capacity, if authorized, to 97,000 MTU. The layout configuration
also requires a degree of flexibility to accommodate potential changes in site conditions or
program requirements. The objective of this analysis is to provide a conceptual design of the
Subsurface Facility sufficient to support the development of the Subsurface Facility System
Description Document (CRWMS M&O 2000¢) and the Emplacement Drift System Description
Document (CRWMS M&O 2000i). As well, this analysis provides input to the Site
Recommendation Consideration Report.

The scope of this analysis includes:

o Evaluation of the existing facilities and their integration into the Subsurface Facility
design.

o Identification and incorporation of factors influencing Subsurface Facility design, such as
geological constraints, thermal loading, constructibility, subsurface ventilation, drainage
control, radiological considerations, and the Test and Evaluation Facilities.

e Development of a layout showing an available area in the primary area sufficient to
support both the waste inventories and individual layouts showing the emplacement area
required for 70,000 MTU and, if authorized, 97,000 MTU.

This analysis has been prepared in accordance with the Development Plan
(CRWMS M&O 1999a), which was prepared in accordance with AP-2.13Q, Technical Product
Development Planning.

Most of this analysis was supported by the VULCAN v3.4 software program, which was used
for developing the subsurface layouts. The VULCAN v3.4 software program is unqualified (see
Section 3) and, as such, the results extracted from VULCAN v3.4 are considered to-be-verified
(TBV) and tracked with TBV-4208.

2. QUALITY ASSURANCE

This analysis has been determined to be quality affecting (QA) in accordance with Civilian
Radioactive Waste Management System Management and Operating Contractor procedure QAP-
2-0, Conduct of Activities, because the information in this analysis affects the design of a
Quality-Listed item. The procedure QAP-2-0, Conduct of Activities has been superceded by
AP-2.16Q, Activity Evaluation. The activity evaluation preformed under QAP-2-0, Conduct of
Activities, is still considered valid. Therefore, this analysis is subject to the requirements of the
Quality Assurance Requirements and Description (QARD) document (DOE 2000). This
analysis was prepared in accordance with the procedure 4 nalyses and Models, AP-3.10Q and is
covered by the Subsurface Facility System WP# 12012124M5 Activity Evaluation
(CRWMS M&O 1999b).
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Systems, structures, and components (SSCs) discussed in this report have been evaluated in
accordance with QAP-2-3, Classification of Permanent Items. The classification analysis
relevant to this analysis is the Classification of the MGR Subsurface Facility System
(CRWMS M&0O 1999c).  The results of the QA classification (CRWMS M&O 1999c,
Section 7.1, Table 1) are provided in Table 1.

Table 1. Subsurface Facility System QA Classification

Subsurface Facility System QL-1 QL-2 QL-3
Access Mains
Emplacement Dirifts X

Mains and Raises

Miscellaneous Support Openings

Performance Confirmation Openings

Portals and Access Ramps

o]0
||| x(>| <8

Ventilation Shafts

Source: CRWMS M&O 1999¢, Table 1

The following classification categories are spéciﬁed by QAP-2-3, Classification of Permanent
Items, to meet the requirements of Section 2 of the QARD (DOE 2000) and have been defined in
the Classification of the MGR Subsurface Facility System (CRWMS M&O 1999c, p. 6) as
follows:

“Quality Level 1 (QL-1)-Those SSCs whose failure could directly result in a
condition adversel; affecting public safety. These items have a high safety or
waste isolation sigrificance.

Quality Level 2 (QL-2)-Those SSCs whose failure or malfunction could
indirectly result in a condition adversely affecting public safety, or whose direct
failure would result in consequences in excess of normal operational limits.
These items have a low safety or waste isolation significance.

Quality Level 3 (QL-3)-Those SSCs whose failure or malfunction would not
significantly impact public or worker safety, including those defense-in-depth
design features intended to keep doses as low as reasonably achievable. These
items have a minor impact on public and worker safety and waste isolation.

Conventional Quality (CQ)-Those SSCs not meeting any of the criteria for
Quality Levels 1, 2, or 3. Conventional quality items are not subject to the
requirements of the QARD.”

In order to ensure accuracy and completeness of the information generated by this analysis,
access to the information on the personal computer and UNIX workstation was controlled with
password protection. The personal computer files were stored on the network ‘H’ drive, which
was backed up daily by the Enterprise Server Team Department. The Unix workstation files
were stored on a locai hard disk, which was backed up daily on a DLT tape drive
(CRWMS M&O #116961), labeled and stored locally. The backups were stored for four weeks,
then recycled through the backup system. When the work was complete, the files were
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transferred to floppy disk, appropriately labeled, and verified by examining the file listing. The
floppy disk was hand carried to Engineering Document Control (EDC) for transfer to the
Records Processing Center. During the process of checking the document, accuracy and
completeness of the data placed in the Records Processing Center was verified against the
information contained in this analysis.

3. COMPUTER SOFTWARE AND MODEL USAGE

Much of the work detailed in this analysis involved the use of the VULCAN software product,
Version 3.4 (CRWMS M&O 1999h). This software is a geology and mine engineering computer
design system developed by Maptek. The VULCAN v3.4 software is installed on a Silicon
Graphics Octane workstation running the IRIX 6.5 operating system (CRWMS M&O #116980).

Based on a special dispensation granted by the U.S. Department of Energy (DOE) Project
Operations Review Board, some software that is required to support Site Recommendation (SR)
products may be used prior to full qualification. The requirements of this special use are detailed
in procedure AP-S1.1Q, Software Management, Section 5.11. Qualification of the VULCAN
v3.4 software product was in process at the start of this analysis, but because of the size and
complexity of the software system; the necessary qualification could not be completed in time.
Therefore, since this analysis will support the SR, the Interim Use of Unqualified Software to
Support SR Products, Section 5.11 of AP-SI.1Q, was used to control the use of the VULCAN
v3.4 software.

In accordance with AP-SI.1Q, Section 5.11, a Software Activity Plan, Document Number 10044-
SAP-3.4-00 was developed for the VULCAN v3.4 software. The VULCAN v3.4 software is
controlled by Software Configuration Management under Software Activity Number LV-1999-
001 (VULCAN V3.4) and Software Tracking Number 10044-3.4-00. The software was released
under a Software User Request and installed on the above-identified workstation. The VULCAN
v3.4 software (tracked with TBV-4647) and the technical products developed from it are
designated as TBV in accordance with procedure AP-3.15Q, Managing Technical Product
Inputs. ~

The VULCAN v3.4 software was selected to develop the repository plans within the geological
framework for SR as documented in the Software Activity Plan. After the VULCAN v3.4
software is qualified and baselined in accordance with procedure AP-SI.1Q, the computer runs
will be repeated and output compared with the runs developed with the unqualified software to
determine any impacts to this analysis and to remove the TBV status of the VULCAN v3.4
results. .

4. INPUTS

All technical product input and sources of the input used in the development of this analysis are
documented in this section. The qualification status of the input is indicated, as well as the
documentation for TBV or to-be-determined (TBD) data, in accordance with AP-3.15Q,
Managing Technical Product Inputs.
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4.1 DATA AND PARAMETERS

Parameters are scientific data, performance assessment data, or technical engineering
information that represent physical or chemical properties. A parameter consists of an assigned
variable name, and is generally represented by a value or range of values. The following
subsections will outline the parameters used in the preparation of this analysis.

4.1.1 Geologic Volume Available for Potential Repository Siting

The geologic volume available for potential repository siting at the Yucca Mountain location is
documented in the report Determination of Available Repository Siting Volume within the
Characterized Area for Site Recommendation (CRWMS M&O 2000c). The model of the
geology of Yucca Mountain, the VULCAN GFM 3.1 Representation (DTN:
MO0003MWDVUL03.002) was used as input into VULCAN v3.4 (see Section 3) and is tracked
with TBV-4187 since VULCAN v3.4 is an unqualified software program. This available volume
for repository siting will be discussed in Sections 6.1 and 6.2.2.

4.1.2 Surface-Based Boreholes

The surface-based boreholes, also referred to as point features, of the Yucca Mountain Project
are documented in the Technical Data Management System (DTN: MO0002COV00084.001).
These boreholes include holes that are considered qualified and some that are considered non-
qualified. All of the boreholes used are listed in Attachment III. The discussion of the
surface-based boreholes is located in Section 6.2.6 and Attachment III.

4.1.3 Waste Package Inventory

The “Approach to Implementing the Site Recommendation Design Baseline” (Stroupe 2000,
Attachment 1, p. 1) states that the SR design must accommodate the waste package (WP)
inventory for 70,000 MTU in accordance with the design input transmittal Waste Package and
DOE Canister Inventory (CRWMS M&O 2000a). The WP inventory, which includes the WP
quantities, heat outputs, and the outer length of the WP, for the Truncated Case herein referred to
as the 70,000 MTU (TBV-4183), is outlined in Table 2 (CRWMS M&O 2000a, Item 2, pp. 3
and 5). The WP inventory for the Full Inventory Case, if authorized, herein referred to as the
97,000 MTU (TBV-4186) is outlined in Table 3 (CRWMS M&O 2000a, Item 2, pp. 4 and 6).

The average heat outputs are discussed as part of the thermal design and operational interface in
Section 6.2.3.2 and 6.2.3.3. The WPs and their lengths, as part of the emplacement capacity,
will be discussed in Sections 6.3.1, 6.4, and 6.4.1.

4.1.4 Commercial Spent Nuclear Fuel for the 97,000 MTU Case, If Authorized

. The 97,000 MTU case, if authorized, includes approximately 83,800 MTU (83,791.49 MTU) of

Commercial Spent Nuclear Fuel (CSNF) (CRWMS M&O 2000d, p.27). This input is used in
" Section 6.4.1.
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Table 2. Waste Package Inventory for the 70,000 MTU Case

Average Heat
Number of WPs by Output/Package WP Outer Length
WP Description WP Type (kW) {m)
21 PWR® Absorber Plates 4,299 © 11.330 5.06
Control Rods 95 3.260 5.06
12 PWR ’L‘g:;’be' Plates 163 8.970 5.54
44 BWR" Absorber Plates 2,831 7.000 5.06
24 BWR Absorber Plates 84 0.540 5.00
5 IPWF~ 95 2.450 3.48
5 DHLW® Short/1 DOE SNF® Short 1,052 2.575 3.48
5 DHLW Long/1 DOE SNF Long 1,406 2.575 5.11
2 MCO'/2 DHLW Short 149 1.230 5.11
5 HLW? Long/1 DSNF" Short 126 2.575 5.11
HLW Long Only 584 2.450 5.11
Naval Short 200 3.100 5.32
Long 100 3.100 5.96
TOTAL 11,184
Source: CRWMS M&0O 2000a, tem 2, pp. 3 and 5
® Pressurized Water Reactor (PWR) ® Spent Nuclear Fuel (SNF)
® Boiling Water Reactor (BWR) ! Multi-Canister Overpacks (MCO)
¢ Immobilized Piutonium Waste Form (IPWF) 9 High-level Waste (HLW)
¢ Defense High-level Waste (DHLW) P Defense SNF (DSNF)
Table 3. Waste Package Inventory for the 97,000 MTU Case, If Authorized
Average Heat
Number of WPs by Output/Package WP Quter Length
WP Description WP Type v (kW) {m)
21 PWR Absorber Plates 5,690 11.330 5.06
Control Rods 106 3.260 5.06
12 PWR fgsgme’ Plates 293 8.970 5.54
44 BWR Absorber Plates 3,732 7.000 . 5.06
24 BWR Absorber Plates 98 0.540 5.00
5 IPWF 127 2.450 3.48
5 DHLW Short/1 DOE SNF Short 1,403 2,575 3.48
5 DHLW Long/1 DOE SNF Long - 1,874 2.575 5.11
2 MCO/2 DHLW Short 199 1.230 - 5.11
5 HLW Long/1 DSNF Short 167 2.575 5.11
HLW Long Only 780 2.450 5.11
Naval : Short 200 3.100 5.32
Long 100 3.100 5.96
TOTAL - 14,769

Source: CRWMS M&O 20003, item 2, pp. 4 and 6
4.1.5 Existing Facilities

The Exploratory Studies Facility (ESF) and the East-West Cross Drift, also known as the
Enhanced Characterization of the Repository Block (ECRB), will be incorporated into the
Subsurface Facility repository layout. The following subsections outline the defining parameters
of the ESF and East-West Cross Drift that are used in this analysis.
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4.1.5.1 Exploratory Studies Facility

The existing ESF opening will be incorporated into the potential Subsurface Facility repository
layout. The design and arrangement of the ESF, including gradients, coordinates, elevations, and
azimuths, are illustrated in Figure 1 (CRWMS M&O 1996, p. 27). These parameters are used in
Sections 5.2.7.2, 6, and 6.2.1.1. )

4.1.5.2 East-West Cross Drift

The existing East-West Cross Drift, herein referred to as the ECRB, is incorporated into the
Subsurface Facility repository layout. The design and arrangement of the ECRB is illustrated in
Figure 2 (CRWMS M&O 1998a, Figure 1, and Attachment I) for reference only. The ECRB
design as described below was outlined in the East-West Cross Drift and Starter Tunnel Layout
Analysis (CRWMS M&O 1998a, pp. 12 and 14) and is used as input to the layout.

The grade of the excavated invert for the starter tunnel is +0.5 percent. The starter tunnel departs
from the North Ramp at a 45-degree angle, which is an azimuth of 253.9747 degrees and terminates
at Station (STA) 00+26.400 meters. The elevation at the breakout from the North Ramp was
calculated at 1,083.423 meters and the elevation of the start of the bored tunnel at launch at
1,083.842 meters. The starter tunnel is initially mined up to approximately STA 00+14.200 meters.
A 305-millimeter offset exists between the starter tunnel’s excavated invert and the bored invert.
The ECRB drift is a 5.0-meter diameter bored tunnel that starts at the end of the starter tunnel
STA 00+26.400 meters and proceeds along an azimuth of 253.9747 degrees to the beginning of the
first horizontal circular curve at STA 1+82.454 meters. The tunnel continues along the horizontal
curve to the end of the curve at STA 3+15.401 meters. The tunnel proceeds along an azimuth of
229.0000 degrees to STA 3+25.401 meters at which point VPI #1 (vertical point of intersection) was
located. The drift then continues at a +1.86 percent slope along 229.0000 degrees azimuth to the
location of VPI #2 at STA 7+72.661 meters. VPI#2 is located at the plan view intersection of the
ECRB and the East Main drift centerlines. VPI#2 is located at an elevation of 1,093.592 meters.
From this point, the drift slopes at a +1.48 percent and continues along the 229.0000 degrees azimuth
to the location of VPI#3 at STA 16+02.05 meters. VPI#3 is located at an elevation of
1,105.931 meters. The drift continues, from this point, at a slope of +0.886 percent and
229.0000 degrees azimuth to the beginning of the second horizontal curve at STA 23+20.763 meters.
The drift continues along the curve at +0.886 percent slope to VPI#4 located at
STA 24+67.146 meters. VPI #4 elevation is 1,113.597 meters. The drift then continues from this
point at a slope of -3.0percent to the end of the horizontal curve #2 located at
STA 26+40.158 meters. From the end of curve #2, the drift continues at a 3.0 percent slope along a
289.0000 degrees azimuth to the terminal end of the drift located at STA 28+23.066 meters. The
invert elevation at the terminal point is 1,102.919 meters. These parameters are used in
Section 6.2.1.3.

ANL-SFS-MG-000001 REV 00 Page 19 of 120 June 2000



00 ATY 100000-ON-S4S-INV

0Z1 30 07 ?28eg

000Z sunf

NOTES:

) g ]
—_ e a— 8 it 1 DIMENSIONS. COORDINATES. ELEVATIONS. AND
= B STATIONING ARE SHOWN IN METERS.
> z 2. NORTHING AND EASTING METRIC VALUES OF COORDINATES
£ 174 000 D GRID ARE CONVERTED FROM THE NEVADA STATE
5 PLANE CDORDINATE SYSTEM,
RTA
< L S°§§§z$g o5 3. ELEVATIONS REFER T0 THE DESIGNED EXCAVATED INVERT
E 173673.7¢8 ND FILL. LINING OR CONC VP1_ELEVATIONS
REFER 10 THE POINT OF CINTERSEETION oF I THE
TANGENTS OF A VERTICAL CURVE.
H_R
OFFSET _POINT " 524
N 233 331,870 &g
E 173 584.197 \/\% 115300
-5,
\ & 1204 %0 SOUTH PDRTAL
Sra R0, N 230 614.635
27 1 605 4p, E 172 900.776
Sr { Ve, s, :
4 1y Qe \ STA 7847
£ 173 000 be; & 'a,‘.’-;o "-s,aoq N /_ EL 1160 080T
1380, 0.3 $2:00%
,')6‘3 ??ﬂt‘; " Stop
(O & g STA 1o+42 037
° g ® VPl EL 1160.768
8 [=] w d
o~ P b
n ~N
234 338.604 z = 5
£ 171 766.109 3
81 fE
£ 172 000 ? g
22 Poaoaea: b
Tm 315.836746 N 230 §39.913
PT (HORIZONTAL CLRVE) L= 489.739388 .
3 R O "IN
TN E 171 313,778 N 230 260.889 N — STA_64+25.206
| | A2=183. 000000° '
| TS MAIN DRIFT

£ 171 000

STA 28+04.323

VPI EL 1065.000

\

Figure 1.

Exploratory Studies Facility

CONTROL POINT ~1.3500% | +2.6189% -1
N 232 691.350 SLOPE N 230 645.485
E 171 240.536 m|© sLoee E 171 133.3717
~N - ~
ek ¢
(23
9|2 w
o|- Y
PLAN CADF ILEtmg0A13. 19 =l <
"] [ 3
SCALE: NONE ¢ »




00 AFY 100000-DN-S4S-INV

0T1 3o |Z 2%y

000C sunf

NORTH RAMP

NORTH RAMP
STA 19492
(ECRB STA 00+00)

BC STA 01+482.454

EAST MAIN DRIFT

EC STA 03+15.401

THERMAL TESTING
FACILITY

E 171 000

SOLITARIO CANYON
FAULT SPLAYS

SOLITARIO CANYON FAULT

PLAN Cod File asmgOd41%.410 N 232816.548
SCALE: NONE E 169659.599

N 233 000

S S SO . Qi sy A

1.

2.

NOTES:

DIMENSIONS. COORDINATES. ELEVATIONS. AND
STATIONING ARE SHOWN IN METERS.

NORTHING_AND EASTING METRIC VALUES OF
COORDINATES AND GRID ARE CONVERTED FROM
THE NEVADA STATE PLANE COORDINATE SYSTEM.

ELEVATIONS REFER TO THE DESIGNED EXCAVATED
INVERT WITH NO FILL. LINING. AND CONCRETE.
VPl ELEVATIONS REFER TO THE POINT OF
INTERSECTION OF THE TANGENTS OF A

VERTICAL CURVE.

Figure 2. Enhanced Characterization of the Repository Block




4.1.6 Thermal Interface Inputs

A number of inputs for analyzing the interface between the Subsurface Facility and the overall
subsurface thermal-loading concept are required. These inputs are documented in the following
sections.
4.1.6.1 Ventilation Model Results

The Thermal Design and Operational Interface, Section 6.1.4, used output from the Ventilation
Model (CRWMS M&O 20001). The decay of the linear heat load is shown in Table 4 and the
heat removed per drift segment and time period is shown in Table 5. This information was used

to calculate the heat removal rate from the emplacement drifts after 30 and 50 years of
continuous ventilation in Section 6.2.3.4.

Table 4. Decay of the Linear Heat Load

Time Percentage Decay of All CSNF All WP Linear Heat Load

(years) WP(%) (kW/m)

0.01 100.00 1.5473

1 96.99 1.5008

5 87.93 1.3605

10 79.35 1.2278

15 72.23 1.1177

20 66.23 1.0248

26 59.89 0.9266

30 56.11 0.8682

40 48.24 0.7464

50 41.94 0.6490

Source: CRWMS M&O 2000l, p. -4
Table 5. Heat Removed per Time Period and Drift Segment
Time Step Heat Removal Rate {q-rm) in Individual Segment, kW
(year) 0-100m 100 - 200 m 200-300m 300-400m 400 — 500 m 500-600 m

0.0001 56.31 56.31 56.31 56.31 66.31 56.31
1 92.16 77.08 64.46 53.91 45.09 37.71
5 105.36 98.79 91.64 84.27 76.92 69.78
10 98.55 96.11 93.22 89.85 86.07 82.00
15 90.35 88.78 87.13 85.32 83.30 81.13
20 83.04 81.78 80.50 79.18 77.77 76.34
26 76.22 75.22 74.21 73.16 72.07 70.98
30 70.66 69.77 68.87 67.96 67.04 66.11
40 64.13 63.62 63.03 62.42 61.76 61.09
50 55.97 565.95 55.82 55.63 55.40 55.09
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4.1.6.2 ANSYS Thermal Calculation
The tabular summaries from ANSYS Thermal Calculations in Support of Waste, Quantity, Mix

and Throughput Study (CRWMS M&O 1999g) is a source of input for this analysis. The tables
listed in Table 6 have been used throughout Section 6.2.3.

Table 6. ANSYS Thermal Calculation Inputs

Input Source Section Used In
CRWMS M&O 1998g, Table 6-2, p. 38 Section 6.2.3.5
CRWMS M&O 1999g, Table 6-3, p. 39 Sections 6.2.3.6, and 6.2.3.10
CRWMS M&O 1999g, Tables 5-2 and 5-3, pp. 22 and 23 Section 6.2.3.10

4.1.6.3  Postclosure Peak Drift Wall Temperatures

For closure 30 years after emplacement of the last waste package, the postclosure peak drift wall
temperature is 192.51 degrees Celsius, occurring 17.02 years after closure (TBV-4708). This
information is documented in the input transmittal Postclosure Peak Drift Wall Temperatures
(CRWMS M&O 2000n, Item 1). This input provides updated ANSYS calculations to reflect
heat removal by the ventilation system directly from the drift wall and waste package.

4.1.6.4 NUFT Input for Quarter Pillar Temperature

Information generated using NUFT 3.0, as documented in the input transmittal Repository
Subsurface Design Manager’s Request for Thermal-Hydrology Simulations of Pillar Conditions
(CRWMS M&O 2000f) shows that the 1/4 pillar temperature remains below 96 degrees Celsius
for the 1.45 kW/m thermal load with 15 years of continuous ventilation. This information is
discussed in Section 6.2.3.7.

4.1.6.5 Thermal Ihduced Ground Movement

The Repository Ground Support Analysis for Viability Assessment study (CRWMS M&O 1998¢)
described the expected ground movement as a result of the 85 MTU/acre areal mass load for the
Viability Assessment repository design. In the Viability Assessment repository design, the
unsupported non-emplacement drift vertical deflection ranges from 3 mm to 10 mm and the
maximum horizontal deflection is approximately 15mm (CRWMS M&O 1998c,
Section 7.6.2.1.2, p. 74). This information is discussed in Section 6.2.3.12.

4.1.7 Ventilation Interface Inputs
A number of inputs for analyzing the interface between the Subsurface Facility and the

subsurface ventilation system are required. These inputs are documented in the following
sections.
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4.1.7.1 Effective Areas of Ventilation Airways
The effective areas i.e., the unobstructed cross-sectional area within an opening for the

ventilation airways are documented in Calculation of Effective Areas of Subsurface Openings
During Emplacement Mode (CRWMS M&O 19991, p. 50) as outlined in Table 7.

Table 7. Effective Areas of Ventilation Airways

Heading Type Effective Area (m?)
Access Mains (7.62-meter diameter) 36.17
Performance Confirmation Observation Drifts (Test and
Evaluation Facilities) and Cross-block Drifts {5.5-meter . 19.63
diameter)

Source: CRWMS M&O 19991, p. 50
This information is used in Attachment IV, Section IV.1.
4.1.7.2  Opening and Fixtures Geometry
The opening and fixtures geometry are documented in Calculation of Effective Areas of

Subsurface Openings During Emplacement Mode (CRWMS M&O 1999f) and are given in
Table 8.

Table 8. Opening and Fixture Geometry

Parameter Description and Value Reference Citation
invert Geometry The angle between the drift centerline and the outermost
part of the invert is 34.9 degrees, based on an inside- SRS M&D 1599f, pp. 27 and 30
opening radius of 3.51 meters. .
Track Gauge Standard 1.44m gauge track CRWMS M&O 1999f, p. 30
Area of 7.62 meter . . 2
lined opening The open area in a main is 38.7 m . CRWMS M&O 1999f, p. 27
Area of rails 0.0145 m* CRWMS M&O 1999f, p. 19
Area of light fixtures | 0.1 m® CRWMS M&O 1999, p. 19
Area of Utilities 0.474 m* CRWMS M&O 1999f, p. 28
Height of rail tie 0.1 meters CRWMS M&O 1999f, p. 20
Height of the invert 0.933 meters CRWMS M&O 1999, p. 30
Lining Thickness in | 0,300 meters thick CRWMS M&O 1999f, p. 30
invert area above the 2
| ground support 1.73m CRWMS M&O 1999f, p. 28

This information is used in Attachment IV, Sections IV.3 and IV.7.
4.1.7.3 Exhaust Air Temperature Profiles

Table 9 outlines the maximum exhaust air temperature profiles at the ventilation raise based on a
ventilation drift split of 600 meters.
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Table 9. Maximum Exhaust Air Temperature Profiles at Ventilation Raise

Average Air Temperature
Waste Package Heat Emplacement Drift at Ventilation Raise
Output (kW/m) Ventilation Airflow {m°) (degree Celsius) Reference Source
CRWMS M&O 1993g,
1.2 KWim 15 53.3 Table I-14, p. I-18
CRWMS M&O 1999g,
1.4 kWim 15 58.0 Table I1-8, p. 119
CRWMS M&O 1999g,
1.6 kWim 15 62.7 Table 111-8, p. ll-11
Note: The average air temperature at the ventilation raise has been rounded up from the source document.

This information is used in Attachment IV, Section IV.2.

4.1.7.4 Thermal Expansion

The volume of the ventilation air expands as it passes through the. emplacement drifts due to the
thermal output of the WPs. Charles’ Law for Thermal Expansion (Hartman et al. 1997, pp. 22
and 23) is used to calculate this effect.

yo_ 4L
VZ TZ
where V = volume of a gas,

T = absolute temperature in degrees Kelvin
(degrees Kelvin = degrees Celsius + 273.15)

This information is used in Attachment IV, Section I'V.2.
4.1.8 Exploratory Studies Facility Opening Size and Equipment Envelope

The ESF opemng was excavated with a tunnel boring machine (TBM) with a diameter of
7.62 meters in accordance with the Exploratory Studies Facility Design Requirement
(YMP 1996, p. 3-69). This information is used in Section 6.2.1.1.

4.2 CRITERIA

As described by Section 4.3.4, the requirements or constraints on this analysis will include those
outlined in the Monitored Geologic Repository Project . Description Document
(CRWMS M&O 2000j), herein referred to as the MGR PDD. The MGR PDD Section 5 is not
intended to be cited directly by design analyses, however, since the cited system description
documents have not yet been updated to reflect the revised criteria, an exception has been made..
The primary source of criteria for this analysis is the Subsurface Facility System Description
Document (CRWMS M&O 2000e), herein referred to as the Subsurface Facility SDD.
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Criteria from the Subsurface Ventilation System Description Document (CRWMS Mé&O 2000b),
herein referred to as the Subsurface Ventilation SDD, the Emplacement Drift System Description
Document (CRWMS M&O 2000i), herein referred to as the Emplacement Drift SDD, and the
Waste Emplacement/Retrieval System Description Document (CRWMS M&O 2000h), herein
-referred to as the Waste Emplacement/Retrieval SDD were also used as sources of design
criteria.

4.2.1 System Performance Criteria

The following subsections outline the system performance criteria used in this analysis for the
‘development of the subsurface layout.

4.2.1.1 Waste Inventory Requirement

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.1.1) states that the system
shall be capable of accommodating:

86,700 metric tons initial heavy metal (MTHM), i.e., MTU of commercial SNF;
2,502 MTU DOE SNF (which includes 65 MTHM naval SNF);

19,333 defense HLW canisters (which includes IPWF); and

302 commercial HLW canisters.

In addition, the MGR PDD (CRWMS M&O 2000j, Sections 5.1.4.1 and 5.1.4.2) states that the
Monitored Geologic Repository (MGR) shall:

accommodate up to 70,000 MTU or equivalent, including 63,000 MTU of CSNF,

e not preclude the capability (by adding additional components and features) of
accommodating up to 97,000 MTU or equivalent, and

e not preclude the capability of accommodating up to 115,000 MTU or equivalent to
show flexibility of the design.

The MGR PDD (CRWMS M&O 2000j, Sections 5.2.3 and 5.2.4) provides the WP inventories
that represent “not to exceed” values for each WP category. The note (CRWMS M&O 2000j,
Sections 5.2.3 and 5.2.4) for the WP inventories state: ‘

“This constraint applies to the capability of the subsurface emplacement, and is
not intended to conflict with, or violate, any other design.”

The WP inventory for the design basis, the 70,000 MTU case is shown in Table 10

(CRWMS M&O 2000j, Table 5-5) and the WP inventory for the maximum subsurface
emplacement, the 97,000 MTU case is shown in Table 11 (CRWMS M&O 2000j, Table 5-6).
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Table 10. Design Basis Waste Package Inventory -

Type of WP WP Length (m) | Average Heat Output/Package (kW) Quantity
21 PWR AP (Absorber Plates) 5.06 11.330 4,500
21 PWR CR (Control Rods) 5.06 3.260 100
12 PWR AP Long 5.54 8.970 170
44 BWR AP 5.06 7.000 3,000
24 BWR AP 5.00 0.540 90
5 IPWF 3.48 2.450 100
5 DHLW Short/1 DOE SNF Short 3.48 2.575 1,100
5 DHLW Long/1 DOE SNF Long 5.11 2.575 1,500
2 MCO/2 DHLW 5.11 1.230 160
5 HLW Long/1 DOE SNF Short 5.11 2.575 130
HLW Long Only 5.11 2.450 600
Naval Short 5.32 3.100 210
Naval Long 5.96 3.100 110
Table 11. Waste Package Inventory for Maximum Subsurface Emplacement
Type of WP WP Length (m) Average Heat Output/Package (kW) Quantity

21 PWR AP 5.06 11.330 5,700
21 PWR CR 5.06 3.260 110
12 PWR AP Long 5.54 8.970 300
44 BWR AP 5.06 7.000 3,750
24 BWR AP 5.00 0.540 100
5 IPWF 3.48 2.450 130
5 DHLW Short/1 DOE SNF Short 3.48 2.575 1,410
5 DHLW tong/1 DOE SNF Long 5.1 2.575 1,880
2 MCOQ/2 DHLW 5.1 $.230 200
5 HLW Long/1 DOE SNF Short 5.11 2.575 170
HLW Long Only 5.1 2.450 800
Naval Short 5.32 3.100 210
Naval Long 5.96 3.100 110

The WP inventory for SR is described in Section 4.1.3.

The repository reference capacity of 70,000 MTU will be discussed in Sections 6.3- and 6.3.1 and
the capacity of 97,000 MTU, should it be authorized, will be discussed in Sections 6.2, 6.4, and

64.1.
42.1.2 Waste Package Quantities and Lengths

‘The Subsurface Facility SDD (CRWMS M&O 2000, Section 1.2.1.2) states that the system
shall accommodate emplacement of the WPs listed in Table 12. ‘

Although these WP characteristics have been provided in the Subsurface Facility SDD, the WP
lengths and quantities for SR are documented as a parameter in Section 4.1.3.

The WP quantities and lengths are discussed in Section 6.3.1.
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Table 12. Proposed Waste Packages and Characteristics

Waste Package Type Number of Waste Packages Outer Length (m)
21 PWR 4,411 5.335
12 PWR _ 489 5.335
12 PWR ST 156 5.871
44 BWR 2,841 5.657
24 BWR 92 5.657
HLW/DSNF Co-Disposal 1,377 5.367
HLW Separate 0 3.790
DSNF Separate 694 4.985
Navy SNF 285 6.165
Immobilized Plutonium/HLW Co-Disposal 318 not specified

Source: CRWMS M&O 2000e, Section 1.21.2

4.2.1.3 Emplacement Drift Diameter

The Subsurface Facility SDD (CRWMS M&O 2000e, Sectioﬁ 1.2.1.3) and the MGR PDD
(CRWMS M&O 2000j, Section 5.2.5) states that the system shall size the emplacement drifts
with a nominal diameter of 5.5 meters.

The emplacement drift diameter will be discussed as part of the emplacement drift description in
Sections 6.2.1.2,6.2.3.7,6.3.2.2, and 6.4.2.2.

4.2.14 Waste Package Spacing

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.1.4) states that the system
shall allow for an average WP spacing. The waste package spacing is considered TBD and is
tracked with TBD-3791.

The MGR PDD (CRWMS M&O 2000j, Section 5.2.10) states that the emplacement drifts shall
be line loaded with WPs spaced with a nominal distance of 10 centimeters between the ends of
adjacent WPs. (In this context, the “ends” of the WPs include any skirts or other structures that
extend beyond the lid of the WP). The maximum linear heat load shall be 1.5 kW/m, averaged
over a fully loaded emplacement drift at the time of completion of loading an entire
emplacement drift.

The WP spacing will be addressed as part of the emplacement area definition in Sections 6.2.3.2,
6.3.1, and 6.4.1. The maximum linear heat load is addressed in Section 6.2.3.2.

4.2.1.5 Emplacement Drift Spacing
The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.1.5) and the MGR PDD
(CRWMS M&O 2000j, Section 5.2.1) states that the system shall space the emplacement drifts

81 meters center-to-center.

The emplacement drift spacing will be discussed in Sections 6.2.1.2,6.2.3.7,6.3.1, and 6.4.1.
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4.2.1.6 Limit Water Inflow in Ramps

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.1.6) states that the system
shall provide an upward grade of at least 1 percent for at least the first 10 meters of the entrance

ramps from the surface.

The limiting of water inflow in the ramps will be addressed in Section 6.2.5 as part of the overall
drainage scheme of the subsurface layout.

4.2.1.7 Orientation of Emplacement Drifts

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.1.7) states that the system
shall orient emplacement drifts at least 30 degrees from dominant joint orientations. '

The orientation of the emplacement drifts will be addressed as part of the emplacement drea
definition in Sections 6.2.1.2, and 6.2.2.2.

4.2.1.8 Test and Evaluation Program
The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.1.8) states that the system

shall provide drifts and alcoves for implementation of the Test and Evaluation Program. The
drifts and alcoves shall have the characteristics shown in Table 13.

Table 13. General Performance Characteristics—Test and Evaluation Facilities

Quantity Performance Monitoring:

Minimum of three (3) monitoring areas with one
observation drift (OD) and a minimum of six (6)
alcoves for each area.

Postclosure Simulation: .

One Engineered Barrier System interaction test area
and one Near Field Response test area, consisting
of two (2) simulated emplacement drifts, one (1) OD
and three (3) alcoves per area. Test areas may
share the same OD.

Specialized Test Areas:

Ten (10) seepage alcoves.

Two (2) seismic monitoring niches.

One (1) ramp-seal test alcove.

Two (2) shaft-seal test alcoves and one @)
connecting shaft.

Other Test Alcoves:

Not yet specified.

Size Based on equipment / instrument envelope and
ventilation duct requirements.
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Table 10. General Performance Characteristics—Test & Evaluation Facilities (Continued)

Grade Performance Monitoring:

Observation drifts are to be oriented parallel to
emplacement drift horizon within 1% grade of target
slope and sufficient to provide drainage. Alcoves
sloped to provide drainage to ODs.

Postclosure Simulation:

Observation drift(s) are to be oriented parallel to
simulated drifts within 1% grade of target slope and
sufficient to provide drainage. Alcoves sloped to
provide drainage to ODs.

Specialized Test Areas:

For seepage alcoves, grade sufficient to provide
drainage.

For seismic monitoring niches, grade sufficient to
provide drainage.

For ramp-seal test alcove, slope shall be
representative of access mains.

For shaft-seal test area, alcove shali slope sufficient
to provide drainage, and shaft shali be vertical.

Other Test Alcoves:

Sufficient to provide drainage.

Length Performance Monitoring:

Observation drifts for performance monitoring shall,
at a minimum, span the width of the emplacement
area where they are located. Alcoves shall be of
sufficient length to extend from the OD and provide
coverage of the area between adjacent
emplacement drifts, and two drift diameters on outer
sides of the emplacement drifts.

Postclosure Simulation:

Simulated Emplacement drifts shall be a minimum of
600m long to provide for 2 segment tests and buffer
areas. Observation drifts shall provide access for
monitoring along the entire length of the associated
drift.

Specialized Test Areas:

For seepage alcoves, alcoves shall be a minimum of
20m in length, and located outside the mechanical-
hydrological zone of influence of adjacent
excavations.

1 For seismic monitoring niches, niches shall be of
sufficient depth to accommodate driliing of
monitoring holes within niche without impact to traffic
in other tunnels and drifts, and sufficient to house
data acquisition system and associated electronics.

For ramp-seal test alcove, length shall be sufficient
to contain representative seal and sufficient
additional length to isolate seal test area from other
tunnels and drift, and house related instrumentation
and data acquisitior. systems.
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Table 10. General Performance Characteristics—Test & Evaluation Facilities (Continued)

Length (continued) Shaft-seal test alcove, test area shall be vertical and
access alcoves of sufficient length to isolate seal
test area from other tunnels and drifts and house
related instrumentation and data acquisition
systems.

Other Test Alcoves:

As required for testing.

Arrangement Performance Monitoring:

Observation drifts are to be located above or below
repository horizon so as to not significantly impact
the thermal-mechanical-hydrological response of the
emplacement drifts. Location above or below the
horizon shall be varied to provide both conditions
over the range of ODs.

Postclosure Simulation:

Simulated emplacement drifts shall be at grades
representative of emplacement drifts. Observation
drifts to be located below the simulated drifts so as
to not significantly impact the thermal-mechanicai-
hydrological response of the simulated drifts.

Specialized Test Areas:
Seepage alcoves shall be located along access
mains and performance monitoring ODs.

Seismic ma: :oring alcoves/niches shall be arranged
to be locatec off access mains at opposing ends of
the repositor configuration.

Ramp seal test area shall be arranged to be located
off the south access main.

Shaft seal test area shall be arranged to be located
off the south access main.

Other alcoves:

Alcoves shall be arranged as required.

Location Performance Monitoring:

One test area and associated OD shall be located
so to monitor first emplacement drifts containing
waste. Remaining ODs and test areas shall be
located to provide access to varying rock mass
conditions, including areas with differing rock
stratigraphy, fracture density, and expected
percolation rates. Observation drifts shail provide
fiexibility in locating specific test areas.

Postclosure Simulation:

Test areas shall be located in rock conditions
representative of the repository horizon. Test area
may be located in areas outside the siting area
designated as suitable for emplacement or as can
be accommodated within the siting area.
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Table 10. General Performance Characteristics-Test & Evaluation Facilities (Continued)

Location (continued) Specialized Test Areas:

" | Seepage alcoves shall be located to provide access
to varying rock mass conditions, including areas with
differing rock stratigraphy, fracture density, and
expected percolation rates.

Seismic monitoring alcoves/niches shall be located
in areas with different rock mass characteristics at
repository depth.

Ramp seals test shall be located in similar rock
mass conditions as repository ramps.

Shaft seal test shall to be located in similar rock
mass conditions as repository shafts.

Other alcoves:
Not yet specified.
Source: CRWMS M&O 2000e, Section 1.2.1.8

The Test and Evaluation Facility requirement will be discussed in Section 6.2.1.3.

4.2.2 Nuclear Safety Criteria
The MGR must comply with applicable provisions of the Code of Federal Regulations (CFR)
“Standards for Protection Against Radiation” (10 CFR 20) as outlined in Section 4.3.3. The

following nuclear safety criteria are specified in the Subsurface Facility SDD
(CRWMS M&O 2000e, Section 1.2.2.1, pp. 14 and 15).

4.2.2.1 Unrestricted Access Radiation Level Limit

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.2.1.1) states that the system
shall ensure subsurface areas requiring unrestricted access can be maintained at radiation levels
less than or equal to 2.5 mrem per hour.

Radiological safety will be discussed in Section 6.2.7.

4.2.2.2 Restricted Access Radiation Level Limit

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.2.1.2) states that the system
shall ensure subsurface areas requiring restricted access can be maintained at radiation levels less

than or equal to 100 mrem per hour.

Radiological safety will be discussed in Section 6.2.7.
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4.2.2.3 Locating Surface Openings

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.2.1.3) states that the system
shall locate the entrance of all surface openings to the Subsurface Facility outside of the probable
maximum flood areas as depicted in Technical Basis Report for Surface Characteristics,
Preclosure Hydrology, and Erosion (YMP 1995, Figure 2.6.2-1). The location of the surface
openings will be addressed as part of the ventilation design and operational interface in
Sections 6.2.4 and 6.2.5.

4.2.2.4 Minimum Geologic Standoffs to Repository Openings
The input transmittal for the Preliminary - Water Table Standoff Criterion
(CRWMS M&O 2000k, Section 1.2.2.1.4) states that the system shall accommodate the

minimum standoffs identified in Table 14. Repository openings that are placed within these
standoff distances shall be approved per site impact analysis.

Table 14. Repository Opening Standoffs

Geologic Areas Standoff Distance
Top of the present day water table 160 meters from the closest edge of the emplacement drifts
: (TBV-359)
Main trace of Type | fault zone . 60 meters from the closest edge of repository openings
(TBV-359)

Source: CRWMS M&O 2000k, Section 1.2.2.1.4

The geological standoff distances are addressed in Sections 6.2.2 and 6.2.2.1.
4.2.2.5 Geologic Standoff Distances for Waste Packages

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.2.1.5) states that the system
shall accommodate a 15 meter standoff between WPs and Type I faults and a 5-meter standoff
between WPs and splays associated with Type I faults. It is also noted that the standoff distances
used in the SDD are for establishing usable drift length only. These distances do not specify
final WP standoff distances.

The geological standoff distances from the WPs to Type I faults are addressed in Section 6.2.2.1.
4.2.2.6 Standoff Distance to Surface-Based Boreholes

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.2.1.6) states that the system
shall allow at least a 5-meter standoff from the edge of the WPs to the perpendicular projection
of the centerline of a surface-based borehole if the borehole intercepts the drift or comes within

5 meters of the edge of the drift.

The standoff distances for surface-based boreholes will be addressed as part of the emplacement
area definition in Section 6.2.6 and Attachment I11.
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4.2.2.7 Drainage

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.2.1.7) states that the system
shall provide a repository grade such that overall water drainage and accumulation is away from
emplacement areas.

The overall drainage scheme of the subsurface layout will be discussed in Section 6.2.5.
4.2.2.8 Location of the Repository Emplacement Area

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.2.1.8) states that the system
shall limit the emplacement areas to within the lower part of the lithophysal zone of the TSwl
unit and the entire TSw2 unit. The TSw1 unit is a thermal/mechanical unit, described as the
Topopah Spring Member, with welded, devitrified ashflows and lithophysal (alternating
lithophysae-rich and lithophysae-poor ashflows). The TSw2 unit is also a thermal/mechanical
unit and is described as the Topopah Spring Member with welded, devitrified ashflows and
nonlithophysal (sparsely distributed lithophysae).

The location of the potential repository emplacement area is addressed in Sections 6.2.2 and
6.5.2.

4.2.2.9 Minimum Overburden Thickness

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.2.1.9) states that the system
shall locate the subsurface emplacement level at least 200 meters below the directly overlying
ground surface (TBV-619).

The minimum overburden thickness is addressed in Sections 6.2.2 and 6.5.2.

4.2.3 Non-Nuclear Safety Criteria

The MGR SSCs must be designed and fabricated using good engineering principles, with
particular attention to system safety. The following non-nuclear safety criteria are specified by
the Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.2.2, p. 15).

4.2.3.1 Escapeways

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.2.2.1) states that the system
shall have two or more separate, properly maintained escapeways to the surface from the lowest
levels which are so positioned that damage to one shall not lessen the effectiveness of the others.

A method of refuge shall be provided while a second opening to the surface is being developed.

All non-nuclear safety concerns will be addressed in Section 6.2.8.
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4.2.3.2 Refuge Chambers

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.2.2.2) states that a method of
refuge shall be provided for every employee who cannot reach the surface from his working
place, through at least two separate escapeways, within a time limit of one hour when using the
normal exit method (i.e., walking). These refuge chambers must be positioned such that the
employee can reach one of them within 30 minutes from the time the workplace is left.

All non-nuclear safety concerns will be addressed in Section 6.2.8.

4.2.3.3 Travel Time to Reach Refuge Chamber

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.2.2.3) states that travel times
for exiting or reaching a refuge chamber shall be based on a maximum rate for personnel travel
of 2,100 meters in 30 minutes.

All non-nuclear safety concerns will be addressed in Section 6.2.8.

4.2.4 System Interfacing Criteria

The Subsurface Facility interfaces with various other systems. The following interfacing criteria
have been specified by the Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.4,
pp- 16 and 17).

4.2.4.1 Subsurface Ventilation System

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.4.1) states that the system
layout shall accommodate the Subsurface Ventilation System design criteria. '

The ventilation requirements and incorporation of the ventilation openings in the subsurface
layout will be discussed in Section 6.2.4.

4.2.4.2 Gradients
The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.4.2) states that the system
shall be designed so the grades of the South Ramp, emplacement drifts, and other openings

providing rail transport do not exceed 2.7 percent, 1.0 percent, and 2.5 percent, respectively.

The gradient constraints will be discussed as part of the layout description in Sections 6.2.1.1 and
6.2.5.
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4.2.4.3 Opening Sizes

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.4.3) states that the system
shall size the excavated openings, as a minimum, to accommodate the required operating
envelopes while allowing for ground control installation, variations in tunnel dimensions and
alignment, and tunnel deformation (based on repository preclosure life). The diameter of the
emplacement drifts has been determined to be 5.5 meters.

The opening sizes will be discussed as part of the layout constructibility in Section 6.2.1.1.
4.2.4.4 Zeolitized Layer Temperature Limit

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.4.4) states that the system
shall be designed to accommodate the Emplacement Drift System’s maximum constraint for the
zeolitized layer within the Calico Hills.

The Emplacement Drift SDD (CRWMS M&O 20001, Section 1.2.3.2) states that the system shall
limit the temperature of zeolite layers located 170 meters or further beneath the emplacement
area horizon to less than 90 degrees Celsius (TBV-286).

The temperature limits will be addressed as part of the thermal strategy in Section 6.2.3.10.

4.2.4.5 Soil Surface Temperature Change

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.4.5) states that the system
shall be designed to accommodate a limit on the temperature change, at 45 centimeters below the
soil surface, to 2 degrees Celsius above the established naturally occurring pre-emplacement
average annual ground surface temperature within the footprint of the MGR. The MGR footprint
is defined as that area directly above emplaced WPs and extending 500 meters horizontally
beyond the edge of emplaced WPs (TBV-617). '

The Emplacement Drift SDD (CRWMS M&O 20001, Section 1.2.3.3) states that the system shall
limit the change in temperature, at 45 centimeters below the soil surface, to 2 degrees Celsius
above what the established naturally occurring pre-emplacement average annual ground surface
temperature is in the area directly above the emplaced WPs and extending 500 meters beyond the
edge of the emplaced WPs (TBV-617).

The temperature limits will be addressed as part of the thermal strategy in Section 6.2.3.11.
4.2.4.6 Temperature Limit on the PTn Geologic Unit

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.4.6) states that the system
shall accommodate the Emplacement Drift System’s temperature constraint for the PTn geologic
unit. The PTn geologic unit is a thermal/mechanical unit described as the Lower Tiva Canyon

Member, Yucca Mountain and Pah Canyon Members, Upper Topopah Spring Member, with
non-welded ashflows and bedded tuffs.
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The Emplacement Drift SDD (CRWMS M&O 2000i, Section 1.2.3.4) states that the system shall
limit the temperature of the PTn geologic unit to less than 96 degrees Celsius (TBV-0322).

The temperature limits will be addressed as part of the thermal strategy in Section 6.2.3.10.

4.2.4.7 Opening Orientations

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.4.7) states that the system
shall orient access drifts, mains, and ramps etc., as needed to support waste emplacement and
potential retrieval operations in the emplacement drift.

The opening orientations will be addressed as part of the layout constructibility in
Section 6.2.1.1.

4.2.4.8 Uplift Limit of the TSw1 Unit

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.4.8) states that the system
shall accommodate the Emplacement Drift System’s uplift limit of the TSw1 thermomechanical
unit.

The Emplacement Drift SDD (CRWMS M&O 2000i, Section 1.2.3.5) states that the system shall
be designed such that the differential uplift measured between the top of the TSwl
thermomechanical unit above the repository and the TSwl thermomechanical unit at the
preclosure controlled area boundary is less than 1 meter (TBV-618).

The uplift limit will be addressed as part of the thermal strategy in Section 6.2.3.12.

4.2.4.9 Interface with the Subsurface Excavation System

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.4.9) states that the system
shall interface with the Subsurface Excavation System for the location of construction openings
(e.g., TBM Assembly/Disassembly Chambers, etc.).

The interface with the subsurface excavation system is discussed in Section 6.2.9.

4.2.4.10 Emplacement Drift and Turnout Intérface

A difference in elevation of 0.8 meters between the bottom of the turnout and the bottom of the
emplacement drift (CRWMS M&O 2000h, Section 1.2.4.7) shall be accommodated. This is the
result of the need to excavate a step in the launching chamber to allow TBM excavation of the
emplacement drift. ‘

This criterion is needed to ensure the Waste Emplacement/Retrieval System is able to negotiate

the change in elevation between the bottom of the turnout and the bottom of the emplacement
drift, which is located at the emplacement drift dock.
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This criterion is addrgssed in Section 6.2.1.2.
4.2.4.11 Opening Curvatures

The Subsurface Facility shall accommodate the Waste Emplacement Transportation System
Curvatures outlined in Table 15 (CRWMS M&O 2000h, Section 1.2.4.6). This criterion is
needed to define the interface between the Subsurface Emplacement Transportation System, the
Subsurface Facility System, and the Waste Emplacement/Retrieval System. The minimum
radius of curvature that the track makes will limit the design of the equipment that rides on top of
the tracks. The radius of curvature for the ramps and mains is limited by the muck conveyor
usage during construction. This criterion supports the waste emplacement and retrieval
operations as required in Section4.2.4.7. This criterion is addressed in Sections 6.2.1.1 and
6.2.1.2. :

Table 15. Subsurface Waste Emplacement Transportation System Curvatures

Location Minimum Radius
Ramps and Mains 305 meters (TBV-253)
On the Surface and Within Emplacement Dirift Turnouts 20 meters (TBV-253)

Source: CRWMS M&O 2000h, Section 1.2.4.6
4.2.4.12 Air Temperature for Human Access
It is assumed that exhaust air that exceeds a dry bulb temperature of 48 degrees Celsius
(TBV-0321) will be isolated from areas requiring human access. This assumption is based on
the ventilation system criterion to limit the maximum dry bulb temperature to 48 degrees Celsius
for subsurface areas during human access (CRWMS M&O 2000b, Section 1.2.1.3).
This criterion is addressed in Section 6.2.4 and Attachment IV, Section I'V.3.

4.2.4.13 Preclosure Time Periods

The MGR PDD (CRWMS M&O 2000j, Section 5.1.1.1 and CRWMS M&O 2000m) states that
the MGR design shall allow the repository to be closed as early as 30 years after emplacement of
the last WP contingent upon meeting the remainder of the thermal requirements. The MGR shall
include provisions that support a deferral of closure for up to 300 years from initiation of waste
emplacement, with appropriate monitoring and maintenance.

This criterion is addressed in Section 6.2.3 4.
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4.2.4.14 Waste Package Maximum Thermal Qutput

The Emplacement Drift SDD (CRWMS M&O 2000i, Section 1.2.4.4) and the MGR PDD
(CRWMS M&O 2000j, Section 5.2.13) states that the system shall accommodate a maximum
WP thermal output of 11.8 kW at the time of emplacement.

This criterion is addressed in Section 6.2.3.3.

4.2.4.15 Waste Package Heat Removal During Preclosure

The Emplacement Drift SDD (CRWMS M&O 20001, Section 1.2.4.5) and the MGR PDD
(CRWMS M&O 2000j, Section 5.1.3.1) states that the system shall accommodate the removal of

70 percent of the heat generated by WPs by the Subsurface Ventilation System during the
preclosure period.

This criterion is addressed in Section 6.2.3.4.
4.2.4.16 Not Used
4.2.4.17 Preclosure Emplacement Drift Wall Temperature

The Emplacement Drift SDD (CRWMS M&O 2000i, Section 1.2.1.3) states that the system shall
limit the emplacement drift wall temperature to 96 degrees Celsius or less during the preclosure
period.

This criterion is addressed in Section 6.2.3.5.
4.2.4.18 Postclosure Pillar Temperature
The Emplacement Drift SDD (CRWMS M&O 2000i, Section 1.2.1.4) states that if the MGR is
closed between 50 years and 125 years after emplacement of the initial WP, the system shall
limit the temperature of 50 percent of the pillar width to 96 degrees Celsius or less during the

postclosure period.

This criterion is addressed in Section 6.2.3.7.
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4.2.4.19 Postclosure Emplacement Drift Wall Temperature Goal

The Emplacement Drift SDD (CRWMS M&O 2000i, Section 1.2.1.5) states that if the MGR 1s
closed at 125 years after emplacement of the initial WP or later, the system shall limit the
temperature of the emplacement drift walls to 96 degrees Celsius or less during the postclosure
period. The MGR PDD (CRWMS M&O 2000j, Section 5.1.5) states as a performance goal that
the emplacement drift wall temperature should remain below 96 degrees Celsius following
repository closure, based on nominal/expected values of repository closure. Since the MGR
PDD states this is only a goal, it is not necessary to show compliance with the SDD criterion.

This criterion is addressed in Section 6.2.3.6.

4.2.420 Maximum Postclosure Emplacement Drift Wall Temperature

The Emplacement Drift SDD (CRWMS M&O 2000i, Section 1.2.3.1) states that the system shall
limit the emplacement drift wall temperature to less than 200 degrees Celsius during the
postclosure period (TBV-287).

This criterion is addressed in Section 6.2.3.8.

4.2.421 TSwl Thermomechanical Unit Differential Uplift Rate

The Emplacement Drift SDD (CRWMS M&O 2000i, Section 1.2.3.6) states that the system shall
be designed such that the differential uplift measured between the ground surface above the
repository and the ground surface at the preclosure controlled area boundary is less than
0.5 cm/year (TBV-618).

This criterion is addressed in Section 6.2.3.13.

4.3 CODES AND STANDARDS

The primary source of codes and standards for this analysis is the Subsurface Facility SDD
(CRWMS M&O 2000e, Section 1.2.6).

4.3.1 Occupational Safety and Health Standards

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.6.1) states that the system
shall comply with the applicable provisions of “Occupational Safety and Health Standards”
(29 CFR 1910).

Applicable safety and health standards will be addressed as part of the repository constructibility
discussion in Section 6.2.8.
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4.3.2 Safety and Health Regulations for Construction

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.6.2) states that the system
shall comply with the applicable provisions of “Safety and Health Regulations for Construction”
(29 CFR 1926).

Applicable safety and health regulations will be addressed as part of the repository
constructibility discussion in Section 6.2.8.

4.3.3 Standards for Protection Against Radiation

The MGR must comply with the applicable provision of “Standards for Protection Agamst
Radiation” (10 CFR 20). This standard as it relates to the Subsurface Facility is discussed in
Sections 4.2.2 and 6.2.7.

4.3.4 Monitored Geologic Repository Project Description Document

The Subsurface Facility SDD (CRWMS M&O 2000e, Section 1.2.6.3) states that the system
shall comply with the applicable assumptions contained in the MGR PDD
(CRWMS M&O 2000j).

Applicable sections of the MGR PDD (CRWMS M&O 2000j) will be addressed with various
criteria (see Section 4.2) and various assumptions (see Section 5.1).

5. ASSUMPTIONS

An assumption is considered a statement or proposition that is taken to be true or representative
in the absence of direct confirming data or evidence. The assumptions used in this analysis are
identified and explained in this section.

5.1 CONTROLLED PROJECT ASSUMPTIONS

The following assumptions from the MGR PDD (CRWMS M&O 2000j) have been incorporated
into this analysis as required in Section 4.3.4.

5.1.1 Waste Package Shielding

The MGR PDD (CRWMS M&O 2000j, Controlled Project Assumption (CPA) 019) states that
WP containment barriers will provide sufficient shielding for protection of WP materials from
radiation-enhanced corrosion. Individual WPs will not provide any additional shielding for
personnel protection. Additional shielding for personnel protection will be provided by the
subsurface and surface waste handling SSCs, including the WP transporter (TBV-1014). Thxs
assumption will be required to discuss the layout of the emplacement drift turnouts.

Radiological safety will be discussed in Section 6.2.7.
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5.1.2 Emplacement Drift Entrance

The MGR PDD (CRWMS M&O 2000j, CPA 021) states that doors are required at entrances to
emplacement drifts (TBV-1016). This assumption will be required in the discussion regarding
the layout of the emplacement drift turnouts.

The turnout requirements and incorporation of emplacement drift doors will be discussed in
Section 6.2.1.2 and 6.2.7.

5.1.3 Modular Design and Construction Capability

The MGR PDD (CRWMS M&O 2000j, CPA 023) states that the MGR will be designed in a

manner that will permit modular design and/or construction in stages such that maximum annual
funding requirements could be reduced. This will facilitate the start of operations at the
repository after the initial construction stage and continuation of operations concurrently with
subsequent construction stages. The amount of modular design or construction staging would be
selected based on funding and schedule constraints.

The construction capability will be discussed as part of the layout constructibility in
Section 6.2.9.1.

5.1.4 Subsurface Configuration for Water Drainage

The MGR PDD (CRWMS M&O 2000j, CPA 026) states that the repository subsurface layout
will be configured for post-closure water drainage such that:

e Water entering an emplacement drift can drain directly into the surrounding host rock
without draining along the drift for collection in a centralized location. (This assumption
does not encompass general flooding of the facility) (TBV-1021).

e Drifts above the emplacement level will not have direct connection to an emplacement
drift such that water entering the over-lying drift could flow by gravity through a
man-made opening into the underlying emplacement drifts (TBV-1021).

e Drifts above the emplacement level will be configured to slope so that any water entering
the drift can flow, by gravity, away from the emplacement area (TBV-1021).

The drainage of the subsurface layout will be addressed in Section 6.2.5.
5.2 -OTHER ASSUMPTIONS

Other assumptions used in this analysis that are not documented in the MGR PDD
(CRWMS M&O 2000j) are identified and explained in this section. These initial use
assumptions will only be considered TBV if it has been determined that the assumption is critical
to the conclusions of this analysis. Each statement for an initial use assumption will contain a
justification of the input status.
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52.1 Empty Drifts During Emplacement

It is assumed that a certain number of special use drifts will be excavated within the pillar of two
adjacent emplacement drifts and will be left empty during emplacement operations. These drifts
are excavated within the pillar of adjacent emplacement drifts so as not to impact the required
emplacement area. Some of the empty drifts will be cross-block drifts for ventilation,
monitoring, emergency egress, and/or the Test and Evaluation program. These will be located to
split the repository block into similarly sized areas. Other empty drifts will be standby
emplacement drifts for possible temporary relocation of emplaced WPs. These drifts will be
located within the first half of the emplacement drifts to be available early in the emplacement
process. This assumption will not be considered TBV since the number of empty drifts
excavated between adjacent emplacement drifts does not affect the total area required for
emplacement of the specified WP inventories. The incorporation of standby and cross-block
drifts is discussed in Section 6.2.1.2.

5.2.2 Contingency Area

Two different allowances have been included in the layout. It is assumed that an allowance of
2 percent of the required emplacement drift length will be excavated in addition to the required
length of emplacement drift. This area is planned to be excavated to allow for additional space if
needed during emplacement for variances in the WP inventory. It is assumed that an additional
10 percent contingency is included in the conceptual layout. This contingency will only be
excavated to allow for unexpected circumstances such as conditions found during development
that prevent the intended emplacement arca from being used due to unexpected ground
conditions. This assumption will not be considered TBV since the impact is not critical to the
total area allocation for emplacement of the WP inventories. The incorporation of the excavation
allowance and the contingency area is discussed in Sections 6.3, 6.3.1, 6.4, and 6.4.1.

5.2.3 Emplacement Drift Turnout Configuration

It is assumed that the start of the turnout is at a 30-degree angle to the perimeter main and that
the nose of the pillar between the turnout and the perimeter main will be a minimum thickness of
4 meters. This approach angle and pillar thickness for the turnout will provide a stable pillar
between the turnout and the perimeter main with a minimal span of the opening at the
intersection of the turnout and the main.

It is assumed that two ventilation doors will be accommodated in the turnout. The first door will
be located at the entrance to the turnout. This will require a minimum straight portion of
5 meters from the nose of the pillar to the curved section to accommodate installation of the
door. The second ventilation door will be located at the entrance to the emplacement drift.

It is assumed that the straight portion at the end of the turnout is 24 meters. This straight portion
of the turnout accommodates the setup and launch of the TBM as well as provides a docking area
for the WP transporter for unloading of the WP in line with the emplacement drift. The WP
transporter with the transfer dock is approximately 22 meters long (CRWMS M&O 2000g,
p- 30).
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It is assumed that the end of the WP will be located at least 1.5 meters from the end of the
straight portion of the turnout. This standoff distance allows an operational clearance between
the WP transporter docking operation and the final emplacement location of the last WP.

It is assumed that the direct line of radiation from the last WP will have a minimum standoff
distance of 4.5 meters from the nose of the pillar. Preventing the direct line of radiation from
entering the perimeter mains, an unrestricted area, will aid in reducing the radiation levels.

It is assumed that the turnout profile is 8 meters wide with an arch from spring line to spring line,
and 7 meters high at the crown. This turnout profile is based on the straight portion of the
turnout specified for the VA subsurface layout (CRWMS M&O 19973, p. 89) and is assumed to
be adequate for the TBM launch and WP transporter activities in the turnout.

These assumptions are not considered TBV since configuration of the emplacement drift turnouts
does not affect the total area required for emplacement of the specified WP inventories. This
assumption was used in the configuration of the emplacement drift turnout as illustrated in
Figure 4 and discussed in Sections 6.2.1.2, 6.2.7, and Attachment L.

5.2.4 Maximum Length of Drift Split

A maximum emplacement drift split length of 600 meters is assumed and any emplacement
Jength in excess of 600 meters will be considered unusable space. The basis of this restriction is
the thermal analysis of the effect of continuous ventilation on the temperature of rock adjacent to
the emplacement drifts. The assumed effective length of ventilating airflow in an emplacement
drift is 600 meters (CRWMS M&O 1999g, p. 19). This assumption will not be considered TBV
since the restriction on the useable emplacement length of an emplacement drift does not affect
the total area required for emplacement of the specified WP inventories such that the conclusions
of this analysis are impacted.

The restriction of the useable emplacement drift split is incorporated into the layout in
Attachments I and IV.

5.2.5 Pillar Requirements

A pillar between perpendicular crossing drifts is assumed to be a minimum of 10 meters from
crown to invert. A pillar for drifts running parallel is assumed to be a minimum of three
diameters, using the maximum diameter of the largest drifts, from centerline-to-centerline. This
assumption does not include pillar requirements for the emplacement drifts since the
emplacement drift spacing has been set at 81 meters center-to-center (see Section 4.2.1.5). This
assumption will not be considered TBV since the assignment of minimum pillar requirements
does not affect the total area required for emplacement of the specified WP inventories.

The incorporation of the minimum pillar requirements in developing the layout is discussed in
Section 6.2.1.1.
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5.2.6 Physical Standoff Distance to the Ventilation Raise

Ventilation raises are located in each emplacement drift to channel exhaust air to the Exhaust
Main. A physical standoff distance of 2 meters is assumed, measured from the centerline of the
ventilation raise to the end of the nearest emplaced WP. This standoff distance should minimize
interference with the ventilation airflow and/or radiological monitoring around the ventilation
raise. This assumption will not be considered TBV since the assignment of this standoff distance
does not affect the total area required for emplacement of the specified WP inventories.

The incorporation of the physical standoff distance to the ventilation raise is discussed in
Attachment L.

5.2.7 Ventilation Strategy Assumptions

A number of assumptions are required to integrate the subsurface layout with the overall
ventilation strategy for the potential repository. These assumptions are documented in the
following sections.

5.2.7.1 Minimum Airflow Velocity

The minimum airflow velocity for openings requiring human access during normal operations is
assumed be 1 meter per second (McPherson 1993, p. 295). This value is based on a typical
minimum design airflow velocity requirement from industry, as outlined in Subsurface
Veniilation and Environmental Engineering. This assumption will not be considered TBV since
the assignment of the minimum airflow velocity does not impact the area required for
emplacement of the specified WP inventories.

This assumption is used in Attachment IV, Section IV.1.

5.2.7.2 Subsurface Openings Supporting Ventilation

The primary subsurface openings supporting ventilation are assumed to be driven by a
7.62-meter diameter TBM. This sizing of the ventilation openings is consistent with other access
openings (see Section 4.1.5.1) to minimize the sizes of TBMs required to construct the
repository. This assumption will not be considered TBV since the size of the support openings
does not affect the area required for emplacement of the specified WP inventories. Some
secondary openings may be developed by roadheader or conventional drill and blast methods.
This assumption is used in Attachment IV, Sections IV.1 and TV .3.

5.2.7.3 Ventilation Shaft Size

It is assumed that all the ventilation shafts will be excavated the same diameter based on the

largest shaft size necessary to support the subsurface ventilation system. This assumption is used
to standardize the equipment size required for shaft excavation. This assumption will not be

ANL-SFS-MG-000001 REV 00 Page 45 of 120 June 2000



considered TBV since the size of support openings does not affect the total area required for
emplacement of the specified WP inventories.

This assumption is used in Attachment I'V, Section IV.7.

5.2.7.4  Air Velocity Constraints

It is assumed that the air velocity constraints for the subsurface ventilation airflows, as listed in
Table 16, are sufficient for the purposes of this analysis in determining opening sizes. These
constraints are based on the typical industry maximum velocities found in Subsurface Ventilation
and Environmental Engineering (McPherson 1993, Table 9.1, p. 295). This assumption will not
be considered TBV since the air velocity constraints only affect the size of the support openings

and do not affect the total area required for emplacement of the specified WP inventories.

This assumption is used throughout Attachment IV.

Table 16. Air Velocity Constraints

Repository Openings Area Described in Text Velocity
Haulage Mains and Ramps Main Haulage Routes 6 m/s
Intake Shaft Accesses, Exhaust Main, and Exhaust . < .
Shaft Accesses Smooth Lined Main Airways 8 m/s
Intake and Exhaust Shafts Ventilation Shafts 20 m/s

Source: McPherson 1993, p. 295, Table 9.1
52.7.5 Humaa Access 73 The Exhaust Main

It is assumed that human access will be required in the Exhaust Main in order to service
ventilation controls and monitoring equipment located at the bottom of the ventilation raises.
This assumption will not be considered TBV since the function of the support openings does not
affect the total area required for emplacement of the specified WP inventories. This assumption
is used in Section 6.2.4 and Attachment IV, Section IV .3.

5.2.7.6  Ventilation Stopping

It is assumed that a typical mine stopping, a physical barrier used for separating ventilation
airflow is approximately 0.2 meters thick. This mine stopping is typical for the mining industry
(Hartman et al. 1997, p. 463) where permanent or long-term control of airflow is required. This
assumption will not be considered TBV as the use and function of the stopping does not affect

the total area required for emplacement of the specified WP inventories.

This assumption is used to provide a thickness for the partition wall in the Exhaust Main as
discussed in Attachment IV, Section IV.3.

5.2.7.7 Invert Area For Ventilation Openings

It is assumed that the inverts for all 7.62-meter diameter excavations will be the same as the
invert for the ramps and mains. This invert design has a larger cross-sectional area than the other,
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as outlined in Table 17, and will bound the maximum airflow volume in the drift. This
assumption will not be considered TBV since the fixtures within the support openings do not
affect the total area required for emplacement of the specified WP inventories.

This assumption is used in Attachment IV, Section IV.3.

Table 17. Invert Areas

invert Type Cross-Sectional Area (m°®) Reference Source
Exhaust Main 0.603 CRWMS M&O 1999f, pp. 31 and 32
“Ramps and Mains 1.73 CRWMS M&O 1999f, pp. 27 and 28

5.2.7.8 Intake Shaft Accesses

It is assumed that the intake shafts are connected to the East and West Mains by a shaft access to
support the overall ventilation system. This allows supply intake air to be distributed to both the East
and West Mains and, subsequently, to the emplacement drifts. This assumption will not be
considered TBV since the configuration of these support openings does not affect the total area
required for emplacement of the specified WP inventories.

This assumption is used in Attachment IV, Section IV.1.
5.2.7.9 Exhaust Shaft Accesses

It is assumed that the exhaust shafts that are utilized to their full capacity will be connected to the
Exhaust Main with two access drifts. These two exhaust shaft access drifts will aid in minimizing
the size of the accesses and help maximize the airflow volume supplied to the exhaust shaft. This
assumption will not be considered TBV since the configuration of these support openings does not
affect the total area required for emplacement of the specified WP inventories.

This assumption is used in Attachment IV, Sections IV.4.2 and [V.5.2.

5.2.7.10 Ventilation Raises

It is assumed that the ventilation raises that support the Subsurface Ventilation System are excavated
at 2 meters in diameter. This ventilation raise size is based on the Repository Subsurface Layout
Configuration Analysis (CRWMS M&O 1997a, p. 78) and is still applicable to the current concept of
the subsurface layout. This assumption does not impact the design of the emplacement area and

therefore will not be designated as TBV.

This assumption is used in Section 6.2.4.
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5.2.7.11 Shaft Sumps

It is assumed that all ventilation shafts will be excavated with a 5-meter deep sump at the bottom.
The sump provides a place for water entering the Subsurface Facility to collect for subsequent
pumping to surface. This assumption does not impact the design of the emplacement area and,
therefore, will not be considered TBV.

This assumption is used in Sections 6.32.3,63.2.4,6.3.2.5,64.2.3,64.24,and 6.4.2.5.
5.2.7.12 Ambient Air Temperature Entering Emplacement Drift

An ambient air temperature of 25 degrees Celsius entering the emplacement drift is assumed.
This air temperature was the basis of the calculations for the thermal analysis
(CRWMS M&O 1999g, Table I-14, p. I-18). This assumption does not impact the design of the
emplacement area and, therefore, will not be considered TBV.

This assumption is used in Attachment I'V, Section IvV.2.

6. ANALYSIS/MODEL

This analysis develops the overall subsurface layout and identifies design and operational -
interfaces for the Subsurface Facility. This section of the analysis reviews and demonstrates the
incorporation of factors influencing the repository layout, such as design criteria, geological
constraints, and the incorporation of existing facilities.

A planning layout is developed in Section 6.2 consistent with the usable three-dimensional
spatial boundaries within the geology of Yucca Mountain incorporating the ESF (see
Section 4.1.5.1), at the primary area elevation. The planning layout was then used as a basis to
determine specific layouts for the capacity scenarios as discussed in Sections 6.3 and 6.4.

6.1 DESIGN METHODOLOGY

The design of the planning layout and, subsequently, the 70,000 MTU and 97,000 MTU layouts
(if authorized) were developed using the VULCAN v3.4 software (see Section 3). The
geological model for Yucca Mountain, the Geologic Framework Model 3.1, as documented in
the Determination of Available Repository Siting Volume within the Characterized Area for Site
Recommendation (see Section4.1.1) was used as input into VULCAN v3.4. Using the

" geological model as a basis, the planning layout was developed in three dimensions using the

centerlines of the excavations (CRWMS M&O 2000aa). The Geologic Framework Model 3.1
was developed for this type of design application. The development of the planning layout was
based on the inputs listed in Section 4 and the assumptions listed in Section 5, as described in
Section 6.2. VULCAN v3.4 was used throughout this analysis to extract information such as the
geological information of the proposed repository openings (see Section 6.2.2) and the
excavation quantities specified in Sections 6.3 and 6.4. The subsurface layouts, for both the
planning layout (see Section 6.2) and the lower block (see Section 6.5.1) are contained in “.dx{”
files in the Records Processing Center (CRWMS M&O 2000aa and CRWMS M&O 2000bb).
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6.2 DEVELOPMENT OF THE PLANNING LAYOUT '

The approach to developing the conceptual design for SR was to evaluate the available
three-dimensional volume within the repository host horizon (RHH) at the primary area
elevation. This approach to the conceptual design positions the emplacement area within the
RHH, at the primary area elevation and utilizes the geology of the area while maintaining all
geologic constraints. The geologic constraints are discussed in more detail in Section 6.2.2.

The planning layout was also developed with an emplacement area sufficient to accommodate
the 70,000 MTU WP inventory, with the capability of supporting a 97,000 MTU WP inventory,
if it is authorized (see Section 4.2.1.1).

A description of the planning layout and a discussion of influencing factors that affect the
Subsurface Facility are discussed in the following sections.

6.2.1 Layout Description

The planning layout consists of various types of openings with different functions and design
considerations. The following sections provide a description of the planning layout, as it was
developed three-dimensionally in VULCAN v3.4. For reference, the planning layout is
illustrated in Figure 3 and details of the heading lengths and gradients are detailed in
Attachment II.

6.2.1.1 Ramps and Mains

The ESF opening is located such that it can become an integral part of the Subsurface Facilities
(see Section 4.1.5.1). The ramps in the ESF provide access to the specified available site volume
at gradients that accommodate rail transportation (see Section 4.2.4.2), where the North Ramp 1s
at an approximate grade of -2.15 percent and the South Ramp is at an approximate grade of
-2.62 percent. The available site volume is discussed further in Section 6.2.2.

The entire main drift of the ESF lies within the available site volume. It is situated near the
upper bound of the available site volume and provides the eastern boundary for the planning
layout. It thereby becomes the East Main in the planning layout, as illustrated in Figure 3. The
ESF main drift, with a gradient of +1.35 percent to the north, is within the gradient requirements
for accommodating rail transportation (see Section 4.2.4.2).

The ESF opening was excavated with a TBM to a diameter of 7.62 meters in accordance with the
Exploratory Studies Facility Design Requirement (see Section 4.1.8). This opening size should
be sufficient to allow waste emplacement operations and have the allowance necessary for
ground control installation, variations in tunnel dimensions and alignment and tunnel
deformations (see Section 4.2.4.3). However, an evaluation of the equipment envelope will
require an analysis of the impacts of all aspects of the construction and emplacement operations.
The perimeter mains for the planning layout will also be excavated with a TBM to a diameter of
7.62 meters (see Section 5.2.7.2) to provide integration of the ESF openings with the Subsurface
Facility design. :
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The outermost boundaries of potential repository block to the north, south and west were
established by locating the perimeter mains of the repository block within the limits of the
three-dimensional spatial boundary as established by VULCAN v3.4, while maximizing the
emplacement area within the defined block, as illustrated in Figure 3. The East and West Mains,
including the East Main North and South Extensions will be used primarily for waste
emplacement operations as access to the emplacement drifts. As such, the West Main has been
oriented with respect to the East Main and the East Main extensions to support waste
emplacement and potential retrieval operations (see Section 4.2.47).

The North, South, and South End Mains have been configured between the East and West Mains
in order to provide access from one side of the repository block to the other. This type of access
across the repository block will provide flexibility of movement for the WP transporter during
waste emplacement operations.

A North Ramp Extension is provided to the north end of the repository block as a bypass from
the North Ramp to allow concurrent waste emplacement operations and continued Subsurface
Facility development. ~Concurrent emplacement and development operations are further
discussed in Section 6.2.9.1. The extension to the north end of the planning layout is parallel to
the East Main Extension with a centerline-to-centerline plan distance of approximately
4.5 meters between the openings. This pillar size is in excess of the assumed stable pillar size
of three diameters from centerline-to-centerline (see Section 5.2.5).

The perimeter mains have also been configured such that any opening curvature radius within the
mains and any transition from main to main are 305 meters. This opening radius dictates the
curvature radius of the tracks and allows integration of the emplacement and retrieval equipment
(see Section 4.2.4.11).

The Exhaust Main is required to receive the airflow from the subsurface openings and direct that
flow to the surface via the exhaust shafts. It is situated below the repository elevation and
extends from the north end of the block to the extreme south end. A minimum pillar of
10 meters is allowed between the Exhaust Main and the overlying openings. This pillar
allowance is assumed to provide stability of the ground left between the Exhaust Main and the
other repository openings (see Section 5.2.5). The Exhaust Main is graded in the vicinity of the
South Main to allow intersection of the two headings and to provide accesses into the Exhaust
Main from the South Main. The gradients in all sections of the Exhaust Main are less than
2.5 percent to allow rail transportation within the opening (see Section 4.2.4.2). The
configuration and design concepts for the Exhaust Main are discussed further in Section 6.2.4.

6.2.1.2 Emplacement Area

The emplacement drifts will be excavated between the East Main and the West Main.  This
configuration will allow access into the emplacement drifts from either side during emplacement
operations. The drifts will be excavated with an azimuth of 252 degrees; the preferred drift
orientation (CRWMS M&O 19994, p. 26) in order to position the emplacement drifts at least
30 degrees from the dominant joint orientations of the RHH (see Section 4.2.1.7).
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The emplacement drifts will be excavated with a nominal diameter of 5.5 meters as required (see
Section 4.2.1.3). The emplacement drifts are to be spaced at 81 meters center-to-center (see
Section 4.2.1.5). This arrangement allows drainage of thermally mobilized water between the
emplacement drifts and increases the independence of the individual emplacement drifts. With
this drift spacing, the planning layout can accommodate 92 drifts in the primary area. These
drifts provide approximately 86,777 meters of available emplacement drift, excluding the two
Test and Evaluation postclosure test drifts as shown in Attachment I, Table I-1. The Test and:
Evaluation Facilities, including the use of the first two drifts in the emplacement area, are
discussed in Section 6.2.1.3.

The emplacement area in the planning layout is bounded by a set of coordinates that represent
the theoretically last emplaced WP in the drift. The last emplaced WP in the emplacement drift
is assumed to be 1.5 meters from the start of the emplacement drift (see Section 5.2.3). A list of
these boundary coordinates for the emplacement area is located in Attachment V.

Acreage Available in the Planning Layout-The total emplacement drift length and the drift
spacing can be used to calculate the total available acreage in the planning layout.

L, (meters) x DS (meters) 1
Acreage = i X ————
m
13,560f°/ 0.0929m°/,
Where: La = available emplacement drift length (meters) and
DS = drift spacing (meters).
When: L. = 86,777 meters (see Attachment I, Table I-1) and
DS = 81.0 meters (see Section 4.2.1.5),
86,777 meters x 81 meters
Acreage =

1
X
ft? m7
43560 /a e 0.0920m’ /7,

Acreage = 1,736.9 acres

The Subsurface Facility planning layout with 90 emplacement drifts, excluding the two Test and
Evaluation postclosure test drifts, has approximately 1,737 acres available within the primary
area.

Emplacement Drift Turnouts—A transition from the East and West Mains into the emplacement
drifts is required to support emplacement operations and accommodate the waste emplacement
equipment. The emplacement drift turnouts will function as this transition from the Mains into
the emplacement drifts and support activities such as the TBM launch for emplacement drift
excavation and WP transporter unloading and transfer of the WPs to the emplacement gantry.

The configuration of the turnout requires the integration of a number of activities and operations,
and a discussion of these factors is necessary. For reference, a typical turnout is illustrated in
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Figure 4. The entrance to the turnout must provide for a stable intersection with the main. Itis
assumed that a 30-degree approach angle from the main into the turnout, along with a minimum
pillar thickness of 4 meters at the nose of the pillar, will provide the required stability (see
Section 5.2.3).

One of the functions of the turnout is to aid in reducing the radiation levels in the East and West
Mains. The direct line of radiation, the line-of-sight from the last emplaced WP in the
emplacement drift, can increase the radiation levels in the East and West Mains. The
theoretically last emplaced WP in the emplacement drift is assumed to be 1.5 meters from the
start of the emplacement drift (see Section 5.2.3) and the projection of the direct line of radiation
from this last WP will have a minimum assumed standoff distance of 4.5 meters from the nose of
the pillar (see Section 5.2.3). This is assumed to be sufficient to prevent the direct line of
radiation from entering the mains. Radiological safety is further discussed in Section 6.2.7.
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Figure 4. Typical Turnout Configuration

The emplacement drift turnout must also accommodate the placement and offsets of doors at the
entrance of the emplacement drift (see Section 5.1.2). These doors are necessary to restrict
personnel access to emplacement drifts after WPs have been emplaced and to limit radiation
exposure in the turnouts and mains. The turnouts have been configured to allow installation of
two sets of doors if required. A two-door system has the potential to provide ventilation flow
control through the turnout and into the emplacement drift, since the doors can act as an airlock.
The first door will be located at the entrance to the turnout. It is assumed that a minimum
straight portion of 5 meters from the nose of the pillar to the curved section of the turnout will be
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required to accommodate installation of the door (see Section 5.2.3). An allowance has also
been made for installation of a second door at the entrance to the emplacement drift.

The emplacement drift turnout must also accommodate the WP transporter. A number of
parameters within the turnout must be set by the physical constraints of the WP transporter. The
curvature radius within the turnout is 20 meters to accommodate the minimum radius which the
transporter can negotiate (see Sections4.2.4.11). A difference in elevation of 0.8 meters
between the interface of the bottom of the turnout and the bottom of the emplacement drift has
also been used. This elevation step is required for interfacing with the transporter design for
unloading the WP (see Section 4.2.4.10). In addition, a straight portion beyond the curve of the
turnout must be incorporated to ensure adequate allowance for the WP transporter to dock and
unload the WP. It is assumed that a straight portion of 24 meters is adequate (see Section 5.2.3)
for these purposes.

The profile of the emplacement drift turnout is 8 meters wide with an arch from spring-line to
spring-line, and 7 meters high at the crown as illustrated in Figure 4 (see Section 5.2.3).

The length of the turnout depends on the change in azimuth between the centerline of the
perimeter main and the centerline of the emplacement drift. As the angle between the main and
the emplacement drift gets larger, the turnout length increases. The lengths of the turnouts are
discussed further in Sections 6.3.2.2 and 6.4.2.2. The variances in the turnout gradients change
with the turnout length, but are configured such that any water encountered within the turnout
will drain out to the main. The overall drainage scheme for the planning layout is further
discussed in Section 6.2.5.

Standby and Cross-Block Drifts-It is assumed that a number of drifts excavated in the pillar of
adjacent emplacement drifts will be left empty during emplacement operations (see
Section 5.2.1). These drifts will serve two purposes. First, the cross-block drifts will be left
empty to facilitate ventilation, emergency egress, and possibly to assist in the Test and
Evaluation program. The cross-block drifts will also be one of the paths for cool, fresh air to get
to the Exhaust Main service side (see Section 6.2.4). The Test and Evaluation program may also
use the cross-block drifts to monitor the adjacent emplacement drifts. The cross-block drifts are
located between Emplacement Drifts 9 and 10, Emplacement Drifts 22 and 23, Emplacement
Drifts 36 and 37 and Emplacement Drifts 53 and 54. '

The standby drifts will be left empty for temporary relocation of WPs, if necessary. If, for some
reason, the WPs must be removed from a loaded emplacement drift, the standby drifts will serve
as receiving locations instead of removing the WPs back to the surface. Relocated WPs can
remain in the standby drifts on a temporary basis and must moved to a permanent location,
depending on the situation that caused the relocation. The standby drifts are located between
Emplacement Drifts 6 and 7 and Emplacement Drifts 19 and 20. '
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6.2.1.3 Test and Evaluation Program

A Test and Evaluation program will be required within the Subsurface Facility (see
Section 4.2.1.8). This Test and Evaluation program, part of the Performance Confirmation Plan
will operate during both Construction and the Development to confirm that the design objective,
the long-term isolation of waste in the Subsurface Facility, is accomplished. = The Test and
Evaluation program will require a number of facilities for performance monitoring, postclosure
simulations, and specialized test areas. The location of the Test and Evaluation Facilities within
the planning layout is illustrated in Figure 3. Only major facilities (ODs and test drifts) are
shown. Smaller facilities, such as alcoves, are not designed at this time.

The performance monitoring facility will require a minimum of three monitoring areas with one
OD and a minimum of six alcoves for each area (see Section 4.2.1.8).

Four performance monitoring ODs will be located within the primary area. The first
performance monitoring OD is located between Drifts 3 and 4 of the planning layout (see
Figure 3). The ECRB can be established as an integral part of the Test and Evaluation program
and will be used as the second performance monitoring OD. The ECRB is located above the
potential repository horizon at a location that provides access to the central area of the
emplacement area for the Test and Evaluation Program alcoves (see Section 4.1.5.2). The ECRB
will provide access to the third performance monitoring OD located between Drifts 44 and 45.
The fourth performance monitoring OD will be placed between Drifts 75 and 76 of the planning
layout.

These performance monitoring ODs are located abov= the repository horizon to provide access
for monitoring of preclosure conditions in the near-field environment. Along with each of the
ODs, a number of testing alcoves will be required. The locations of these alcoves will be
specified in future analyses.

A postclosure simulation facility will be located within the primary area (see Section 4.2.1.8).
The first two drifts within the emplacement block will be designated as the two simulation drifts.
The postclosure simulation drifts need to be a minimum of 600 meters in length to provide for
two segment tests (see Section 4.2.1.8), therefore, only the east side of the reserved drifts will be
used. An OD to monitor the postclosure simulation drifts is located between the drifts below the
repository horizon. Along with the ODs, a number of testing alcoves will be required. The
locations of these alcoves will be specified in future analyses.

Additional specialized test areas will be required within the Subsurface Facility (see
Section 4.2.1.8). These test areas include seepage measurement alcoves, seismic monitoring
alcoves, ramp-seal test alcoves, and shaft-seal test alcoves. These specialized alcoves will
require specific testing locations that will provide the varying conditions needed for the test. The
location of these alcoves does not affect the conceptual Subsurface Facility layout and will be
addressed in future analyses.
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6.2.2 Geological Constraints

The geology dictates the siting and configuration of the potential repository. The site geology
defines the physical three-dimensional spatial boundaries of the Subsurface Facility and the
available repository siting volume has been identified in Determination of Available Repository
Siting Volume within the Characterized Area for Site Recommendation (see Section 4.1.1). The
geological model developed in this report was used as input to VULCAN v3.4. The software
was then used to extract geologic information with respect to the planning layout from the
Subsurface Facility Planning Layout in Support of ANL-SFS-MG-000001 REV 00
(CRWMS M&O 2000aa). ‘

As shown in Figure 5, the planning layout is located such that the closest edge of the
emplacement drifts are placed a minimum of 160 meters from the top of the present day water
table (see Section 4.2.2.4). This allowance assists both the engineered and natural barriers to
work in combination to limit the possible annual dose released from the repository by providing
a standoff from the water table. In addition, the emplacement area is located at least 200 meters
below the directly overlying ground surface (see Section 4.2.2.9). The identified limits for
repository siting include limiting the emplacement areas to within the characterized area,
locating the emplacement level at least 200 meters below the directly overlying ground surface
(see Section 4.2.2.9), and providing minimum standoffs from the top of the groundwater table
and the main trace of Type I faults (see Section 4.2.2.4). The identification and classification of
Type 1 faults are discussed in more detail in Section 6.2.2.1.

The geologic boundaries as they relate to the planning layout in a plan view are shown in
Figure 5. The figure shows a visual representation of where the groundwater table and
overburden contour limit the extent of the planning layout. The figure also shows a
representation, as depicted by VULCAN v3.4, of the rock units in which the three-dimensional
planning layout will be situated.

The repository footprint is located entirely within the lower part of the TSw1 unit and the entire
TSw?2 unit of the characterized area (see Section 4.2.2.8). The excavation percentages of the
potential repository in each of the geologic rock units are listed in Table 18. The tptpll rock unit
is the lower lithophysal zone of the crystal-poor Topopah Spring Tuff, the tptpln rock unit is the
lower nonlithophysal zone of the crystal-poor Topopah Spring Tuff, and the tptpmn rock unit is
the middle lithophysal zone of the crystal-poor Topopah Spring Tuff. These excavation volumes
were extracted from Subsurface Facility Planning Layout in Support of ANL-SFS-MG-000001
REV 00 (CRWMS M&O 2000aa) using VULCAN' v3.4 and the percentages were then
calculated.
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Table 18. Percentage of Excavation in Various Rock Units

Percent Excavation in Geclogic Unit

Area tptpmn tptpll tptpln Total
Volume (m°) % Volume (m") % Volume (m®) % Volume (m°) %
Emplacement Difs 1 | 50500 | 85 | 24268439 | 804 | 3345030 | 111 | 30175991 | 1000
through 58
EmplacementDrifts 1 | 560500 | 80 | 25406877 | 796 | 3935238 | 123 | 31,904,638 | 99.9°
through 63
Emplacement Drifts 00 | 3419377 | 462 | 3984786 | 538 | 7.404163 | 100.0

64 through 90 :
Total Primary Area 2,562,522 6.5 28,826,255 73.3 7.920,025 20.1 39,308,801 99.9°

Does not total 100 percent due to rounding.

6.2.2.1 Faults

The report NUREG-1451, Staff Technical Position on Investigations to Identify Fault
Displacement Hazards and Seismic Hazards at a Geologic Repository (McConnell et al. 1992,
p. 5) defines Type I faults as

“Faults or fault zones that are subject to displacement and of sufficient length and
located such that they may affect repository design and/or performance. As such,
they should be investigated in detail. Only faults that are determined to be Type I
are of regulatory concern, because it is those faults, both inside and outside the
controlled area, that may require consideration in repository design, or could have
an effect on repository performance, or could provide significant input into
models used to assess repository performance.”

Fault displacement hazard results have indicated two sites, Bow Ridge and Solitario Canyon, that
have a higher hazard of fault displacement, as indicated in Table 19 (CRWMS M&O 1998b,

pp. 4-7 to 4-9).

Table 19. Calculated Fault Displacements

Displacement for 10~ Annual Displacement for 10°
Fault Probability Annual Probability Type | Fault
Bow Ridge <1cm 12 cm Yes
Solitario Canyon <1icm 30cm Yes
Dritl Hole Wash <1cm <1cm No
Ghost Dance <1cm <tcm No
Sundance <1cm <1cm No
Source: CRWMS M&O 1998b, pp. 4-7 to 4-9

The only Type I fault identified in the immediate area of the repository is the Solitario Canyon
fault, which defines the western edge of the repository, using a 60-meter standoff (see
Section 4.2.2.4). The Bow Ridge Fault is not in the immediate area of the repository and,
therefore, will not impact the subsurface layout. Although Ghost Dance Fault and Abandoned
Wash Fault are in the vicinity of the Subsurface Facility, these faults have not been identified as
Type I faults. Since the faults in the vicinity of the repository have not been classified as Type I,
geologic standoff-distances to emplaced WPs (see Section 4.2.2.5) will not be required. Figure 6
identifies the faults, located in the vicinity of the repository block, and their relative locations to
the repository blocks as depicted by VULCAN v3.4.
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6.2.2.2 Rock Mass Jointing

Rock mass joints are natural occurring fractures that are usually planar and frequently occur in
parallel sets. Joint planes introduce a strong directional weakness that increases the potential for
the formation of blocky ground and, therefore, the orientation of the joint sets is important to
drift stability. It has been determined that the emplacement drifts should be oriented at least
30 degrees from dominant joint orientations (see Section 4.2.1.7). Based on the dominant joint
orientation and a minimum offset criterion of 30 degrees between the joint strike and drift
orientation, a reorientation of the emplacement drifts to an azimuth of 252 degrees was suggested
in TBV-361 Resolution Analysis: Emplacement Drifi Orientation (see Section 6.2.1.2). This
emplacement drift orientation will be used in the configuration of the Subsurface Facility as
shown in the planning layout (see Figure 3).

6.2.3 Thermal Design and Operational Interface

The thermal design of the emplacement drifts interfaces with the Subsurface Facility and
Subsurface Ventilation Systems. The spacing and location of emplaced WPs and the control of
heat from the WPs are aspects of the thermal loading performance. The following sections
outline the thermal modeling and analysis supporting the Subsurface Facility and Subsurface
Ventilation Systems.

6.2.3.1 Assumptions Used to Describe the Thermal Model

The ANSYS Thermal Calculations in Support of Waste Quantity, Mix and Throughput Study
(CRWMS M&O 1999g, p.19) used several assumptions that formed the basis for that
calculation and are important to be recognized in the discussion of the thermal strategy for this
document.

The ANSYS assumptions include the following:

Emplacement drifts are located in the Tptpll geologic unit

Spacing between the WPs is 10 centimeters v
Waste inventory is loaded into all of the emplacement drifts simultaneously
Initial heat load is generated from the total inventory

Representative emplacement drift in the model is 600 meters in length.

It was assumed that the waste inventory is emplaced in 24 years and is followed by an additional
26 years of preclosure ventilation. This results in closure at 50 years, after initial waste
emplacement.
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6.2.3.2 Average Thermal Load

The repository emplacement drift average thermal load is calculated based on a 10-centimeter
spacing between the WPs as specified by the criterion for the WP spacing (see Section 4.2.1.4).
The heat output for the 70,000 MTU and 97,000 MTU inventories have been calculated using
input from Section 4.1.3 and are shown in Table 20. The total heat outputs for each inventory
was calculated by determining the heat outputs associated with each WP type (i.e., multiply the
WP quantity by the heat output per WP for each WP type) and then the individual heat outputs
per WP type were summed. The 70,000 MTU waste inventory applies 79,772.46 kW (see
Table 20) of heat over 56,222 meters (see Section 6.3.1) of emplacement drift for an average
thermal load of 1.42kW/m to the repository emplacement drifts. The 97,000 MTU waste
inventory applies 105,5883.61 kW (see Table 20) of heat over 74,214.2 meters (see
Section 6.4.1) of emplacement drift for an average thermal load of 1.43 kW/m to the repository
emplacement drifts. An average thermal load of 1.45 kW/m was selected to bound the 1.42
kW/m for the 70,000 MTU case and the 1.43 kW/m for the 97,000 MTU case. This bounding
value of 1.45 kW/m satisfies the requirement for a maximum linear heat load of 1.5 kW/m (see
Section 4.2.1.4).

Table 20. Heat Output Calculations

WP Description Heat Output 70,000 MTU Inventory 97,000 MTU Inventory
per WP (kW) WP Heat Output wP Heat Output
Quantities (kW) Quantities (kW)

21 PWR Absorber Plates 11.330 4,299 48,707.67 5,690 64,467.70
21 PWR Control Rods 3.260 95 309.70 106 345.56
12 PWR Absorber Plates Long 8.970 163 1,462.11 293 2,628.21
44 BWR Absorber Plates 7.000 2,831 19,817.00 3,732 26,124.00
24 BWR Absorber Plates 0.540 84 45.36 98 52.92
5 IPWF 2.450 95 232.75 127 311.15
5 DHLW Short/1 DOE SNF Short 2.575 1,052 2,708.90 1,403 3,612.73
5 DHLW Long/1 DOE SNF Long 2.575 1,406 3,620.45 1,874 . 4.825.55

| 2 MCO/2 DHLW Short 1.230 149 183.27 199 244.77
5 HLW Long/1 DSNF Short 2.575 126 324.45 167 430.03
HLW Long Only 2.450 584 1,430.80 780 1,911.00
Naval Short 3.100 200 620.00 200 620.00
Naval Long 3.100 100 310.00 100 310.00
TOTALS 11,184 79,772.46 14,769 105,883.62

Note: WP heat outputs and inventories are documented in Section 4.1.3

6.2.3.3 Maximum Thermal Output of a Waste Package

In the designated waste inventory, the 21 PWR absorber plate WP has the highest average WP
heat output of 11.330 kW (see Section 4.1.3). The maximum WP thermal output is restricted to
11.8 kW at the time of emplacement (see Section 4.2.4.14). The WP inventory and WP loading
must be controlled to produce a maximum thermal output of 11.330 kW + 0.47 kW to stay
within the design criterion. :
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62.3.4 Heat Removal by the Ventilation System

The MGR ventilation system must remove 70 percent of the heat generated by the waste during
the preclosure period (see Section 4.2.4.15). The preclosure period is_described as closing as
early as 30 years after emplacement of the last WP (see Section 4.2.4.13).

The rate of heat removed by the ventilation system must be calculated for both a ventilation
period of 50 years and 30 years of continuous ventilation. These calculations will represent the
heat removal rates for the first and last emplacement drifts respectively.

Table 21 outlines the summary of the heat removal rates calculated for a 600 meter long
emplacement drift with a continuous ventilation rate of 15m’/s. Table 22 outlines the
calculations of the heat generated from the WPs in an emplacement drift. Table 23 outlines the
calculation of the heat removed by the ventilation system.

Table 21. Summary of Heat Removal Rates

Time Heat Removal Rate (q-rm) in Individual Segment, kW Total Rate
After of Heat
E";’;g‘: t | 6-.100m | 100-200m | 200-300m | 300-400m | 400-500m | 500 -600m fzf;“:(‘)’:;
drift (kW)
[a] [b] [c {d] fe] {f] [g=atb+c+d+
e+f]
) 0.00
0.0001 56.31 5637 5631 5631 56.31 56.31 337.86
1 92.16 77.08 64.46 53.91 25.00 37.71 370.41
5 105.36 98.79 9164 84.27 76.92 69.78 526.76
10 98.65 96.11 93.22 89.85 86.07 82.00 545.80
15 90.35 88.78 87.13 85.32 83.30 81.13 516.01
20 83.04 81.76 80.50 79.18 7777 76.34 278.61
26 76.22 7522 7421 73.16 72.07 70.08 241,86
30 70.66 69.77 68.87 67.96 67.04 66.11 210.41
0 64.13 6362 63.03 62.42 61.76 61.00 376.05
50 55.97 55.95 5582 5563 55.40 55.09 333.86

Source. Heat Removal Rates from Section 4.1.6.1

Table 22. Heat Generated from WPs in an Emplacement Drift

Time Thermal Rate of Heat | Rate of Heat | Average Rate of Heat (Energy) Generation
Step, Year | Decay (%) Generation Generation | Heat Generation (GJ/600m)
{kW/m) (kW/600m) (kW/600m)
hl [i] [j =600 x i ikl il = (kI*([Current Time Step}-
, average {j} over [Previous Time Step])
time *[365*24*3,600 seconds/year]
0 100 1.5473 928.38
0.01 100 1.56473 928.38 928.38 2.93
1 96.99 1.5008 900.48 914.43 28,834.58
5 87.93 1.3605 816.30 858.39 108,280.75
10 79.35 1.2278 736.68 776.49 122,436.94
15 72.23 1.1177 670.62 703.65 110,951.53
20 66.23 1.0248 614.88 642.75 101,348.82
26 59.89 0.9412 564.72 589.8 111,599.60
30 56.11 0.8682 520.92 542.82 68,473.49
40 48.24 0.7464 447 84 484.38 152,754.08
50 41.94 0.6490 389.40 418.62 132,016.00
Source: Thermal Decay and Rate of Heat Generation from Section 4.1.6.1
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Table 23. Heat Removed by the Ventilation System

Time Step, Total Rate of Heat Average Rate of Heat Heat (Energy) Removal (GJ/600m)
Year Removal from 600m Removal (kW)
- drift (kW)
[9] [m] ]
see Table 21 average [g] over time [m]*({Current Time Step]-[Previous Time
- Step])*[365*24*3,600 seconds/year]
0 0.00 : 0.00
0.0001 337.86 168.93 0.53
1 370.41 354.14 11,167.04
5 526.76 448.59 56,586.94
10 545.80 536.28 84,560.63
15 516.01 530.91 83,713.89
20 478.61 497.31 78,415.84
26 441.86 460.24 87,084.77
30 410.41 426.14 53,755.00
40 376.05 393.23 124,009.01
50 333.86 354.96 111,840.18

The total heat generated by the WPs is 651,928.64 GJ and 936,698.72 GJ for 30 years and
50 years of continuous ventilation respectively. The total heat removed by the ventilation system
is 455,284.64 GJ and 691,233.84 GJ for 30 years and 50 years of continuous ventilation
respectively.

The heat removal percentage is calculated as the heat removed by the ventilation system divided
by the heat generated from the WPs, then this ratio is multiplied by 100. This results in a heat
removal percentage of 70 percent and 74 percent for 30 years and 50 years of continuous
ventilation respectively.  This indicates that the first emplacement drift will receive
approximately 74 percent heat removal and the last emplacement drift will receive approximately
70 percent heat removal. The overall repository average heat removal percentage can then be
calculated as 72 percent, which satisfies the criterion stating the ventilation system must remove
70 percent of the heat generated by the waste with a preclosure period of 50 years.

6.2.3.5 Preclosure Maximum Drift Wall Temperature

The design of the emplacement drift system must limit the emplacement drift wall temperature to
96 degrees Celsius or less during the preclosure period (see Section 4.2.4.17). The peak drift
wall temperature during preclosure, with 15 m°/s airflow rate, is 79 degrees Celsius at a thermal
loading of 1.4kW/m. With a 1.6 kW/m thermal load, the peak drift wall temperature is
87 degrees Celsius (CRWMS M&O 1999g, Table 6-2, p. 38) as documented in Section 4.1.6.2.
Since a thermal load of 1.45 kW/m for emplacement drifts is bounded by these limits, this shows
that the criterion of the preclosure drift wall temperature not exceeding 96 degrees Celsius can be
met.

6.2.3.6 Postclosure Maximum Drift Wall Temperature Goal
The performance goal for the postclosure emplacement drift wall temperature (see

Section 4.2.4.19) states that the emplacement drift wall temperature should remain below
96 degrees Celsius following repository closure, based on nominal/expected values of repository
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closure. Figure 7 illustrates the drift wall temperature with respect to years of continuous
ventilation for the 1.4kW/m thermal load case with 70 percent heat removal
(CRWMS M&O 1999¢g, Table 6-3, p. 39) as documented in Section 4.1.6.2. The SR design with
a thermal load of 1.45 kW/m would result in a higher drift wall temperature than that for a
thermal loading of 1.4 kW/m. This would indicate that the post closure drift wall temperature
would remain at 96 degrees Celsius with approximately 175 years of continuous ventilation. The
current design indicates a preclosure period of 50 years, and therefore this goal has not been
achieved. '
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Figure 7. Peak Drift Wall Temperature With Respect to Continuous Ventilation

6.2.3.7 Postclosure Maximum Quarter Pillar Temperature

During the postclosure period, the temperature of 50 percent of the pillar width must be limited
to less than or equal to 96 degrees Celsius (see Section 4.2.4.18). The 50-percent pillar width
can be described in the following manner. Given that the emplacement drift diameter is
nominally 5.5 meters (see Section4.2.1.3) and the nominal emplacement drift spacing is
81 meters (see Section4.2.1.5), it follows that the pillar width is 75.5 meters. Therefore,
one-half of the pillar width, the area of interest, is 37.75 meters. This area is located in the center
portion of the pillar. As a result, the radial distance from the emplacement drift wall to the
Ya pillar interface is 18.9 meters. Information generated using NUFT 3.0 shows that the % pillar
temperature remains below 96 degrees Celsius for the 1.45 kW/m thermal load with 15 years of
continuous ventilation (see Section 4.1.6.4) and, therefore, the criterion can be satisfied.
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6.2.3.8 Postclosure Maximum Drift Wall Temperature

The maximum allowable drift wall temperature for the postclosire period is not to exceed
200 degrees Celsius (see Section 4.2.4.10). The input transmittal Postclosure Peak Drift Wall
Temperatures, as documented in Section 4.1.6.3, shows that the peak drift wall temperature
would be approximately 193 degrees Celsius for closure after 30 years of continuous preclosure
ventilation in the 1.45 kW/m thermal load and 70 percent of the WP heat removed case. The
criterion for keeping the drift wall temperature below 200 degrees Celsius during the postclosure

period is satisfied.
6.2.3.9 Not Used
6.2.3.10 Thermal Load on Geologic Units

The temperature of the zeolite layers, located 170 meters or further beneath the emplacement
area horizon, is not to exceed 90 degrees Celsius (see Section4.2.4.4). In addition, the
temperature of the PTn geologic unit is required to be less than 96 degrees Celsius (see
Section 4.2.4.6). Using the information from the ANSYS Thermal Calculations in Support of
Waste Quantity, Mix and Throughput Study (CRWMS M&O 1999g, Table 6-3, p.39) as
documented in Section 4.1.6.2, a trend can be established to evaluate these requirements.

The most extreme rock temperatures modeled for removal of 70 percent of the heat generated by
the waste is within the pillar of adjacent emplacement drifts and the maximum temperatures
occur at 26 years of continuous ventilation. For the 1.4 kW/m thermal load, the intercept values
for the drift wall temperature are 202 degrees Celsius and at the drift wall; at 7.5 meters into the
pillar, the temperature is 116 degrees Celsius; and at the mid-pillar distance of 40.5 meters, the
temperature is 99 degrees Celsius. Similarly, for the 1.6 kW/m thermal load, the temperature
values are 229, 130, and 107 degrees Celsius, respectively. Figure 8 shows the curve plot.
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Figure 8. Peak Rock Temperature Gradient
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By observation, the trend for the 1.4 kW/m thermal load indicates that the temperature gradient
intersects the 96 degrees Celsius threshold at approximately 48 meters. Similarly, for the
1.6 kW/m thermal load, this distance is 57 meters. A thermal load of 1.45kW/m for the
emplacement drifts would be bounded by these limits. The PTn geologic unit is approximately
165 meters above the repository horizon (CRWMS M&O 1999g, Table 5-2, p. 22, Table 5-3,
p. 23) as documented in Section 4.1.6.2. Therefore, the criterion of limiting the temperature to
96 degrees Celsius in the PTn geologic unit should be satisfied.

The same approach is applied to the zeolite layer using the same curve but examining the
distances for a rock temperature of 90 degrees Celsius. By observation, the trends for 1.4 kW/m
thermal load indicate that the temperature gradient crosses the 90 degrees Celsius threshold at
approximately 57 meters. Similarly, for the 1.6 kW/m thermal load the distance is 68 meters. A
thermal load of 1.45 kW/m for emplacement drifts would be bounded by these limits. Since the
zeolite layer is located approximately 170 meters beneath the emplacement area horizon, the
zeolite layer temperature should not exceed 90 degrees Celsius.

6.2.3.11 Permissible Temperature Change Below Soil Surface

The change in temperature, at 45 centimeters below the soil surface above the potential
repository, is to be limited to 2 degrees Celsius above what was established as the naturally
occurring pre-emplacement average annual ground surface temperature. Specifically, this is in
the area directly above the emplaced WPs and extends 500 meters beyond the edge of the
emplaced WPs (see Section 4.2.4.5). Analyses have not yet been completed that address this
criterion.

6.2.3.12 TSwl Thermomechanical Unit Differen:ial Uplift

The MGR must be designed such that the differential uplift measured between the top of the
TSw1 thermomechanical unit above the repository and the TSwl thermomechanical unit at the
preclosure controlled area boundary is less than 1 meter (see Section 4.2.4.8). It can be inferred,
with reasonable confidence, that differential uplift in the TSw1 will be less than 1 meter. This is
based on the Repository Ground Support Analysis for Viability Assessment study
(CRWMS M&O 1998¢c). This analysis described the expected ground movement as a result of
the 85 MTU/acre areal mass load for the Viability Assessment repository design. In the Viability
Assessment repository design, the unsupported non-emplacement drift vertical deflection ranges
from 3 mm to 10 mm and the maximum horizontal deflection is approximately 15 mm (see
Section 4.1.6.5). Since the areal mass load of the SR repository design is significantly lower at
approximately 56 MTU/acre (see Sections 6.3.1 and 6.4.1), it can be expected that the ground
" Jeflection will not exceed the differential uplift limit in the TSw1 geologic unit.

6.2.3.13 TSwl Thermomechanical Unit Differential Uplift Rate
The system shall be designed such that the differential uplift measured between the ground

surface above the repository and the ground surface at the preclosure controlled area boundary is
less than 0.5 cm/year (see Section4.2.4.21). Based on the discussion presented 1n
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Section 6.2.3.12 it would be unlikely that this measurable uplift will be of concern, but further
analyses will need to be completed for confirmation.

6.2.4 Ventilation Design and Operational Interface

The overall ventilation strategy dictates the ventilation airway sizes for the Subsurface Facility.
This section will discuss the ventilation system interfaces with the subsurface layout as detailed
in Attachment IV and addresses the interfacing criterion outlined in Section 4.2.4.1.

In order to support the 15 m>/s (see Section 6.2.3.4) airflow volume to each emplacement drift
split, four intake shafts (see SectionIV.5.1), one Development/Intake Shaft (see Section IV.5.1),
and six exhaust shafts (see SectionIV.5.2) are required in the planning layout (see Figure 3).
The intake shafts and the Development/Intake Shaft are required to supply ventilation air to the
subsurface areas in addition to the air supplied by the North and South Ramps.

The intake shafts and exhaust shafts are located in the Emplacement Area within the pillar of
adjacent emplacement drifts. The intake shafts are connected to the East and West Mains via an
intake shaft access to distribute the ventilation air to each side of the emplacement drifts (see
Section IV.1). The exhaust shafts are connected to the Exhaust Main via two exhaust shaft
accesses (see SectionIV.6). A Development/Intake Shaft is located in the vicinity of the South
Main and is connected to the South Main and West Main via two access drifts. The shafts have
been located at the coordinates listed in Table 24 such that the shaft collars are outside the
probable maximum flood areas (see Section 4.2.2.3) and avoid steep terrain that would require
extensive earth moving for pad and road construction. A more detailed shaft siting analysis may
be required to confirm the shaft collar locations.

The shafts have been sized at an excavated diameter of 8 meters (see Attachment [V,

Section IV.7) to accommodate the required airflow volumes for the subsurface operations. The
repository ventilation system design will be addressed in other analyses.

Table 24. Shaft Coordinates

Description Northing (m) Easting {(m)
Intake Shaft 1 235,775 171,300
Intake Shaft 2 233,900 : 171,000
Intake Shaft 3 232,750 171,150
Intake Shaft 4 228,625 ' 170,825

Development/Intake Shaft 230,450 170,700
Exhaust Shaft 1 235,825 170,675
Exhaust Shaft 2 234,100 - 170,400
Exhaust Shaft 3 232,650 170,350
Exhaust Shaft 4 231,175 170,500
Exhaust Shaft 5 229,050 170,550
Exhaust Shaft 6 228,300 170,550

Ventilation raises located in the emplacement drifts, cross-block drifts, standby drifts, and Test
and Evaluation Facility headings, will connect the headings to the Exhaust Main below the
repository. A raise bore machine will be used to excavate the raises to a diameter of 2 meters
(see Section 5.2.7.10) from the crown of the Exhaust Main to the upper headings. The raises
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serve as ventilation airways for emplacement operations and for Test and Evaluation Program
activities.

The Exhaust Main can be partitioned in order to separate the heated exhaust air exiting the
emplacement drifts from the cooler service air exiting from headings such as the Test and
Evaluation Facilities, the standby drifts, and the cross-block drifts (see AttachmentIV,
Section IV.3). Since the WPs will only be temporarily located in the standby drifts, the exhaust
air from these drifts will be lower than that of an emplacement drift This partitioning of the
Exhaust Main may be necessary since it is assumed that personnel access will be required to
service the ventilation controls (see Section 5.2.7.5) and the exhaust air exceeding 48 degrees
Celsius needs to be isolated from areas requiring personnel access (see Section 4.2.4.12). One
side of the Exhaust Main can accommodate the ventilation controls at the emplacement drift
raises as well as exhausting the cooler service air. This side of the Exhaust Main is referred to as
the service side. The other side of the Exhaust Main can exhaust the heated air exiting the
emplacement drifts and the postclosure test drifts. This side of the Exhaust Main is referred to as.
the exhaust side.

6.2.4.1 Simultaneous Development and Emplacement Operations

For some period of time, the Subsurface Facility is concurrently developed while the
emplacement operations are ongoing. The concept of ventilating both the development side and
the emplacement side is similar to the concepts developed in the Overall Development and
Ventilation Systems (CRWMS M&QO 1997b, Sections 7.7 and 7.8) and is further discussed in this
section as it applies to the planning layout.

The ventilation system during this overlap period will be composed of two separate systems: the
development-side ventilation system and the emplacement-side ventilation system. An isolation
barrier will physically separate the two systems. The development side ventilation system is a
positive pressure system, where air is blown into the development side through the
Development/Intake Shaft and from there, to the working areas. The development air is then
exhausted out the South Ramp.

While development is on going, both the Development/Intake Shaft and the South Ramp will be
required for the development ventilation system; these cannot be used by the emplacement-side
ventilation system to supply air to the emplacement areas. The emplacement-side ventilation
system is a negative pressure system, where the air is drawn into the emplacement side through
the intake shafts and the North Ramp. The East and West Mains then distribute the air to the
emplacement drifts from the main intake airways. The airflow in each emplacement drift travels
from the East and West Mains to a central raise into the Exhaust Main, and from there, out to the
exhaust shafts. On the development side, the fans are located at the intake (Development/Intake
Shaft) and on the emplacement side, the fans are located at the exhaust (the exhaust shafts).

6.2.4.2 Emplacement Ventilation

The subsurface openings are configured in such a manner that the ventilation intake air enters an
emplacement drift from two directions, referred to as drift splits, and exhausts through a
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ventilation raise into the Exhaust Main. The subsurface openings or headings requiring
ventilation have been separated into drift splits as listed in Table 25.

Table 25. Drift Splits Requiring Ventilation

Heading Description Number of Drift Splits
70,000 MTU Case 97,000 MTU Case
ECRB 2 2
Test and Evaluation Facility ODs 5 7
Standby Drifts 4 4 .
Cross-block Drifts 6 8
Test and Evaluation Facility Postclosure Test Drifts 2 2
Emplacement Drifts 104 160
Contingency 12 20

The emplacement intake air enters the Subsurface Facility through an intake shaft, or ramp and is
split between two intake shaft accesses with a 7.62-meter excavated diameter (see Section I'V.1).
The intake air then splits into the East and West Mains and subsequently, a 15 m’/s airflow
volume (see Section 6.2.3.4) enters each emplacement drift from both the east side and west side.
The emplacement drift airflow then exhausts through a ventilation raise into the Exhaust Main,
with an excavated opening diameter of 7.62 meters (see Section IV.3). From the Exhaust Main,
the air enters one of two exhaust shaft accesses with an opening profile of 8 meters wide by
8.5 meters high (see Section IV.6) and exits the Subsurface Facility through an exhaust shaft.

The detailed airflow distribution for the Subsurface Facility is further discussed in
Attachment IV, Sections IV.4 and IV.5.

6.2.5 Drainage Control

A number of factors affecting the overall drainage pattern of the Subsurface Facility must be
incorporated into the repository layout. These factors are:

e The ramps providing access to the Subsurface Facility must have an initial upward
grade of at least one percent for at least the first 10 meters of the entranceway (see
Section 4.2.1.6) to limit water inflow into the ramp and, subsequently, into the
Subsurface Facility.

e The entrance to all surface openings to the Subsurface Facility must be located
outside the probable maximum flood areas (see Section 4.2.2.3).

e The overall grading of the Subsurface Facility openings must provide drainage
control such that any accumulation of water is away from the emplacement areas (see
Section 4.2.2.7).

e Water entering the emplacement drifts will be allowed to drain directly into the
surrounding host rock without having to drain along the drift for collection in a
centralized area (see Section 5.1.4).
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The first two requirements provide against the possibility of surface floodwater entering the
Subsurface Facility. The existing North and South Ramps are the only ramp accesses to the
Subsurface Facility. The South Ramp has been designed and excavated to provide a 2 percent
gradient for a minimum of 10 meters (33 feet) inside the tunnel to preclude the introduction of
Probable Maximum Flood storm water to the subsurface (CRWMS M&O 1996, p. 1-3). The
North Ramp starter tunnel, STA 00+00 to STA 00+60, as shown in Figure 1, has been excavated
at a flat grade and a step up of 0.432 meters. Although the North Ramp starter tunnel does not
physically have a minimum grade of one percent, the invert and finishing work in the tunnel can
accommodate this requirement. The locations of the remaining surface openings, namely the
ventilation shafts are discussed in Section 6.2.4.

The overall grading of the Subsurface Facility, excluding the emplacement drifts, diverts any
water entering the Facility away from the emplacement drifts and to the shaft sumps for removal
to the surface during preclosure, as shown in Figure 9. The gradients in all sections of the mains
and ramps have also been configured to allow rail transportation within the opening (see
Section 4.2.4.2). The actual grades within the subsurface openings are documented in
Attachment II. The 0.8-meter step at the transition of the emplacement drift and the turnout (see
Section 6.2.1.2) also prevents water inflow into the emplacement drifts.

The assumption for having water in the emplacement drifts drain directly into the host rock (see
Section 5.1.4) indicates that the emplacement drifts are excavated at a zero percent gradient.

6.2.6 Surface-Based Boreholes

There are 15 surface-based boreholes in the vicinity of the planning layout (see Section 4.1.2 and
Attachment III). The locations of the borehole collars are shown in Figure 10. The design of the
layout must allow at least a 5-meter standoff from the edge of the WPs to the perpendicular
projection of the centerline of a surface-based borehole if the borehole intercepts the drift or
comes within 5 meters of the edge of the drift (see Section 4.2.2.6). In order to determine the
perpendicular projection of the borehole at the repository elevation, deviation surveys for these
boreholes are required. Since these deviation surveys are not available at this time, this
requirement cannot be fully addressed in this analysis. The maximum impact this criterion could
have on the emplacement area definition as outlined in this analysis is 150 meters (15 boreholes
with 5 meter standoffs to two WPs) of unusable emplacement drift length that is currently
included in the design. This equates to approximately 0.2 percent of the 86,777 meters (see
Section 6.2.1.2) of available emplacement drift length in the planning layout (150 meters divided
by 86,777 meters, multiplied by 100). Future analyses using the actual borehole deviation
surveys will determine the actual impact of this criterion on the Subsurface Facility design.
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6.2.7 Radiological Safety

Radiological safety is one of the most important aspects of the repository and the MGR must
comply with the applicable provisions of the “Standard for Protection Against Radiation”
(10 CFR 20) (see Section 4.3.3). Since personnel will be frequently travelling in the mains,
potential radiological exposure should be kept as low as reasonably achievable. Since individual
WPs will not provide sufficient shielding for personnel protection (see Section 5.1.1), the
turnouts have been configured to aid in increasing radiological protection in the mains. The
turnout configuration has been designed to eliminate the direct line of radiation from entering the
main (see Section 5.2.3). The length of the turnout also provides an increase in radiological
protection, as distance is one of the best sources of protection. A typical turnout is illustrated in
Figure 4, showing the design configuration and elimination of the direct line of radiation entering
the main.

Emplacement drift doors are also located within the emplacement drift tumnouts (see
Section 5.1.2). These doors serve to limit personnel access to the emplacement drifts after waste
has been emplaced in a drift. The placement of the doors in the emplacement drift turnout is
discussed in more detail in Section 6.2.1.2.

The Exhaust Main is partitioned to separate the heated exhaust air exiting the emplacement drifts
from the cooler service air exiting from headings such as the Test and Evaluation Facilities and
the cross-block drifts (see Section 6.2.4). The ventilation controls from the emplacement drift
ventilation raises are accessed through the service side of the Exhaust Main. This arrangement in
the Exhaust Main serves to isolate personnel from the exhaust from the emplacement drifts.

Although the unrestricted radiation level (see Section 4.2.2.1) and the restricted-access fadiation
level (see Section 4.2.2.2) have not yet been determined and will be calculated in future analyses,
it is not anticipated that these calculations will adversely impact the design of the Subsurface
Facility.

6.2.8 Non-Nuclear Safety

The design, construction, and development of the Subsurface Facility is governed by two
occupational health and safety standards, the “Occupational Safety and Health Standard”
(29 CFR 1910) and the “Safety and Health Regulations for Construction” (29 CFR 1926); see
Sections 4.3.1 and 4.3.2. The applicability of, and adherence to, these standards will be
addressed in future analyses.

The layout of the Subsurface Facility is required to provide two or more separate, properly
maintained escapeways to the surface from the lowest levels that are so positioned that damage
to one escapeway will not lessen the effectiveness of the others (see Section 4.2.3.1). The
existing North and South Ramps provide the minimum required escape routes from the primary
area to the surface. :
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Within the Subsurface Facility, personnel refuge chambers will also be required (see
Section 4.2.3.2). Personnel refuge chambers can serve multiple personnel functions other than
emergency refuge, such as first aid stations, temporary offices, and lunchrooms. These
personnel refuge chambers will be located at a maximum of 2,100 meters from an adjacent
personnel refuge chamber or the nearest escapeway such that personnel can reach a refuge
chamber within 30 minutes (see Section 4.2.3.3). The location and specifics of the personnel
refuge chamber design and locations within the Subsurface Facility do not affect the design of
the overall Subsurface Facility and will be addressed in future analyses.

6.2.9 Constructibility

The layout is influenced by practical limitations imposed by the operating requirements and
performance characteristics of the equipment and methods selected for construction of the
repository. The size, configuration, and operating requirements of the construction equipment
will provide restrictions on the size and shape of the excavated openings and the general
arrangements possible for the layout (see Section 4.2.4.9).

The construction methods and equipment, construction sequence, and equipment productivity
must be considered to ensure the overall constructibility of the planned layout. The layout
design seeks to minimize the number and size of the openings needed to accommodate waste
emplacement operations and to utilize completed drifts in an efficient manner to help the
construction process. This section discusses the planned construction approach and its influence
on the repository layout.

The excavation methods for developing the Subsurface Facilities are outlined in the Summary of
the Subsurface Excavation SDD (CRWMS M&O 1999, p. 5). The excavation methods include
mechanical excavation (using TBMs, roadheaders, raise-borers, and drills), although drilling and
blasting methods may be used for special applications. The main ESF openings, the North
Ramp, Main Drift, and South Ramp were excavated by a 7.62-meter diameter TBM (see
Section 6.2.1). Similar methods will be used for repository construction and development,
although drill and blast methods may be used. These methods will be strictly limited to areas
where mechanical methods are clearly impractical. The majority of the repository openings will
be excavated by TBM, which require long and relatively straight tunnels for efficient operation.
Both the 7.62-meter and the 5.5-meter TBMs will be designed for transportation through
completed tunnels.

Pre-excavated chambers are required to assemble and launch, as well as recover and
disassemble, the 7.62-meter TBM, which will excavate the ramps and mains, and the 5.5 meter
TBM which will excavate the emplacement drifts, standby drifts, cross-block drifts, and Test and
Evaluation drifts. For the ramps and mains, the assembly and disassembly chambers are located
as needed to support the desired construction sequence. The emplacement drift turnouts that are
required for the waste emplacement operations would serve as the launch chambers on the east
side and recovery chambers on the west side for the 5.5-meter TBM. For the Test and
Evaluation drifts located above and below the repository block, assembly chambers will be
excavated as needed. The 5.5-meter TBM will be designed to back out of a completed Test and
Evaluation drift so disassembly chambers will not be required. The locations and sizes of the
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assembly and disassembly chambers will be presented in future analyses. The specifics of these
chambers do not affect the layout of the Subsurface Facility.

The TBM assembly and disassembly chambers, the emplacement drift turnouts, and other
miscellaneous access drifts will be excavated by either roadheader or drill and blast methods.
Roadheader productivity is low compared to that of a TBM and, for that reason, the use of these
machines for repository excavation will be limited to short openings. The crawler-mounted
roadheaders have the advantage over TBMs of greater mobility and the capability to excavate
openings with non-circular cross-sections. For this reason, they are better suited to excavating
turnouts and similar openings.

Typical drill and blast operations utilize several pieces of equipment, in sequence, to excavate.
The operations include drilling holes for explosives, loading the holes with explosives and
detonating them, ventilating the blast zone, muck removal, and rock support installation. This
operation may disturb the rock surrounding the opening and will not usually be used where

mechanical excavation methods are applicable.
6.2.9.1 Construction Sequence

The construction sequence and schedule for the Subsurface Facility indicate completion of the
pre-emplacement construction between the years 2005 and 2009 to ensure that the facility will be
ready to begin waste emplacement in 2010. The remaining development of the repository will
occur concurrently with emplacement, from 2010 to completion of the facility. Construction and
development of the repository will be accomplished in two general phases. The first. the
construction phase, will occur prior to the beginning of waste emplacement operations; the
second, the development phase, will occur concurrently with waste emplacement operations.

The construction phase will include partial excavation of the mains on the north end of the
repository block, excavation of the ventilation shafts required to support the first panel of several
emplacement drifts and ventilation raises that will accommodate the initial emplacement
requirements and support continued development. Isolation airlocks will be erected after the first
panel of emplacement drifts is finished to allow simultaneous emplacement and development
operations to proceed. Emplacement operations will use the first pane! of emplacement drifts on
the north side of the isolation airlocks while the next panel of emplacement drifts, ventilation
raises and the supporting main drift excavation is under development on the south side of the
airlocks. As a panel of emplacement drifts is completed, a new set of isolation airlocks will be
erected, the completed panel turned over to emplacement operations, and the previous set of
isolation airlocks dismantled. As each new panel is being developed, only sufficient excavation
is completed to support turnover of the next emplacement panel. In this way, the Facility will be
constructed in a manner that will permit construction in stages such that the maximum annual
funding requirements could be reduced (see Section 5.1.3). This will also facilitate the start of
operations concurrently with subsequent construction stages. '
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6.3 70,000 MTU LAYOUT DESCRIPTION

The MGR will be required to accept 70,000 MTHM or equivalent of SNF/HLW for disposal in
the primary area of the repository (see Section 42.1.1). The 70,000 MTU Layout for SR is
based on the planning layout as described in Section 6.2. For reference, the 70,000 MTU Layout
for SR is illustrated in Figure 11. ~

The 70,000 MTU Layout for SR will occupy the emplacement area up to Emplacement Drift 58
on the planning layout, which extends from the extreme north of the repository block to the
South Main. The required emplacement area calculations and details for the 70,000 MTU Layout
can be found in Section 6.3.1. The main drift excavation for this layout includes the North Main,
‘North Ramp Extension, East Main North Extension, and the South Main. The East Main South
Extension, West Main, and Exhaust Main will only be excavated up to the South Main. Details
of the main drifts and the design concepts have been outlined in Section 6.2.1.1.

The emplacement area will consist of 51 emplacement drifts for emplacement of the required
WP inventory, with Emplacement Drift 52 being excavated to accommodate an excavation
allowance to account for possible variances in the WP inventory (see Section 5.2.2). Also
included in the layout is a contingency area. Emplacement drifts will only be excavated in this
area if the intended emplacement area cannot be used due to unexpected ground conditions (see
Section 5.2.2) or for larger waste stream variations. This contingency area consists of
Emplacement Drifts 53 through 58. Details of the emplacement drifts and the design concepts
have been outlined in Section 6.2.1.2. '

The required emplacement length calculated to accommodate the WP inventory is 56,222 meters,
which indicates approximately 1,125 acres at an areal mass loading (AML) of approximately
56 MTU/acre, as calculated in Section 6.3.1.

Within the emplacement area, five standby and cross-block drifts will be excavated in this
scenario. The two standby drifts from the planning layout will be excavated between
Emplacement Drifts 6 and 7 and between Emplacement Drifts 19 and 20. Only three of the
cross-block drifts will be required, and located between Emplacement Drifts 9 and 10, between
Emplacement Drifts 22 and 23, and between Emplacement Drifts 36 and 37, as shown in
Figure 11. The details of the design concepts for the standby and cross-block drifts have been
outlined in Section 6.2.1.2.
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The Test and Evaluation Facility for the 70,000 MTU layout will consist of the postclosure test
drifts on the north end of the repository with their ODs, and the performance monitoring
Observation Drifts 2 and 3, along with the ECRB. Details and functions of the Test and
Evaluation Facilities have been outlined in Section 6.2.1.3.

Three intake shafts are required to supply the necessary ventilation flow rates to the Subsurface

Facility for the 70,000 MTU Case, in addition to the North and South Ramps (see Section 6.2.4).
The locations of the intake shafts are listed in Table 26.

Table 26. Intake Shaft Locations for the 70,000 MTU Case

Intake Shaft Number Northing (m) - Easting (m)
1 235,775 171,300
2 233,900 171,000
3 232,750 171,150

The Development Shaft, located in the vicinity of the South Main, provides intake airflow for the
construction and development operations in the Subsurface Facility (see Section 6.2.4), and will
not be required after construction is completed. The Development Shaft is located at
230,450 meters north and 170,700 meters east. Only Access 1 for the Development Shaft will
need to be excavated in the 70,000 MTU layout since the second access as shown in the planning
layout provides an airway into the West Main beyond the South Ramp, which is not required in
this scenario.

Three exhaust shafts are required to exhaust emplacement side air from the Subsurface Facility

for the 70,000 MTU Case (see Section 6.2.4). The locations of the exhaust shafis are listed in
Table 27.

Table 27. Exhaust Shaft Locations for the 70,000 MTU Case

Exhaust Shaft Number Northing (m) Easting (m)
1 235,825 170,675
2 234,100 170,400
3 232,650 170,350
4 (Contingency Only) 231,175 170,500

Exhaust Shaft 4, considered as a contingency in the 70,000 MTU layout, will only be required in
the event that excavation within the contingency area makes it necessary to support the
additional ventilation capacity.

6.3.1 Emplacement Area Determination
The WP inventory for SR as listed in Table 2 (see Section 4.1.3) will be used for defining the
emplacement area as opposed to the proposed WP characteristics presented in Section 4.2.1.2,

since the values listed in Table 2 are the basis for the Technical Baseline (Stroupe 2000,
Attachment 1, p. 1).
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The WPs will be emplaced in a line-loaded configuration (see Section 4.2.1.4) and this will
dictate the method of calculating the required emplacement length. The total length of the WPs
is calculated by multiplying the total number of WPs with the weighted average WP length,
shown in Table 28.

The WP total length is calculated by multiplying the total number of WPs (11,184) and the
weighted average WP length (4.927 meters).

WP Total Length = 11,184 WPs x 4.927 meters per WP

WP Total Length = 55,103.6 meters

The total WP spacing is calculated by multiplying the total number of WPs (1 1,184) and the WP
spacing of 0.1 meters (see Section 4.2.1.4).

11,184 WPs x 0.1 meters per WP
1,118.4 meters

Total WP Spacing
Total WP Spacing

I

The required emplacement length is calculated by adding the WP total length (55,103.6 meters)
and the total WP spacing (1,118.4 meters) to get 56,222.0 meters.

Table 28. Total Length of Waste Packages for the 70,000 MTU Case

Contribution to
WP Type Weighted
Number of WPs | Fraction of | WP Outer Length Average WP
WP Description® by WP Type® Total® (m)* Length (m)°
21 PWR Absorber Plates 4,299 0.384 5.06 1.945
_ Control Rods 95 0.008 5.06 0.043
12 PWR f‘grfgrbe’ Plates 163 0.015 5.54 0.081
44 BWR Absorber Plates 2,831 0.253 5.06 1.281
24 BWR Absorber Plates 84 0.008 5.00 0.038
5 IPWF ) 95 0.008 3.48 0.030
5 DHLW Short/1 DOE SNF Short 1,052 0.084 3.48 0.327
5 DHLW Long/1 DOE SNF Long 1,406 0.126 5.11 0.642
2 MCO/2 DHLW Short 149 0.013 511 0.068
5 HLW Long/1 DSNF Short 126 0.011 5.11 0.058
HLW Long Only 584 0.052 5.11 0.267
Naval Short 200 0.018 532 0.095
Long 100 0.009 5.96 0.053
TOTAL 11,184 1.000 4.927°
Notes:

3 WP descriptions defined in Section 4.1.3
® Number of WPs by WP type defined in Section 4.1.3
¢ WP fraction of total is calculated as the number of WPs, by WP Type, divided by
the total number of WPs (see Note ‘)
4 Outer WP length defined in Section 4.1.3
® Contribution to weighted average WP length is calculated by multiplying the WP
type fraction of total (see Note ) with the outer WP length (see Note 4
! Total number of WPs is the summation of the number of WPs by WP type (see Note °)
? Weighted average WP length is the summation of contributions to the weighted average WP length (see Note )
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By examining the available area in the planning layout as outlined in Attachment I, Table I-1, it
can be seen that 51 emplacement drifts, not including the 2 drifts for use as the postclosure
simulation drifts (see Section 6.2.1.3), will be required for emplacement of 70,000 MTU of
waste as illustrated in Figure 11. :

Two percent of the required emplacement drift length will be excavated in addition to the
required 51 emplacement drifts to ensure flexibility of the layout and to account for possible
anomalies in the waste inventory (see Section 5.2.2). This excavation allowance equates to an
additional 1,124.4 meters, for a total of 57,346.4 meters, and extends the excavation out to
Emplacement Drift 52. This additional drift, although it will be excavated, will not be used for
further emplacement area calculations.

A 10 percent contingency area (see Section 5.2.2) will be accommodated within the repository
layout. The contingency is calculated as 10 percent of the required emplacement drift length, or
an additional 5,622.2 meters. The contingency area will encompass emplacement drifts 53
through 58, for a total of 63,089.5 meters of available emplacement drift (see Attachment I).

The required emplacement drift length and the drift spacing can be used to calculate the total
available acreage in the layout:

Acreage = L (m) xﬁZDS (m) X —-—l—z——
43,5601/ 0.0929 M AZ
Where: L, = required emplacement drift length (m) and
DS = drift spacing (m).
When: L, = 56,222.0 meters and
DS = 81.0 meters (see Section 4.2.1.5),
56,222.0 meters x 81 meters | 1
Acreage = e X 5
m
43,5601/ 0.0929 Atz

Acreage = 1125.3acres

The layout supporting the 70,000 MTU will require approximately 1,125 acres to accommodate
the waste inventory.

The AML is calculated with the amount of MTU from commercial SNF only. The AML of the
repository layout can then be calculated as:
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Commercial SNF (MTU)

AML =
Acreage
Where: Commercial SNF = 63,000 MTU (see Section 4.2.1.1)
Acreage = 1,125 acres
AML = 63,000 MTU
1,125 acres

_ MTU
AML = 56.0 Acre

The repository layout to support the 70,000 MTU waste stream has an AML of 56 MTU/acre.

The 70,000 MTU layout must also be evaluated with respect to the design basis WP inventory
(see Section4.2.1.1). This WP inventory represents “not to exceed” values for each WP .
category that applies to the capability of the subsurface emplacement. The required length of
emplacement drift is calculated, based on these not to exceed values and compared to the
planning layout discussed in Section 6.2. The total length of WPs is calculated by multiplying
the total number of WPs with the WP length plus the gap length of 0.1 meters (see
Section 4.2.1.4), as shown in Table 29.

Table 29. Required Emplacement Length for Design Basis Inventory

Type of WP WP Length WP Length Quantity Contribution to Required
(m) Plus Gap (m) Emplacement Length {m)
21 PWR AP 5.06 5.16 4,500 23,220.0
21 PWR CR 5.06 5.16 100 516.0
12 PWR AP Long 5.54 5.64 170 958.8
44 BWR AP 5.06 5.16 3,000 15,480.0
24 BWR AP 5.00 5.10 90 459.0
5 IPWF 3.48 3.58 100 358.0
5 DHLW Short/1 DOE SNF Short 3.48 3.58 1,100 3,938.0
5 DHLW Long/1 DOE SNF Long 5.11 5.21 1.500 7,815.0
2 MCO/2 DHLW 5.11 5.21 160 833.6
5 HLW Long/1 DOE SNF Short 5.11 5.21 130 677.3
HLW Long Only 5.11 5.21 600 3,126.0
Naval Short 5.32 5.42 210 1.138.2
Naval Long 5.96 6.06 110 666.6
11,770 59,186.5

By examining the available area within the planning layout as outlined in Attachment I,
Table I-1, it can be seen that 54 emplacement drifts, not including the 2 drifts for use as the
postclosure test drifts (see Section 6.2.1.3), will be required for emplacement of the “not to
exceed” design basis inventory. This indicates that the subsurface facility is capable of
accommodating the “not to exceed” design basis WP inventory.
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6.3.2 Excavation Quantities

The excavation quantities were extracted from the Subsurface Planning Layout in Support of
ANL-SFS-MG-000001 REV 00 (CRWMS M&O 2000aa) using VULCAN v3.4 for the various
subsurface headings and will be discussed in the following sections.

The lengths of the headings are expressed in slope length. The slope length of a heading refers
to the actual length excavated at the specified gradient of the heading. '

The opening profile areas are outlined in Table 30. The circular openings have been calculated
as mr?, where r is the radius of the opening and © is defined as 3.14. The horseshoe profile
openings have been calculated based on Y% the circular area for the top portion plus the
rectangular area on the bottom portion.

Table 30. Excavated Opening Areas

Opening Opening Size (meters) 2
Profile Diameter Radius Width Height Area (m’) Comments

Circular 7.62 3.81 - - 45.60

Circular 55 2.75 - - 23.76

Circular 8.0 - 40 - - 50.27

Circular 2.0 1.0 - - 3.14

Refer to Figure 4 for profile
Horseshoe - - 8.0 7.0 49.13 details
Refer to Attachment IV, Section

Horseshoe - - 8.0 8.5 61.13 IV.6 for profile details

6.3.2.1 Perimeter Mains and Exhaust Main
The perimeter mains and Exhaust Main are excavated at a diameter of 7.62 meters (see

Section 6.2.1). The excavated cross-sectional area of these headings is 45.6 m’. The lengths of
the perimeter mains and the Exhaust Main, as well as the bank volumes, are outlined in Table 31.

Table 31. Excavation Quantities for the Main Drifts — 70,000 MTU Case

Point Designations
{see Attachment Il) Slope
Heading From Length Shape of Profile Area Volume
Designation Point | To Point (m) Opening {m) (mz) {m3)

North Ramp Existing Circular 7.62 45.60 Existing
East Main Existing Circular 7.62 45.60 Existing
South Ramp Existing Circular 7.62 45.60 Existing
North Ramp .
Extension 36 2 2,003.7 Circutar 7.62 45.60 91,368.7
East Main North . - .
Extension 1 3 2,500.0 Circular 7.62 4560 114,000.0
North Main 3 7 1,256.8 Circular 7.62 45.60 57,3101
West Main 7 15 5,744 .6 Circular 7.62 45.60 261,953.8
South Main 15 18 793.4 Circular 7.62 45.60 36,179.0
Exhaust Main 5 16 6,542.2 Circular 7.62 45.60 298,324.3
East Main South . 31,4503
Extension 28 20 689.7 Circular 7.62 45,60
Total 19,530.4 890,586.2
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6.3.22 Emplacement Drifts

The emplacement drifts are excavated at a diameter of 5.5 meters (see Section4.2.1.3). The
excavated cross-sectional area of these heading is 23.76 m®. The lengths of the emplacement
drifts, as well as the bank volume, are outlined in Table 32.

The émplacement drift turnouts will be excavated with a horseshoe-shaped profile of 8 meters
wide and 7 meters high, as previously illustrated in Figure 4. The cross-sectional area of the
turnouts is 49.13 m? (see Figure 4). The lengths of the turnouts, as well as the bank volume, are
outlined in Table 33.

Table 32. Excavation Quantities for Emplacement Drift — 70,000 MTU Case

Length Volume Length Volume

Drift Number (m) (m%) Drift Number (m) (m)
1 7811 18,558.9 28 12635 30,020.8
2 820.4 19,4927 29 1,2635 30,020.8
3 859.7 20,426.5 30 1,263.5 30,020.8
4 899.0 21,360.2 31 12635 30,020.8
5 938.3 22.294.0 32 1,263.8 30,027.9
6 977.7 23.230.2 33 12485 29.664.4
7 1,017.0 24.163.9 34 12331 29,2985
8 1,056.3 25,007.7 35 1217.8 28.934.9
g 1,095.6 26,0315 36 12024 28.569.0
10 11348 26,965.2 37 11871 28.205.5
11 1.174.3 27.9014 38 44717 27.839.6
12 1,230.0 29,2248 39 1,156.4 274761
13 1,2635 30,020.8 40 11411 27,1125
14 12635 30,020.8 a1 1,125.7 26.746.6
15 12635 30,020.8 42 1,110.4 26,3831
16 12635 30,020.8 43 1,095.0 26.017.2
17 1,2635 30,020.8 44 1,079.7 25,653.7
18 1,2635 30,020.8 45 1,064.3 25.287.8
19 12635 30,020.8 46 1,049.0 24,9242
20 1,263.5 30,020.8 47 1,033.6 24 558.3
21 1,2635 30,020.8 48 1,018.3 24,194.8
22 1,2635 30,020.8 49 1,002.9 23.828.9
23 12635 30,020.8 50 987.6 23.465.4
24 12635 30,020.8 51 , 972.2 23,099.5
25 1,263.5 30,020.8 52 956.9 22,.735.9
26 1,2635 30,020.8
27 12635 30,020.8

Subtotal 30.536.8 735,058.4 Subtotal 28.371.5 674.106.8
Total Length 59,308.3 meters
Total Volume 1,409,165.2 m®
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Table 33. Excavation Quantities for Turnouts — 70,000 MTU Case

Centeriine Excavation
Length Total Length Volume Total Volume
Turnout Description Quantity (m) {m) (m’) (ms)

East Main Turnouts

Turnouts 1 through 52 | 52 | 79.5 ] 41340 3,905.8 | 203,103.4
West Main Turnouts

Turnouts 1 through 11 11 110.9 1,219.9 5,448.5 59,933.7

Turnout 12 1 93.2 93.2 4,578.9 45789

Turnouts 13 through 31 19 75.6 1,436.4 3,714.2 70,570.3

Turnouts 32 through 52 21 72.9 1,530.9 3,581.6 75,213.1
Total 104 84144 413,399.5
6.3.2.3 Intake Shafts

The intake shaft accesses will be excavated at a diameter of 7.62 meters (see Section 6.2.4), and
a cross-sectional area of 45.60 mZ. The intake shaft access turnouts will be excavated with a
horseshoe-shaped profile of 8 meters wide and 8.5 meters high, similar to the exhaust shaft
accesses (see Section 6.2.4), with a cross-sectional area of 61.13 m”. The intake shafts will be
excavated with a diameter of 8 meters (see AttachmentIV), and a cross-sectional area of
50.27 m2. The intake shafts will be excavated from the surface to the repository elevation, and
will include a sump at the bottom, excavated 5 meters deep (see Section 5.2.7.11). The lengths
of the intake shafts and the associated headings with the bank volume are outlined in Table 35

and Table 34.

Table 34. Excavation Quantities for Intake Shafts — 70,000 MTU Case

Shaft Length Shaft Sump Shaft Volume
Shaft Number {m) (m) (m’)
1 386.4 5.0 19,675.7
2 321.9 5.0 16,433.3
3 275.4 5.0 14,095.7
Totals 983.7 15.0 50,204 .6

Table 35. Excavation Quantities for Intake Shaft Accesses and Turnouts —70,000 MTU Case

Access East Turnout West Turnout
Shaft Length Volume Length Volume Length Volume
Number (m) (m?) (m) (m’) (m) (m?)

1 1,076.0 49,065.6 79.5 4,859.8 75.6 46214

2 1,263.5 57,615.6 79.5 4,859.8 75.6 4,621.4

3 1,087.3 49,580.9 79.5 4,859.8 72.9 4.456.4
Totals 3,426.8 156,262.1 238.5 14,579.5 2241 13,699.2

6.3.2.4 Development/Intake Shaft

The Development/Intake Shaft Access 1 will be excavated with a horseshoe-shaped profile of
8 meters wide and 8.5 meters high (see Section 6.2.4), with a cross-sectional area of 61.13 m.
The Development Shaft will be excavated to a diameter of 8 meters (see Attachment IV); and a
cross-sectional area of 50.27 m”. The Development/Intake Shaft will be excavated from the
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surface to the repository el
Section 5.2.7.11). The lengths of the Deve

volume are outlined in Table 37 and Table 36.

evation, and, includes a 5-meter deep sump at the bottom (see
lopment Shaft and associated headings with the bank

Table 36. Excavation Quantities for Development Shaft — 70,000 MTU Case

Shaft Length Shaft Sump Shaft V?lume
(m) {m) (m®)
282.7 5.0 14,462.7

Table 37. Excavation Quantities for Development Shaft Access — 70,000 MTU Case

Access Length Volume
Access Number (m) (m*)
1 16.9 1,033.1

6.3.2.5

Exhaust Shafts

The exhaust shaft accesses will be excavated with a horseshoe-shaped profile of 8 meters wide
and 8.5 meters high (see Section 6.2.4), with a cross-sectional area of 61.13 m?. The exhaust
shafts will be excavated to a diameter of 8 meters (see Attachment IV) and a cross-sectional area
of 50.27 m2. The exhaust shafts will be excavated from the surface to the repository elevation,

and will include a 5-meter deep sump at the bottom (see Section 5.2.7.11). The lengths of the
exhaust shafts and the associated headings, including the bank volume, are outlined in Table 39

and Table 38.

Table 38. Excavation Quantities for Exhaust Shafts — 70,000 MTU Case

Shaft Length Shaft Sump Shaft Volume
Shaft Number (m) {(m) (m)
1 447.5 5.0 22,747.2
2 447 .4 5.0 22,7421
3 425.5 5.0 21,641.2
Total 1,320.4 15.0 67,130.6

Table 38. Excavation Quantities for Exhaust Shaft Accesses — 70,000 MTU Case

Access #1 Length Access #1 Volume Access #2 Length Access #2 Volume
Shaft Number {m) (m?) (m) (m)
1 194.8 11,908.1 621.8 38,010.6
2 4451 27,209.0 522.6 31,946.5
3 346.8 21,199.9 607.2 37,1181
Total 986.7 60,317.0 17516 107,075.3
6.3.2.6 Emplacement Drift Ventilation Raises

The emplacement drift ventilation raises channel the exhaust air from the emplacement drifts to
the Exhaust Main, service side where ductwork directs the air to the exhaust side (see
Section 6.2.4). The raises will be excavated to a diameter of 2 meters (see Section 6.2.4) and a
cross-sectional area of 3.14 m?. The lengths of the ventilation raises, including the bank volume,
are outlined in Table 40.
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Table 40. Excavation Quantities for Ventilation Raises — 70,000 MTU Case

Length Volume Length Volume
Drift Number (m) (m?) Drift Number (m) (m?)
1 16.3 51.2 28 16.9 53.1
2 16.7 52.4 29 16.9 53.1
3 171 53.7 30 16.8 52.8
4 17.3 54.3 31 16.8 52.8
5 17.3 54.3 32 16.8 52.8
6 17.2 54.0 33 16.8 52.8
7 17.2 54.0 34 16.8 52.8
8 17.2 54.0 35 16.7 52.4
9 17.2 54.0 36 16.7 52.4
10 17.2 54.0 37 16.7 52.4
11 17.2 54.0 38 16.7 52.4
12 17.1 563.7 39 16.7 52.4
13 17.1 53.7 40 16.6 52.1
14 17.1 53.7 41 16.6 52.1
15 17.1 53.7 42 16.6 52.1
16 171 53.7 43 16.6 52.1
17 17.0 53.4 44 16.6 52.1
18 17.0 53.4 45 16.6 52.1
19 17.0 53.4 46 16.5 51.8
20 17.0 53.4 47 16.5 51.8
21 17.0 53.4 48 16.5 51.8
22 17.0 53.4 49 16.5 51.8
23 16.9 53.1 50 16.3 51.2
24 16.9 53.1 51 16.1 50.6
25 16.9 53.1 52 15.9 49.9
26 16.9 53.1
.27 16.9 53.1
Subtotal 459.9 1,444.1 Subtotal 415.2 1,303.7

Total length 875.1 meters

Total volume ~ 2,747.8 m’

6.3.2.7 Standby Drifts

The standby drifts are excavated at a diameter of 5.5 meters (see Section 6.2.1.2). The excavated
cross-sectional area of these headings is 23.76 m?. The standby drift turnouts will be excavated
with a horseshoe-shaped profile of 8 meters wide and 7 meters high, similar to the emplacement
drift turnouts (see Section 6.3.2.2), with a cross-sectional area of 49.13 m?. The standby drifts
also require ventilation raises to exhaust-air to the Exhaust Main, exhaust side. These raises will
be excavated to a diameter of 2 meters (see Section 6.2.4.2), similar to the emplacement drift
raise, with a cross-sectional area of 3.14 m®. The lengths of the standby drifts and the associated

headings, including the bank volumes, are outlined in Table 41.

ANL-SFS-MG-000001 REV 00

Page 86 of 120

June 2000




Table 41. Excavation Quantities for Standby Drifts — 70,000 MTU Case

Drift Length Volume East Turnout
Drift Number (m) (m) Length (m) Volume (m°)
1 997.3 23,695.8 79.5 3,905.8
2 1263.5 30,020.8 79.5 3,905.8
Totals 2,260.8 53,716.6 159.0 7.811.7
West Turnout Raise Length Raise Volume
Drift Number Length (m) Volume (m"°) (m) (m%)
1 110.9 5,448.5 17.2 54.0
2 75.6 3,714.2 17.0 53.4
Totals 186.5 9,162.7 34.2 107.4

6.3.2.8 Cross-Block Drifts

The cross-block drifts are excavated at a diameter of 5.5 meters (see Section 6.2.1.2). The
excavated cross-sectional area of these headings is 23.76 m?. The cross-block drift turnouts will
be excavated with a horseshoe-shaped profile of 8 meters wide and 7 meters high, similar to the
emplacement drift turnouts (see Section 6.3.2.2), with a cross-sectional area of 49.13 m%. The
cross-block drifts also require ventilation raises to exhaust air to the Exhaust Main, service side.
These raises will be excavated to a diameter of 2 meters (see Section 6.2.4.2), similar to the
emplacement drift raise, and a cross-sectional area of 3.14 m®. The lengths of the cross-block

drifts and associated headings, including the bank volume, are outlined in Table 42.

Table 42. Excavation Quantities for Cross-Block Drifts — 70,000 MTU Case

Drift Length Volume East Turnout
Drift Number (m) (ms) Length (m) Volume {m°)
1 1,1156.3 26,499.5 79.5 . 3,905.8
2 1,263.5 30,020.8 79.5 3,905.8
3 1,194.8 28,388.4 79.5 3,905.8
Totals 3,673.6 84,908.7 238.5 11,7175
West Turnout Raise Length Raise Volume
Drift Number Length (m) Volume (m°) (m) (m®)
1 110.9 5,448.5 17.2 54.0
2 75.6 3,714.2 17.0 53.4
3 72.9 3,581.6 16.7 52.4
Totals 259.4 12,7443 50.9 159.8

63.2.9 Test and Evaluation Facility Drifts

This section will briefly describe the Test and Evaluation Facility headings.

6.3.2.9.1 Postclosure Test Drifts

The postclosure test drifts will be excavated to a diameter of 5.5 meters (see Section 6.2.1.3), and
a cross-sectional area of 23.76 m>. The postclosure test drift turnouts will be excavated with a

horseshoe-shaped profile of 8 meters wide and 7 meters high, similar to the emplacement drift
turnouts (see Section 6.3.2.2), with a cross-sectional area of 49.13 m?. The postclosure test drifts
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also require ventilation raises to exhaust air to the Exhaust Main, exhaust side. These raises will
be excavated to a diameter of 2 meters (see Section 6.2.4.2), similar to the emplacement drift
raise, and a cross-sectional area of 3.14 m>. The lengths of the postclosure test drifts and the

associated headings with the bank volume are outlined in Table 43.

Table 43. Excavation Quantities for Postclosure Test Drifts — 70,000 MTU Case

Drift Length Volume East Turnout
Drift Number (m) (m’) Length (m) Volume (m”)
1 697.2 16,565.5 77.0 3,783.0
2 741.7 17,622.8 79.5 3.905.8
Totals 1,438.9 34,188.3 156.5 7,688.8
West Turnout Raise Length Raise Volume
Drift Number Length (m) Volume (mT) {m) (m?)
1 110.9 5,448.5 15.6 49.0
2 110.9 5,448.5 15.9 49.9
Totals 221.8 10,897.0 315 98.9
6.3.2.9.2 Observation Drifts

The ODs will be excavated to a diameter of 5.5 meters (see Section 6.2.1.3), and a
cross-sectional area of 23.76 m>. The ODs also requires ventilation raises to exhaust air to the
Exhaust Main, service side. These raises will be excavated to a diameter of 2 meters (see
Section 6.2.4.2), similar to the emplacement drift raise, and a cross-sectional area of 3.14 m>.

The lengths of the ODs and the associated headings, including the bank volume, are outlined in

Table 44 and Table 45.

Table 44. Excavation Quantities for Observation Drifts — 70,000 MTU Case

Drift Length Volume
Drift Number (m) (m?)
1 19312 45,885.3
2 2,103.1 49,969.7
3 1,567.9 37,253.3
Total 5,602.2 133,108.3

Table 45. Excavation Quantities for Observation Drift Raises — 70,000 MTU Case

Description Raise Length Raise Volume

From To (m) (m?)
QD #2 Exhaust Main 35.7 112.1
QD #2 West Main 14.8 46.5
QD #3 Exhaust Main 39.3 123.4
OD#3 East Main 15.0 47 .1
OD #3 West Main 26.6 83.5
ECRB Exhaust Main 554 174.0
ECRB West Main 35.6 111.8

Total 2224 698.3
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6.4 97,000 MTU INVENTORY CASE

The MGR must be designed to be capable of accommodating 86,700 MTHM of commercial
SNF for disposal in the repository (see Section 4.2.1.1). The current Technical Baseline
indicates that the expansion option must accommodate a 97,000 MTU waste inventory, if
authorized, including all fuel types and the corresponding WP inventory as outlined in
Section 4.1.3. The 97,000 MTU Layout for SR is based on the planning layout as described in
Section 6.2. For reference the 97,000 MTU Layout for SR is illustrated in Figure 12.

The 97,000 MTU Layout for SR, if authorized, will occupy the total area indicated in the
planning layout based on the required emplacement area calculations and details for the
97,000 MTU Layout located in Section 6.4.1. The details for the main drifts and the design
concepts have been outlined in Section 6.2.1.1. The emplacement area will consist of 78
emplacement drifts for emplacement of the required WP inventory, with Emplacement Drifts 79
and 80 being excavated to account for possible variances in the WP inventory (see
Section 5.2.2). Also included in the layout is a contingency area which consists of a number of
emplacement drifts that will only be excavated if the intended emplacement area cannot be used
due to unexpected ground conditions (see Section 5.2.2) or for larger waste stream variations.
This contingency area consists of Emplacement Drifts 81 through 90. Details of the
emplacement drifts and the design concepts have been outlined in Section 6.2.1.2.

The required emplacement length calculated to accommodate the 97,000 MTU WP inventory, if
authorized, is approximately 74,214 meters, which is approximately 1,485 acres, at an AML of
approximately 56 MTU/acre as calculated in Section 6.4.1.

Within the emplacement area, six standby and cross-block drifts will be excavated. The two
standby drifts from the planning layout will be excavated in this scenario, and will be located
between Emplacement Drifts 6 and 7 and between Emplacement Drifts 19 and 20. All four of
the cross-block drifts will be required: between Emplacement Drifts 9 and 10, between
Emplacement Drifts 22 and 23, between Emplacement Drifts 36 and 37, and between
Emplacement Drifts 53 and 54, as shown in Figure 12. The details of the design concepts for the
standby and cross-block drifts have been outlined in Section 6.2.1.2.

The Test and Evaluation Facility for the 97,000 MTU layout, if authorized, will consist of the
postclosure test drifts on the north end of the repository with its OD, and all performance
monitoring ODs from the planning layout, along with the ECRB. Details and functions of the
Test and Evaluation Facilities have been outlined in Section 6.2.1.3.

Four intake shafts are required to supply the required ventilation flow rates to the Subsurface

Facility for the 97,000 MTU Case, if authorized, in addition to the North and South Ramps (see
Section 6.2.4). The locations of the intake shafts are listed in Table 46.
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Table 46. Intake Shaft Locations for the 97,000 MTU Case

Intake Shaft Number Northing (m) Easting (m)
1 235,775 171,300
2 233,900 171,000
3 232,750 171,150
4 ’ 228,625 170,825

The Development/Intake Shaft, located in the vicinity of the South Main provides intake airflow
for the construction and development operations in the Subsurface Facility (see Section 6.2.4).
The Development/Intake Shaft is located at 230,450 meters north and 170,700 meters east.

Five exhaust shafts are required to exhaust air from the Subsurface Facility for the 97,000 MTU
Case (see Section 6.2.4). The locations of the exhaust shafts are listed in Table 47.

Table 47. Exhaust Shaft Locations for the 97,000 MTU Case

Exhaust Shaft Number Northing (m) Easting {m)
1 - 235825 170,675
2 234,100 170,400
3 232,650 170,350
4 231,175 170,500
5 229,050 170,550
6 (Contingency Only) 228,300 170,550

Exhaust Shaft 6, considered for contingency in the 97,000 MTU layout, will only be required if
excavation within the contingency area deems it necessary to support the additional ventilation
capacity.

The design concepts used to determine these shaft quantities are outlined in Section 6.2.4 and
calculated in Attachment IV.

6.4.1 Emplacemeht Area Determination

The WP inventory for SR as listed in Table 3 (see Section 4.1.3) will be used to define the
emplacement area for the option of 97,000 MTU, if it is authorized.

The WPs will be emplaced in a line-loaded configuration (see Section 4.2.1.4) and this will
dictate the method of calculating the required emplacement length. The total length of the WPs
is calculated by multiplying the total number of WPs with the weighted average WP length,
shown in Table 48. '
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Table 48. Total Length of Waste Packages for the 97,000 MTU Case

Number of WP Type WP Outer | Contribution to Weighted
WPs by WP Fraction of Length Average WP Length
WP Description” Type® Total® (m)* (m)*
21 PWR Absorber Plates 5,690 0.385 5.06 1.949
Control Rods 106 0.007 5.06 0.036
12 PWR Absorber Plates Long 293 0.020 5.54 0.110
44 BWR Absorber Plates 3,732 0.253 5.06 1.279
24 BWR Absorber Plates 98 0.007 5.00 0.033"
5 IPWF 127 0.009 . 3.48 0.030
5 DHLW Short/1 DOE SNF Short 1,403 0.095 3.48 0.331
5 DHLW Long/1 DOE SNF Long 1,874 0.127 5.11 0.648
2 MCO/2 DHLW Short 199 0.013 5.11 0.069
5 HLW Long/1 DSNF Short 167 0.011 5.11 0.058
HLW Long Only 780 0.053 5.11 0.270
Naval Short 200 0.014 5.32 0.072
Long 100 0.007 5.96 0.040
TOTAL 14,769 1.000 4.925°

Notes:
a WP descriptions defined in Section 4.1.3
® Number of WPs by WP type defined in Section 4.1.3
< WP fraction of total is calculated as the number of WPs by WP Type divided by
the total number of WPs (see Note )
¢ Quter WP length defined in Section 4.1.3
 Contribution to weighted average WP length is calculated by multiplying the WP
type fraction of total (see Note ) with the outer WP length (see Note 9
f Total number of WPs is the summation of the number of WPs by WP type (see Note By
9 Weighted average WP length is the summation of contribution to weighted average WP length (see Note °)

The WP total length is calculated by multiplying the total number of WPs (14,769) and the
weighted average WP length (4.925 meters).

WP Total Length 14,769 WPs x 4.925 meters per WP

WP Total Length = 72,737.3 meters

The total WP spacing is calculated by multiplying the total number of WPs (14,769) by the WP
spacing of 0.1 meters (see Section 4.2.1.4).

Total WP Spacing 14,769 WPs x 0.1 meters per WP
Total WP Spacing = 1,476.9 meters

The required emplacement length is calculated by adding the WP total length (72,737.3 meters)
and the total WP spacing (1,476.9 meters) to get 74,214.2 meters.

By examining the available area in the planning layout as outlined in Attachment I, Table I-1, it
can be seen that 78 emplacement drifts, not including the 2 drifts for use as the postclosure
simulation drifts (see Section 6.2.1.3), will be required for emplacement of the waste inventory
for 97,000 MTU, if it is authorized.
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Two percent of the required emplacement drift length will be excavated in addition to the
required 78 emplacement drifts to ensure flexibility of the layout and to account for possible
anomalies in the waste inventory (see Section 5.2.2). This excavation allowance equates to an
additional 1,484.3 meters, a total of 75,698.5 meters, and extends the excavation out to
Emplacement Drift 80. These additional drifts, although they will be excavated, will not be used
for further emplacement area calculations. :

A 10-percent contingency area (see Section 5.2.2) will be accommodated within the repository
layout. The contingency is calculated as 10 percent of the required emplacement drift length, an
additional 7,421.4 meters. The contingency area will encompass Emplacement Drifts 81
through 90 for a total of 83,476.8 meters of available emplacement drift (see Attachment I).

The required emplacement drift length and the drift spacing can be used to calculate the total
available acreage in the layout.

Acreage = L. (m) xﬁzDS (m) « 1 :
m
43,5608/ 0.0929 Az
Where: L, = required emplacement drift length (m) and
DS = drift spacing (m).
When: L, = 74,214.2 meters and
DS = 81.0 meters (see Section 4.2.1.5),
742142 meters x 81 meters 1
Acreage = e X i
43,5601/ 0.0929 Az

Acreage = 1,485.5acres

The layout supporting the 97,000 MTU inventory, if authorized, will require approximately
1,485 acres to accommodate the waste inventory.

The AML is calculated with the amount of MTU from commercial SNF only. The AML of the
repository layout can then be calculated as: '

AML = Commercial SNF (MTU)
Acreage
Where: Commercial SNF = 83,800 MTU (see Section 4.1.4)
Acreage = 1,485 acres
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83,800 MTU
1,485 acres

AML

_ MTU
AML = 56.4 A ore

The repository layout to support the 97,000 MTU waste stream, if authorized, has an AML of
approximately 56 MTU/acre. .

The 97,000 MTU layout must also be evaluated with respect to the WP inventory for maximum
subsurface emplacement (see Section 4.2.1.1). This WP inventory represents “not to exceed”
values for each WP category that applies to the capability of the subsurface emplacement. The
required length of emplacement drift is calculated, based on these not to exceed values and
compared to the planning layout discussed in Section 6.2. The total length of WPs is calculated
by multiplying the total number of WPs with the WP length plus the gap length of 0.1 meters
(see Section 4.2.1.4), as shown in Table 49.

Table 49. Required Emplacement Length for Maximum Subsurface Emplacement

Type of WP WP Length WP Length Quantity Contribution to Required
{m) Plus Gap (m) Emplacement Length (m)
21 PWR AP 5.06 5.16 5,700 29,412.0
21 PWR CR 5.06 5.16 110 567.6
12 PWR AP Long 5.54 5.64 300 1,692.0
44 BWR AP 5.06 5.16 3,750 19,350.0
24 BWR AP 5.00 5.10 100 510.0
5 IPWF 3.48 3.58 130 465.4
5 DHLW Short/41 DOE SNF Short 3.48 3.58 1,410 5,047.8
5 DHLW Long/1 DOE SNF Long 5.11 5.21 1.880 9,794.8
2 MCO/2 DHLW 5.11 5.21 200 1,042.0
5 HLW Long/1 DOE SNF Short 5.11 . 521 170 885.7
HLW Long Only 5.11 5.21 800 4,168.0
Naval Short 5.32 5.42 210 1,138.2
Naval Long 5.96 6.06 110 666.6
14,870 74,740.1

By examining the available area within the planning layout as outlined in Attachment],
Table I-1, it can be seen that 79 emplacement drifts, not including the 2 drifts for use as the
postclosure test drifts (see Section 6.2.1.3), will be required for emplacement of the “not to
exceed” maximum subsurface emplacement inventory. This indicates that the subsurface facility
is capable of accommodating the WP inventory for the “not to exceed” maximum subsurface
emplacement.
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6.4.2 Excavation Quantities

The excavation quantities were extracted from the Subsurface Planning Layout in Support of
ANL-SFS-MG-000001 REV 00 (CRWMS M&O 2000aa) using VULCAN v3.4 for the various
subsurface headings and will be discussed in the following sections.

The lengths of the headings are expressed in slope length. The slope length of a heading refers
to the actual length excavated at the specified gradient of the heading.

The excavated opening areas were calculated in Section 6.3.2 and will be used throughout this
section of the analysis.

6.4.2.1 Perimeter Mains and Exhaust Main
The perimeter mains and Exhaust Main are excavated at a diameter of 7.62 meters (see

Section 6.2.1). The excavated cross-sectional area of these headings is 45.6 m?. The lengths of
the perimeter mains and the Exhaust Main, as well as the bank volume, are outlined in Table 50.

Table 50. Excavation Quantities for the Main Drifts — 97,000 MTU Case

Point Designations
(see Attachment ll)
Slope
Heading From Length Shape of Profile Area Volume
Designation Point To Point (m) Opening {(m) (m?) (m%)
North Ramp Existing Circular 7.62 45.60 Existing
East Main Existing Circular 7.62 45.60 Existing
South Ramp B Existing Circular 7.62 45.60 Existing
North Ramp 36 2 2,003.7 Circular 7.62 45.60 91,368.7
Extension
East Main North 1 3 2,500.0 Circular 7.62 45.60 114,000.0
Extension
North Main 3 7 1,256.8 Circular 7.62 45.60 57,310.1
West Main 7 24 8,727.3 Circular 7.62 45.60 397,964.9
South Main 15 18 793.4 Circular 7.62 45.60 36,179.0
Exhaust Main 5 26 9,480.5 Circular 7.62 45.60 432,310.8
East Main South 28 20 3,3346 Circular 7.62 4560 152,057.8
Extension
South End Main 24 28 1,263.2 Circular 7.62 45.60 57,601.9
Total 29,359.5 1,338,793.2

6.42.2 Emplacement Drifts

The emplacement drifts are excavated at a diameter of 5.5 meters (see Section 4.2.1.3). The
excavated cross-sectional area of these headings is 23.76 m®>. The lengths of the emplacement
drifts, as well as the bank volume, are outlined in Table 51.

The emplacement drift turnouts will be excavated with a horseshoe-shaped profile of 8 meters
wide and 7 meters high, as previously illustrated in Figure 4. The cross-sectional area of the
turnouts is 49.13 m’. The lengths of the emplacement drift turnouts, as well as the bank volume,
are outlined in Table 52.
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Table 51. Excavation Quantities for Emplacement Drift — 87,000 MTU Case

Drift Length Volume Drift Length Volume Drift Length Volume
Number (m) (m) Number (m) (m°) Number (m) (m)
1 781.1 18,558.9 28 1,263.5 30,020.8 55 910.8 21,640.6
2 820.4 19,492.7 29 1,263.5 30,020.8 56 895.5 21,277 .1
3 859.7 20,426.5 30 1,263.5 30,020.8 57 880.1 20,911.2
4 899.0 21,360.2 31 1.263.5 30,020.8 58 864.8 20,547.6
5 938.3 22,2940 32 1,263.8 30,027.9 59 . 849.4 20,181.7
6 977.7 23,230.2 33 1,248.5 29,664.4 60 834.1 19,818.2
7 1,017.0 24,163.9 34 1.233.1 29,298.5 61 796.2 18,917.7
8 1,056.3 25,097.7 35 1,217.8 28,934.9 62 739.0 17,558.6
9 1,095.6 26,031.5 36 1,202.4 28,569.0 63 681.8 16,199.6
10 1,134.9 26,965.2 37 1,187.1 28,205.5 64 333.5 7.924.0
11 1,1743 27,9014 38 11717 27,839.6 65 333.5 7.924.0
12 1,230.0 29,2248 39 1,156.4 27,476.1 66 333.5 7.924.0
13 1,263.5 30,020.8 40 1.141.1 27,112.5 67 3354 7,969.1
14 1,263.5 30,020.8 41 1,125.7 26,746.6 68 352.8 8,382.5
15 1,263.5 30,020.8 42 1,1104 26,383.1 69 384.7 9,140.5
16 1,263.5 30,020.8 43 1,085.0 26,017.2 70 4154 9,869.9
17 1,263.5 30,020.8 44 1,079.7 25,653.7 71 458.5 10,894.0
18 1,263.5 30,020.8 45 1,064.3 25,287.8 72 513.4 12,198.4
19 1,263.5 30,020.8 46 1,049.0 24,924.2 73 568.3 13,5602.8
20 1,263.5 30,020.8 47 1,033.6 24,558.3 74 623.1 14,804.9
21 1,263.5 30,020.8 48 1,018.3 24 194.8 75 678.0 16,109.3
22 1,263.5 30,020.8 49 1,002.9 23,828.9 76 732.8 17,4113
23 1,263.5 30,020.8 50 987.6 23,4654 77 787.7 18,715.8
24 1,263.5 30,020.8 51 972.2 23,099.5 78 8454 20,086.7
25 1,263.5 30,020.8 52 956.9 22,7359 79 861.4 20,466.9
26 1,263.5 30,020.8 53 941.5 22.370.0 80 848.1 20,150.9
27 1,263.5 30,020.8 54 926.2 22,006.5
Subtotal | 30,936.8 | 735,058.4 Subtotal | 30,239.2 | 718,483.4 Subtotal | 16,857.2 | 400,527.1
Total Length  78,033.2 meters
Total Volume  1,854,068.8 m®
June 2000
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Table 52. Excavation Quantities for Turnouts — 97,000 MTU Case

Centerline Total Length Excavation | Total Volume
Turnout Description Quantity | Length (m) (m) Volume (ms) (m?)
East Main Turnouts
Turnouts 1 through 60 60 79.5 4,770.0 3,805.8 234,350.1
Tumouts 61 through 63 3 86.9 260.7 4,269.4 12,808.2
Turnouts 64 through 66 3 79.2 237.6 3,891.1 11,673.3
Turnout 67 1 74.1 74.1 3,640.5 3,640.5
Turnout 68 1 70.3 70.3 3,453.8 3,453.8
Turnouts 69 through 77 9 71.9 647.1 3,632.4 31,792.0
Turnouts 78 through 80 3 74.4 223.2 3,655.3 10,965.8
West Main Turnouts
Turnouts 1 through 11 11 110.9 1,219.9 5,448.5 59,933.7
Turnout 12 1 93.2 93.2 4578.9 4,578.9
Turnouts 13 through 31 19 75.6 1,436.4 3,714.2 70,570.3
Turnouts 32 through 63 32 72.9 2,332.8 3,581.6 114,610.5
Turnouts 64 through 69 6 75.2 451.2 3,694.6 22,167.5
Turnout 70 1 76.3 76.3 3,748.6 3,7486
Turnouts 71 through 77 7 84.1 588.7 41318 28,922.8
Turnout 78 1 75.6 75.6 3,714.2 3,714.2
Turnout 79 1 73.2 73.2 3,696.3 3,596.3
Turnout 80 1 75.7 75.7 3,718.1 3,719.1
Total 160 12,706.0 624,245.8

6.4.2.3 Intake Shafts

The intake shaft accesses will be excavated to a diameter of 7.62 meters (see Section 6.2.4), and
a cross-sectional area of 45.60 m%. The intake shaft access turnouts will be excavated to a
horseshoe-shaped profile of 8 meters wide and 8.5 meters high, similar to the exhaust shaft
accesses (see Section 6.2.4), with a cross-sectional area of 61.13 m%. The intake shaft will be
excavated to a diameter of 8 meters (see Attachment I'V), and a cross-sectional area of 50.27 m’.
The intake shafts will be excavated from the surface to the repository elevation, and will include
a 5-meter deep sump at the bottom, (see Section 5.2.7.11). The lengths of the intake shafts and
the associated headings, including the bank volume, are outlined in Table 54 and Table 53.

Table 53. Excavation Quantities for Intake Shafts — 87,000 MTU Case

Shaft Length Shaft Sump Shaft Volume
Shaft Number (m) (m) (m?)
1 386.4 5.0 19,675.7
2 3219 5.0 16,433.3
3 275.4 5.0 14,095.7
4 289.2 5.0 14,789.4
Totals 1,272.9 20.0 64,994.1
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Table 54. Excavation Quantities for Intake Shaft Accesses and Turno

uts — 97,000 MTU Case

Shaft Access Length Volume East Turnout West Turnout
Number {m) (ms) Length (m) Volume (m°) Length (m) Volume (m”)

1 1,076.0 49,065.6 79.5 4,859.8 75.6 4621.4

2 1,263.5 57,6156.6 79.5 4,859.8 75.6 4621.4

3 1,087.3 49,580.9 79.5 4,859.8 72.8 4,456.4

4 794.6 36,233.8 74.0 45236 75.7 4,627.5

Totals 42214 192,495.8 312.5 19,103.1 299.8 18,326.8

6.4.2.4 Development/Intake Shaft

The Development Shaft provides intake airflow for the construction and development operations

in the Subsurface Facility (see

Section 6.2.4). The Access 1 of the Development/Intake Shaft

will be excavated to a horseshoe-shaped profile of 8 meters wide and 8.5 meters high (see

Section 6.2.4), with a cross-sectional area o

£61.13 m>. The Access 2 of the Development/Intake

Shaft will be excavated to a diameter of 7.62 meters (see Section 6.2.4), and a cross-sectional
area of 45.60 m”. The Development/Intake Shaft will be excavated to a diameter of 8 meters (see

Attachment IV), and a cross-sectional are
excavated from the surface to the repository €
the bottom, (see Section 5.2.7.11).
headings, including the bank volume, are out

Table 55. Excavation Q

a of 50.27 m®. The Development/Intake Shaft will be
levation, and will include a 5-meter deep sump at
The lengths of the Development Shaft and associated
lined in Table 56 and Table 55.

uantities for Development Shaft — 97,000 MTU Case

Shaft Length (m)

Shaft Sump (m)

Shaft Volume (m”)

282.7

5.0

14,462.7

Table 56. Excavation Quantities for Development/lnta'ke Sh

aft Accesses — 97,000 MTU Case

Access Number Access Length (m) Volume (m")
1 16.9 1,033.1
2 389.0 17,738.4
Totals 405.9 18,771.5
6.42.5 Exhaust Shafts

The exhaust shaft accesses will be excavated in a horsesh
8.5 meters high (see Section 6.2.4), with a cross-sectiona
will be excavated to a diameter of 8 meters (see Attac
50.27 m?. The exhaust shafts will be excavated from th

will include a S-meter deep sump at the bottom (see

exhaust shafts and the associated headings, including t

and Table 58.
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Table 57. Excavation Quantities for Exh

aust Shaft Accesses — 97,000 MTU Case

Access #1 Length Access #1 Volume Access #2 Length Access #2 Volume
Shaft Number {(m) (m*) (m) (m®)
1 194.8 11,908.1 621.8 38,010.6
2 445 1 27,209.0 522.6 31,946.5
3 346.8 21,199.9 607.2 37,1181
4 138.4 8,460.4 290.4 17.752.2
5 617.5 37,7478 196.1 11,987.6
Total 1,7426 106,525.1 2,238.1 136,815.1
Table 58. Excavation Quantities for Exhaust Shafts — 97,000 MTU Case
Shaft Length Shaft Sump Shaft Volume
Shaft Number (m) (m) (m)
1 447.5 5.0 22,747.2
2 447 .4 5.0 22,7421
3 425.5 5.0 21,641.2
4 -361.5 5.0 18,424.0
5 346.5 5.0 17,669.9
Total 2,028.4 25.0 103,224.4
6.4.2.6 Ventilation Raises

The emplacement dri :
the Exhaust Main, service side wh
Section 6.2.4). The raises will be excava
cross-sectional area of 3.14 m". The lengt

are outlined in Table 59.

6.4.2.7

The standby drifts are excavated at a di
cross-sectional area of these headings is
in a horseshoe-shaped profile of 8 meters wide and 7 m
drift turnouts (see Section 6.
also require ventilation raises to exhaust air to
be excavated to a diameter of 2 meters (see
raise, and a cross-sectional area of 3.14 m?. The

Standby Drifts

3.2.2), with a cross-sectiona

headings, including the bank volumes, are outlined in Table 60.
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Table 59. Excavation Quantities for Ventilation Raises — 97,000 MTU Case

Drift Length | Volume Drift Length Volume Drift Length | Volume
Number (m) (m°) Number (m) (m?) Number (m) (m)
1 16.3 51.2 28 16.9 53.1 55 154 484
2 16.7 52.4 29 16.9 53.1 56 15.2 47.7
3 17.1 53.7 30 16.8 52.8 57 15.0 47.1
4 17.3 54.3 31 16.8 52.8 58 14.8 46.5
5 17.3 54.3 32 16.8 52.8 59 14.7 46.2
6 17.2 54.0 33 16.8 52.8 60 - 14.6 458
7 17.2 54.0 34 16.8 52.8 61 14.5 455
8 17.2 54.0 35 16.7 52.4 62 14.2 446
9 17.2 54.0 36 16.7 52.4 63 13.9 43.6
10 17.2 54.0 37 16.7 52.4 64 13.9 43.6
11 17.2 54.0 38 16.7 52.4 65 14.8 46.5
12 17.1 53.7 39 16.7 52.4 66 15.7 49.3
13 17.1 563.7 40 16.6 52.1 67 16.6 52.1
14 17.1 53.7 41 16.6 52.1 68 17.4 54.6
15 17.1 53.7 42 16.6 52.1 69 18.3 57.5
16 17.1 53.7 43 16.6 52.1 70 19.2 60.3
17 17.0 53.4 44 16.6 52.1 71 20.1 63.1
18 17.0 53.4 45 16.6 52.1 72 211 66.3
19 17.0 53.4 46 16.5 51.8 73 22.0 69.1
20 17.0 53.4 47 16.5 51.8 74 23.0 72.2
21 17.0 534 48 16.5 51.8 75 23.9 75.0
22 17.0 53.4 49 16.5 51.8 76 249 78.2
23 16.9 53.1 50 16.3 51.2 77 252 79.1
24 16.9 53.1 51 16.1 50.6 78 247 77.6
25 16.9 53.1 52 15.9 49.9 79 24.2 76.0
26 16.9 53.1 53 15.8 49.5 80 23.5 73.8
27 16.9 53.1 54 15.6 48.9
Subtotal 459.9 1,444.1 Subtotat 446.6 1,402.3 Subtotal 480.8 1,609.7
Total Length  1,387.3 meters
Total Volume ~ 4,356.1 m’
Table 60. Excavation Quantities for Standby Drifts — 97,000 MTU Case
Drift Length Volume East Turnout
Drift Number {m) (m?) Length (m) Volume (m°)
1 997.3 23,695.8 79.5 3,905.8
2 1,263.5 30,020.8 79.5 3,905.8
Totals 2,260.8 53,716.6 159.0 7.811.7
West Turnout Raise Length Raise Volume
Drift Number Length (m) Volume (m”) (m) (md)
1 110.9 5,448.5 17.2 54.0
2 75.6 3,714.2 17.0 53.4
Totals 186.5 9,162.7 342 107.4
June 2000
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6.4.2.8 Cross-Block Drifts

The cross-block drifts are excavated at a diameter of 5.5 meters (see Section 6.2.1.2). The
excavated cross-sectional area of these headings is 23.76 m?. The cross-block drift turnouts will
be excavated in a horseshoe-shaped profile of 8 meters wide and 7 meters high, similar to the
emplacement drift turnouts (see Section 6.3.2.2), with a cross-sectional area of 49.13 m>. The
cross-block drifts also require ventilation raises to exhaust air to the Exhaust Main, service side.
These raises will be excavated to a diameter of 2 meters (see Section 6.2.4.2), similar to the
emplacement drift raise, and a cross-sectional area of 3.14 m®. The lengths of the cross-block
drifts and associated headings, including the bank volume, are outlined in Table 61. '

Table 61. Excavation Quantities for Cross-Block Drifts — 97,000 MTU Case

Drift Length Volume East Turnout
Drift Number (m) (m?) Length (m) Volume (m°)
1 1,115.3 26,499.5 79.5 3,905.8
2 1,263.5 30,020.8 79.5 3,905.8
3 1,194.8 28,388.4 79.5 3,905.8
4 933.8 22,1871 79.5 3,905.8
Totals 45074 107,095.8 318.0 15,623.3
West Turnout Raise Length Raise Volume
Drift Number Length (m) Volume (m°) (m) (m?)
1 110.9 5,448.5 17.2 54.0
2 75.6 3,714.2 17.0 53.4
3 72.9 3,581.6 16.7 52.4
4 72.9 3,581.6 15.7 49.3
Totals 332.3 16,325.9 66.6 - 2091

6.42.9 Test and Evaluation Facility Drifts
This section will briefly describe the Test and Evaluation Facility headings.
6.4.2.9.1 Postclosure Test Drifts

The postclosure test drifts will be excavated to a diameter of 5.5 meters (see Section 6.2.1.3), and
a cross-sectional area of 23.76 m%. The postclosure test drift turnouts will be excavated in a
horseshoe-shaped profile of 8 meters wide and 7 meters high, similar to the emplacement drift
turnouts (see Section 6.3.2.2), with a cross-sectional area of 49.13 m>. The cross-block drifts
also require ventilation raises to exhaust air to the Exhaust Main, exhaust side. These raises will
be excavated to a diameter of 2 meters (see Section 6.2.4.2), similar to the emplacement drift
raise, and a cross-sectional area of 3.14 m?. The lengths of the postclosure test drifts and the
associated headings, including the bank volume, are outlined in Table 62.
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Table 62. Excavation Quantities for Postclosure Test Drifts — 97,000 MTU Case

Drift Length Volume East Turnout
Drift Number .(m) (m°) Length (m) Volume (m”)
1 697.2 16,565.5 77 3,783.0
2 741.7 17,622.8 79.5 3,905.8
Totals 1,438.9 34,188.3 156.5 7,688.8
West Turnout Raise Length. Raise Volume
Drift Number Length (m) Volume (m°) (m) ' (m°)
1 110.9 5,448.5 15.6 49.0
2 110.9 5,448.5 15.9 49.9
Totals 221.8 ~10,897.0 31.5 98.9

6.4.2.9.2 Observation Drifts

The ODs will be excavated to a diameter of 5.5 meters (see Section6.2.1.3), and a
cross-sectional area of 23.76 m2. The ODs also require ventilation raises to exhaust air to the
Exhaust Main, service side. These raises will be excavated to a diameter of 2 meters (see
Section 6.2.4.2), similar to the emplacement drift raise, and a cross-sectional area of 3.14 m’.
The lengths of the ODs and the associated headings, including the bank volume, are outlined in
Table 63 and Table 64.

Table 63. Excavation Quantities for Observation Drifts — 97,000 MTU Case

Drift Length Voiume
Drift Number (m) (m®)
1 19312 45,885.3
2 2,103.1 49,969.7
3 1,567.9 37,2533
4 1,668.3 30,638.8
Total 72705 172,747 .1

Table 64. Excavation Quantities for Observation Drift Raises — 97,000 MTU Case

Description Raise Length Raise Volume

From To (m) (m?)

OD #2 Exhaust Main 35.7 112.1
oD #2 West Main 14.8 46.5
OD #3 Exhaust Main 39.3 1234
OD #3 East Main 15.0 - 471

OD #3 West Main 26.6 83.5

ECRB Exhaust Main 55.4 174.0
ECRB West Main 356 111.8
OD #4 Exhaust Main 40.3 126.5
OD #4 West Main 13.6 a7
Total 276.3 867.6
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6.5 EXPANSION AREAS AND POTENTIAL SITING OPTIONS

The flexibility of the SR planning layout with respect to expansion and potential siting options is
discussed in the following sections.

6.5.1 Expansion Areas

The design of the repository must not preclude the capability of expansion and accommodation
of a waste inventory of up to 115,000 MTU or equivalent (see Section 4.2.1.1). An area located
to the east of the planning layout, at a lower elevation is available for this expansion
(CRWMS M&O 2000bb). This siting area is referred to as the lower block. The development of
this lower block area was approached in a similar manner as the design of the planning layout
discussed in Section 6.2. The layout of the lower block was based on the applicable inputs listed
in Section 4 and the assumptions listed in Section 5 and only encompassed sufficient area as to
show the expansion capability of the current SR layouts. Consequently, the layout of the lower
block was fully integrated with the design of the planning layout. The lower block layout is
located approximately 40 meters and 130 meters below the elevation of the planning layout on
the north and south ends of the primary block, respectively. The lower block, as illustrated in
Figure 13 can accommodate 52 emplacement drifts with approximately 62,400 meters of
available emplacement drift (see Attachment VI).

For reference, details of the main drift lengths and gradients of the lower block layout are
contained in Attachment VI. In addition, Attachment VI lists a set of bounding coordinates for
the emplacement area contained within the lower block.

6.5.2 Potential Siting Options

Additional repository siting area may be available at the elevation of the SR layouts when the
TSwl upper lithophysal unit is used with potentially less than 200 meters of overburden
(Stroupe 2000, Attachment 2, p. 2). This siting alternative requires relaxing of two criteria.

e The criterion that requires the emplacement area to be located within the lower part of the
lithophysal zone of the TSw1 unit and the entire TSw2 unit (see Section 4.2.2.8).

e The criterion that requires the subsurface emplacement area to be located at least
200 meters below the directly overlying ground surface (see Section 4.2.2.9).

Removal of these criteria may allow additional siting area to the east of the Subsurface Planning
Layout (see Figure 3). The area to the north of the planning layout is bounded by the 100-meter
standoff from the top of the groundwater table (see Section 4.2.2.4). Solitario Canyon fault and
the bottom of the RHH form the western boundary of the layout. The southern extent of the
characterized area restricts the southern limits of the planning layout.

Five overburden limits were considered, specifically siting the emplacement area 180, 160, 140,
120, or 100 meters below the overlying ground surface. These limits are illustrated in Figure 14.
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Figure 14. Potential Siting Options Under Various Overburden Limits




In addition to examining the overburden limit, the location of the rock units to the east of the
Ghost Dance fault must also be examined. The top of the RHH, which is the top of the lower
part of the TSw1 unit as well as the top of the TSw1, excluding the crystal —rich member, vitric
zone, densely welded subzone (tptrvl) are identified. These two limits are superimposed on the
overburden limits in Figure 15. '

In order to evaluate the relaxing the overburden criterion or the criterion which specifies the
geologic units in which the emplacement area is located, both the overburden limits and the

geology muist be considered together.

First by examining-the relaxation of the overburden criterion in Figure 14, it can be seen that an
increasingly larger area can be gained as the 100-meter overburden limit is approached.
Secondly, the criterion requiring the emplacement area to be located within specific rock units
must also be re-evaluated as illustrated in Figure 15. Without changing the criterion for locating
the emplacement area within specific rock units, additional siting area cannot be realized by
relaxing the overburden limit.

The maximum alternative siting area would be achieved by relaxing the overburden limit, such
that the emplacement area could be located within 100 meters of the directly overlying ground
surface and for the most part the emplacement area would be located within the TSw1 geologic
unit.

The SR layouts for both -he 70,000 MTU and the 97,000 MTU cases are located within the
current siting criteria tequ: :ments (see Sections 6.3.1 and 6.4.1).

In the event that the 97,000 MTU waste inventory were to be expanded or the thermal loading
strategy modified, additional emplacement area would be required. The potential siting option of
relaxing the overburden and rock unit criteria should be considered as an alternative to locating
additional emplacement area below the current SR footprint. Relaxing of these criteria would
provide the use of area at the same elevation as the main repository horizon and will benefit
operations by eliminating the use of internal ramp systems necessary for developing areas below
the SR repository horizon.

Layouts for the potential siting areas have not been developed since they are outside the scope of

this analysis. Further design work will be required to define and develop useable emplacement
area layouts within this potential siting area should relaxing of the siting criteria be authorized.
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7. CONCLUSIONS

A planning layout has been developed, consistent with the usable three-dimensional spatial
boundaries within the geology of Yucca Mountain and includes the existing ESF. This planning
layout as shown in Figure 3 (CRWMS M&O 2000aa) was then used as a basis for specifying
specific layouts for the 70,000 MTU and 97,000 MTU WP inventories. ‘

A thermal analysis of the emplacement drifts was required for specifying the spacing and
location of emplaced WPs, and the control of heat from the WPs (see Section 6.2.3). The
repository emplacement drift average thermal load was calculated based on a 10-centimeter '
spacing between WPs. The 70,000 MTU WP inventory has an average thermal load of
1.42 kW/m in the repository emplacement drifts. The 97,000 MTU WP inventory has an average
thermal load of 1.43 kW/m in the repository emplacement drifts. A thermal load of 1.45 kW/m
was used to approximate these values (1.42 and 1.43 kW/m).

The Subsurface Ventilation System must remove 70 percent of the heat generated by the WPs
during the preclosure period as mandated by the Emplacement Drift SDD
(CRWMS M&O 2000i, Section 1.2.4.5) as documented in Section 4.2.4.15. It has been
determined that with a continuous ventilation rate of 15 m’/s, an overall average of 72 percent of
the heat generated by the WPs is removed by the ventilation system during the preclosure period
(see Section 6.2.3.4).

Radiological safety is one of the most important aspects of the repository and the MGR must
comply with applicable standards (see Section 6.2.7). Design considerations in the emplacement
drift turnouts have been incorporated to aid in increasing radiological protection in the mains. In
addition, the Exhaust Main is partitioned to isolate personnel from the exhaust air exiting the
emplacement drifts.

The layout is influenced by practical limitations imposed by the operating requirements and
performance characteristics of the equipment and methods for construction of the repository.
The size, configuration, and operating requirements of the construction equipment were taken

into consideration to provide restriction on the size and shape of the excavated opening and the
general arrangements possible for the layout (see Section 6.2.9).

The SR layouts for both the 70,000 MTU and 97,000 MTU WP inventories are located within
the available site volume as estimated from current geologic information (see Section 6.2.2). If
the available site volume were to change, the impact to the layouts would have to be determined
and modification to the layouts would need to be done to accommodate the changes.

The ESF is integrated into the Layouts for SR (see Section 6.2.1.1). The North Ramp will
become the access for the emplacement side of the subsurface repository, and the South Ramp
will become the access for the development side. The ESF Main Drift will become the East
‘Main. All other subsurface repository openings will be developed from the ESF. The size and
configuration of the ESF is sufficient to provide clearance for repository construction and
emplacement operations. ’
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The Layouts for SR facilitate preclosure and postclosure water drainage away from the
emplacement drifts, by sloping the subsurface openings away from the emplacement area along
the mains to drainage areas at the ventilation shaft sumps (see Section 6.2.5). The emplacement
drifts have been designed with a flat gradient. This allows any water entering the emplacement
drifts to drain directly into the surrounding rock without draining along the drift for collection
into a centralized location. The step at the emplacement drift - turnout interface prevents water
inflow to the emplacement drifts as well.

7.1 70,000 MTU LAYOUT FOR SITE RECOMMENDATION

The MGR is required to accept 70,000 MTU of SNF/HLW for disposal in the primary area of the
repository. The 70,000 MTU Layout for SR supports this WP inventory (see Section 6.3.1). The
70,000 MTU Layout (see Figure 11) for SR will require 58 emplacement drifts. Emplacement
Drifts 1 through 51 are required for emplacement of the WP inventory. Emplacement Drift 52 is
excavated as an allowance for possible variances in the waste stream. Emplacement Drifts 53
through 58 are contingency drifts that will only be excavated in the event that conditions during
development of the repository are found to be such that the intended emplacement area cannot be
used due to unexpected ground conditions.

The required emplacement length to accommodate the 70,000 MTU Layout for SR is
56,222 meters, which needs approximately 1,125 acres for an AML of approximately
56 MTU/acre (see Section 6.3.1).

Within the emplacement area, five standby and cross-block drifts will be excavated within the
- pillars of adjacent emplacement drifts. The two standby drifts will be located within the first half
of the emplacement drifts to be available early on for possible relocation of WPs. The three
cross-block drifts will serve possible ventilation, monitoring, emergency egress, and/or Test and
Evaluation program functions.

The Test and Evaluation Facility for the 70,000 MTU layout will consist of the two postclosure
test drifts on the north end of the repository with the OD, and the performance monitoring
Observation Drifts 2 and 3, along with the ECRB.

The Subsurface Ventilation System was analyzed within this document to determine the number
of openings and respective sizes required to support the continuous ventilation rate of 15 m’/s
(see Section 6.3). In addition to the North and South Ramps, three intake shafts are required to
supply the needed ventilation flow rates to the Subsurface Facility for the 70,000 MTU case.
The Development Shaft, located in the vicinity of the South Main provides intake airflows for
the construction and development operations in the Subsurface Facility and will not be required
after construction and development is complete. Three exhaust shafts are required to exhaust air
from the Subsurface Facility for the 70,000 MTU case. Exhaust Shaft 4, considered contingency
only, will only be required in the event that excavation within the contingency area makes it
necessary to support additional ventilation capacities.
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7.2 97,000 MTU LAYOUT FOR SITE RECOMMENDATION

The MGR is also required to design for a WP inventory of 97,000 MTU of SNF/HLW, if
authorized, for disposal in the primary area of the repository. The 97,000 MTU Layout for SR
(see Figure 12) supports this WP inventory (see Section 6.4.1). The 97,000 MTU Layout for SR
will require 90 emplacement drifts. Emplacement Drifts 1 through 78 are required for
emplacement of the WP inventory. Emplacement Drifts 79 and 80 are excavated as an
allowance for possible variances in the waste stream. Emplacement Drifts 81 through 90 are
contingency drifts that will only be excavated in the event that conditions during development of
the repository are found to be such that the intended emplacement area cannot be used due to
" unexpected ground conditions or for larger waste stream variations.

The required emplacement length for the 97,000 MTU Layout for SR calculated to accommodate
the WP inventory is approximately 74,214 meters, which needs approximately 1,485 acres for
an AML of approximately 56 MTU/acre (see Section 6.4.1).

Within the emplacement area, six standby and cross-block drifts will be excavated within the
pillars of adjacent emplacement drifts. The two standby drifts will be located within the first half
of the emplacement drifts to be available early on for possible relocation of WPs. The four
cross-block drifts will perform possible ventilation, monitoring, emergency egress, and/or Test
and Evaluation program functions.

The Test and Evaluation Facility for the 97,000 MTU layout will consist of the two postclosure
test drifts on the north end of the repository with the OD, and the performance monitoring
Observation Drifts 2, 3, and 4, along with the ECRB. :

The Subsurface Ventilation System was analyzed within this document to determine the number
of openings and respective sizes required to support the continuous ventilation rate of 15 m’/s
(see Section 6.4). In addition to the North and South Ramps, four intake shafts are required to
supply the needed ventilation flow rates to the Subsurface Facility for the 97,000 MTU case.
The Development/Intake Shaft, located in the vicinity of the South Main provides intake airflows
for the construction and development operations in the Subsurface Facility and will be required
as an intake shaft after construction and development is complete. Five exhaust shafts are
required to exhaust air from the Subsurface Facility for the 97,000 MTU case. Exhaust Shaft 6,
considered contingency only, will only be required in the event that excavation within the
contingency area makes it necessary to support additional ventilation capacities.

73 EXPANSION CAPABILITIES OF THE SITE RECOMMENDATION LAYOUTS

The design of the repository must not preclude the capability of expansion and accommodation
of a waste inventory of up to 115,000 MTU or equivalent. An area located to the east of the
planning layout, at a lower elevation is available for this expansion (CRWMS M&O 2000bb) as
discussed in Section 6.5. This siting area is referred to as the lower block. The layout of the
Jower block only encompassed sufficient area as to show the expansion capability of the current
SR layouts. Consequently, the layout of the lower block was fully integrated with the design of
the planning layout. The lower block layout is located approximately 40 meters and 130 meters
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below the elevation of the planning layout on the north and south ends of the primary block,
respectively.

7.4 TO-BE-VERIFIED IMPACTS

The TBVs identified in Sections 4 and 5 are carried through to the outputs of this analysis as
outlined in Table 65. In addition, the layouts for SR were developed using the VULCAN v3.4
software (CRWMS M&O 2000aa), that is considered unqualified and, therefore, the results of
the layouts for SR are considered TBV. These results will be tracked with TBV-4208. The
output of this analysis cannot be used for construction, procurement, or fabrication.

This document may be affected by technical product input information that requires
confirmation. Any changes to the document that may occur as a result of completing the
confirmation activities will be reflected in subsequent revisions. The status of the input
information quality may be confirmed by review of the Document. Input Reference System

database.

Table 65. To-Be-Verified Impacts

TBV Description Impact
Number

TBV-0253 305 meter ramps and mains minimum radius — This minimum turning radius was used to
subsurface waste emplacement transportation configure the subsurface layout (see
system curvatures. Section 6.2.1.1).

TBV-N"36 The maximum acceptable temperature of the Zeolites | 1he thermal analysis used this constraint for
beneath the emplacement area needs to be defining the overall thermal output of the
determined along with the vertical distance from the emplacement drifts (see Section 6.2.3.10).
emplacement area to the average top of the zeolite
layer. .

TBV-0287 The requirements for the maximum temperature at The thermal analysis used this constraint for
the boundary of the emplacement drift needs to be defining the overall thermal output of the
determined in order to limit the thermal and emplacement drifts (see Section 6.2.3.8).
thermomechanical response of the host rock and
surrounding strata and groundwater system.

TBV-0321 Criteria for maximum temperature for human access This criterion was used as a basis for

partitioning the Exhaust Main (see
Section 6.2.4).

TBV-0322 | The requirements limiting the temperature ofthe PTn | The thermal analysis used this constraint for
geologic unit to less than 115 degrees Celsius need defining the overall thermal output of the
to be verified. emplacement drifts (see Section 6.2.3.10).

TBV-0358 | The repository opening standoff distances from the These constraints set the physical
water table and Type | faults. ‘boundaries of the emplacement area (see

Section 6.2.2).

TBV-0617 Temperature change at 45 centimeters below the soil | The thermal analysis used this constraint for
surface to 2 degrees Celsius above the established defining the overall thermal output of the
naturally occurring pre-emplacement average annual | emplacement drifts (see Section 6.2.3.11).
ground surface.

TBY-0618 | The rate of uplift and total uplift of the repository The thermal analysis used this constraint for
overburden that will prevent damage to the natural defining the overall thermal output of the
barrier above the repository. emplacement drifts (see Section 6.2.3.12

and Section 6.2.3.13).

TBV-0619 | 200 meter overburden. This constraint sets a physical boundary of

the emplacement area (see Section 6.2.2).
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Table 65. To-Be-Verified Impacts (Continued)

T8V Description impact
Number
TBV-1014 Confirm the License Application Design Selection The emplacement drift turnouts were
process that shielding for personnel protection will be configured to aid in reducing the direct line
provided on the surface and subsurface waste of radiation from an unshielded WP (see
handling SSCs including the WP transporter rather Section 6.2.1.2).
than on the individual WPs.
TBV-1016 Confirm that the doors are to be required at the The emplacement drift turnouts have been
entrances to emplacement drifts as the means to configured to allow installation of doors (see
control personnel access and also serve as a Section 6.2.1.2).
ventilation damper
TBV-1021 Confirm criteria on the Subsurface Configuration for The emplacement drifts have been assigned
water drainage to help minimize the opportunities for | a flat gradient to accommodate this criteria
water to contact WPs after closure. (see Section 6.2.1.2).
TBD-3791 | The average WP spacing The average minimum WP spacing of 0.1
meters was confirmed with the thermal
analyses (see Section 6.2.3).

TBV4183 | WP inventory for 70,000 MTU This inventory was used to calculate the
required emplacement area for the
70,000 MTU Layout for SR (see
Section 6.3.1).

TBV4186 | WP inventory for 97,000 MTU This inventory was used to calculate the
required emplacement area for the
97,000 MTU Layout for SR (see
Section 6.4.1).

TBV-4187 VULCAN v3.4 model of the Yucca Mountain geology. | This information was used as the basis for
the subsurface layout {(see Section 6.1).

TBV-4208 VULCAN v3.4 three-dimensional representation of Results of this analysis.
the planning layout and the lower block.

TBV-4647 | VULCAN v3.4 software ) Use of unqualified software.

TBV-4708 Postclosure Peak Drift Wall Temperatures This input transmittal provided information to

show compliance with a thermal criterion
(see Section 6.2.3.8) B

7.5 CRITERION COMPLIANCE

Various design criteria were used in the process
which have been discussed in the analysis, may no
were not met.
indications of where the discussion is located as well
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Table 66. Criteria Summation

Criterion Description Doct?rrr\itt:\rt;ot?on in Criterion Discussion Adh iteri
p Saotion , Located in Section erence to Criteria
CRWMS M&O 2000e, Waste Inventory T
Section 1.2.1.1 Requirement 4214 6.3.1,and 6.4.1 Criterion has been met.
CRWMS M&O 2000e, " —
Section 1.2.1.2 WP Quantities and Lengths 4212 6.3.1 Criterion has been met.
CRWMS M&O 2000e, Emplacement Drift 4213 6.2.1.2,6.2.3.7, Criteri
Section 1.2.1.3 Diameter . 6.3.2.2, and 6.4.2.2 riterion has been met.
CRWMS M&O 2000e, . 6.2.3.2,6.3.1, and .
Section 1.2.1.4 WP Spacing 4214 6.4 1 Criterion has been met.
CRWMS M&O 2000e, . . 6.2.1.2,6.23.7,6.3.1, o :
Section 1.2.1.5 Emplacement Drift Spacing 4215 and 6 4.1 Criterion has been met.
CRWMS M&O 2000e, Limit Water Inflow in .
Section 1.2.1.6 Ramps 4216 6.2.5 Criterion has been met.
CRWMS M&O 2000e, Orientation of .
Section 1.2.1.7 Emplacement Drifts 4217 6212and6222 Criterion has been met.
CRWMS M&O 2000e, Test and Evaluation 4218 6213 Cfrite.arionfha.s_ peen met for major faqi!ities. Dgtails
Section 1.2.1.8 Program 2.1, 2.1, of minor facilities have' :;)é L}/tet been included in the
) This criterion has not been évaluated at this time,
CRWMS M&O 2000e, Unrgsgncted Accgsg 4.2.21 6.2.7 however it is not anticipated that this calculation will
Section 1.2.2.1.1 Radiation Level Limit - adversely impact the design of the Subsurface
Facility.
This criterion has not been evaluated at this time.
CRWMS M&O 2000e, Restricted Access 4222 627 Itis not anticipated that this calculation will
Section 1.2.2.1.2 Radiation Level Limit oo < adversely impact the design of the Subsurface
Facility. It will be revisited when full operational
CRWMS M&O 2000 aspects of the repository are available..
e, . ; T
Section 1.2.2.1.3 Locating surface Openings 4223 6.24and6.2.5 Criterion has been met.
Minimum Geologic
CRWMS M&O 2000e, A L
Section 1.2.2.1.4 Standogs'; écr:‘ iﬁgsosntory 4224 6.2.2 and 6.2.2.1 Criterion has been met.
CRWMS M&O 2000e, Geologic Standoff —
Section 1.2.2.1.5 Distances for WPs 4225 6.2.2.1 Criterion has been met.
This criterion has not been evaluated at this time
CRWMS M&O 2000e, Standoff Distance to - because it requires knowledge of specific borehole
422 6.2.6 locations. Potential impacts associated with

Section 1.2.2.1.6

Surface Drilled Boreholes

applyiqg this criterion have been discussed and
contingency-emplacement space provided.
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Table 66. Criteria Summation (Continued)

Section 1.2.4.7

Criterion Criterion Discussion
Criterion Description Docursneecr:itggon in Located in Section Adherence to Criteria
CRWMS M&0 2000e, . =
"~ gection 1.2.2.1.7 Drainage 4227 6.2.5 Criterion has been met.
CRWMS M&0 2000e, | Location of the Repository .
Section 1.2.2.1.8 Emplacement Area 4.2.28 6.2.2 Criterion has been met.
CRWMS M&O 2000e, Minimum Overburden 4229 62.2 .
Section 1.2.2.1.9 Thickness ol £ Criterion has been met.
CRWMS M&O 2000e, —
Section 1.2.2.2.1 Escapeways 4231 6.2.8 Criterion has been met.
Ttﬁ;‘ criterion has not been evaluated at this stage.
CRWMS M&O 2000e, e details of the locations and specifics of the
Section 1.2.2.2.2 Refuge Chambers 4232 6.2.8 personnel refuge chambers do not affect the
design of the Subsurface Facility and will be
_ addressed in the future.
This criterion has not been evaluated at this stage.
CRWMS M&O 2000e, Travel Time to Reach 4233 5 The details of the locations and specifics of the
Section 1.2.2.2.3 Refuge Chamber 2.3 2.8 pers_onnel refuge chambers do not affect the
design of the Subsurface Facility and will be
i addressed in the future,
CRWMS M&O 2000e, Subsurface Ventilation 4241 6.2 —
Section 1.2.4.1 System 2.4 2.4 Criterion has been met.
CRWMS M&O 2000e, : )
Section 1.2.4.2 Gradients 4242 6.2.1.1and 6.2.5 Criterion has been met.
CRWMS M&0 2000e, . . —
Section 1.2.4.3 Opening Sizes 4243 6.2.1.1 Criterion has been met.
CRWMS M&O 2000e,
Section 1.2.4.4 and Zeolitized Layer o
CRWMS M&O 2000i, Temperature Limit 4244 6.2.3.10 Criterion has been met.
Section 1.2.3.2
CRWMS M&O 2000e, . -
Section 1.2.4.5 and Soil Surface Temperature 4245 62341 Thng criterion has not been evaluated. Analyses to
CRWMS M&O 2000i, Change L4 YA verify that the layouts for SR will meet this criterion
Section 1.2.3.3 will be conducted in the future.
CRWMS M&O 2000e,
Section 1.2.4.6 and Temperature Limit on the o
CRWMS M&O 2000i, PTn Geologic Unit 4246 6.2.3.10 Criterion has been met.
Section 1.2.3.4
CRWMS M&0 2000e. | gpening Orientations 4247 6.2.1.1 Griterion has been met.
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Table 66. Criteria Summation (Continued)

Section 1.2.6.1

Health Standards

Criterion Criterion Discussion
Criterion Description Docug\;r:it::on in Located in Section Adherence to Criteria
CRWMS M&O 2000e, . )
Section 1.2.4.8 and Uplift Limit of the TSw 4248 Criterion has been met. It is expected that the
CRWMS M&O 2000i, Unit 2.4, 6.2.3.12 ground deflection will not exceed the differential
Section 1.2.3.5 uplift fimit in the TSw1 geologic unit.
' Interface with the
CRWMS M&O 2000e, : .
Section 1.2.4.9 Subsurfg;zé;cavatlon 4249 6.2.9 Criterion has been met.
CRWMS M&O 2000h, Emplacement Drift and .
Section 1.2.4.7 Turnout Interface 4.2.4.10 6212 Criterion has been met.
CRWMS M&O 2000h, . —
Section 1.2.4.6 Opening Curvatures 42411 6.2.1.1and 6.2.1.2 Criterion has been met.
CRWMS M&O 2000b, | Air Temperature for Human .
Section 1.2.1.3 Access 42412 6.2.4 Criterion has been met.
CRWMS M&0 2000j, | Preclosure and Postclosure _
Section 5.1.1.1 Time Periods 42413 6.2.34 Criterion has been met.
CRWMS M&O 2000i, WP Maximum Thermal .
Section 1.2.4.4 Output 42414 6.2.3.3 Criterion has been met.
CRWMS M&O 2000i, WP Heat Removal During .
Section 1.2.4.5 Preclosure 4.2.4.15 6.2.34 Criterion has been met.
CRWMS M&O 2000i, Preclosure Emplacement -
Section 1.2.1.3 Drift Wall Temperature 4247 6.2.3.5 Criterion has been met.
CRWMS M&O 2000i, Postclosure Pillar .
Section 1.2.1.4 Temperature 4.2.4.18 6.2.3.7 Criterion has been met.
CRWMS M&O 2000i, Postclosure Emplacement .
Section 1.2.3.1 Drift Wall Temperature 42420 6238 Criterion has been met.
CRWMS M&O 2000i, TSw1 Thermomechanical 49421 62 Thi§ criterion has not been eva_luated. Analyses to
Section 1.2.3.6 Unit Differential Uplift Rate 2.4. 2313 verify that the layouts for SR will meet this criterion
_ yvm be conducted in the future.
CRWMS M&O 2000e, Occupational Safety and 434 628 This criterion has not been evaluated. Analyses to

verify that the layouts for SR will meet this criterion
will be conducted in the future.

J
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Table 66. Criteria Summation (Continued)

Criterion Criterion Discussion
Criterion Description Docursneect:it‘a)::on in Located in Section Adherence to Criteria
This criterion has not been evaluated. Analyses to
CRWMS M&O 2000e, Safety and Health ; | . Analyses
Seotion 1.2.6.2 Regulations for Construction 43.2 6.2.8 verify that tr]e layouts for Sl‘\" will meet this criterion
will be conducted in the future.
This criterion has not been evaluated. Analyses to
tio ; 4 Y
CRV\éI\élsﬁl;/In&? 222008. Stazg::g:tfga:ir:ttig?\i n 433 422and6.2.7 verify that the layouts for SR will meet this criterion
2. will be conducted in the future,
Monitored Geologic
CRWMS M&O 2000e, Repository Project 434 4.2 and 5.1 Criterion has been met,

Section 1.2.6.3

Description Document
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ATTACHMENT 1

AVAILABLE EMPLACEMENT DRIFT LENGTH
FOR THE PLANNING LAYOUT

The length of the emplacement drifts represented in TableI-1 is from the door of the
emplacement drift on the east side to the door of the emplacement drift on the west side as
extracted from the Subsurface Planning Layout in Support of ANL-SFS-MG-00000! REV 00
(CRWMS M&O 2000aa) using VULCAN v3.4. The operational standoff distance is the
distance from the door of the emplacement drift to the last WP emplaced in the drift is 1.5 meters
on each end of the emplacement drift (see Section 5.2.3). A total operational standoff distance of
3.0 meters is therefore applied to each emplacement drift The ventilation standoff is a physical
standoff established to minimize the interference of the ventilation airflow and/or radiological
monitoring around the ventilation raise (see Section 5.2.6). The other unusable length accounts
for the maximum effective emplacement length of 600 meters in a drift split (see Section 5.2.4).
Any drift that would have a drift split in excess of 600 meters is decreased accordingly. The drift
length available for emplacement is the usable length of each Emplacement Length. The usable
length is calculated as the excavation lengths of each drift less the total standoff lengths and the
unusable length for each drift (see Table I-1). The cumulative usable emplacement lengths are
also shown in Table I-1. The 90 emplacement drifts provide approximately 83,477 meters of

available emplacement drift length.
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Table I-1. Available Emplacement Drift Length for Planning Layout

Cumuiative
Available Available
wp Vent Other Emplacement | Emplacement
Drift Standoff* | Standoff® | Unusable | DriftLength | Drift Length

Number Length (m) (m}) (m) Length® (m) (m) (m) Comments

PC 1 697.2 3.0 4.0 690.2 0.0 0.0

PC 2 741.7 3.0 4.0 734.7 0.0 0.0
1 781.1 3.0 4.0 0.0 774.1 774 .1
2 820.4 3.0 4.0 0.0 813.4 1,587.5
3 859.7 3.0 40 0.0 852.7 2,440.2
4 899.0 3.0 4.0 0.0 892.0 3,332.2
5 938.3 3.0 4.0 0.0 931.3 4,263.5
6 977.7 3.0 4.0 0.0 970.7 5,234.2
7 1,017.0 3.0 4.0 0.0 1,010.0 6,244.2
8 1,056.3 3.0 4.0 0.0 1,049.3 7,293.5
9 1,095.6 3.0 4.0 0.0 1,088.6 8,382.1
10 1,134.9 3.0 4.0 0.0 1,127.9 9,510.0
11 1,174.3 3.0 4.0 0.0 1,167.3 10,677.3
12 1,230.0 3.0 4.0 23.0 1,200.0 11,877.3 see Note ©
13 1,263.5 3.0 4.0 56.5 1,200.0 13,077.3 see Note ©
14 1,263.5 3.0 4.0 56.5 1,200.0 14,277.3 see Note ©
15 1,263.5 3.0 4.0 56.5 1,200.0 15,477.3 see Note ©
16 1,263.5 3.0 4.0 56.5 1,200.0 16,677.3 see Note ©
17 1,263.5 3.0 4.0 56.5 1,200.0 17,8773 see Note ©
18 1,263.5 3.0 4.0 56.5 1,200.0 19,077.3 see Note ©
19 1,263.5 3.0 4.0 56.5 1,200.0 20,277.3 see Note ¢
20 1,263.5 3.0 4.0 56.5 1,200.0 21,477.3 see Note ©
21 1,263.5 3.0 4.0 56.5 1,200.0 22,677.3 see Note °
22 1,263.5 3.0 4.0 56.5 1,200.0 23,877.3 see Note ©
23 1,263.5 3.0 4.0 56.5 1,200.0 25,077.3 see Note ¢
24 1,263.5 3.0 4.0 56.5 1.200.0 26,277.3 see Note ©
25 1,263.5 3.0 4.0 56.5 1,200.0 27,477.3 see Note ©
26 1,263.5 3.0 4.0 56.5 1.200.0 28,677.3 see Note ©
27 1,263.5 3.0 4.0 56.5 1,200.0 29,877.3 see Note ©
28 1,263.5 3.0 4.0 56.5 1,200.0 31,077.3 see Note ©
29 1,263.5 3.0 4.0 56.5 1,200.0 32,277.3 see Note ©

Subtotal 34,902.7 93.0 1240 2,408.4 32,2773
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Table 1-1. Available Emplacement Drift Length for Planning Layout (Continued)

Cumulative
Available Available
WP Vent Other Emplacement | Emplacement
Drift Standoff® | Standoff® | Unusable | priftLength | DriftLength
Number Length (m) {m) (m) Length® (m) " (m) (m) Comments
30 1,263.5 3.0 4.0 56.5 1,200.0 33,477.3 see Note ©
31 1,263.5 3.0 4.0 56.5 1,200.0 34,677.3 see Note ¢
32 1,263.8 3.0 4.0 56.8 1,200.0 35,877.3 see Note ©
33 1,248.5 3.0 4.0 41.5 1,200.0 37,077.3 see Note ©
34 1,233.1 3.0 4.0 26.1 1,200.0 38,277.3 see Note ©
35 1,217.8 3.0 4.0 10.8 1,200.0 39,4773 see Note ©
36 1,202.4 3.0 4.0 0.0 1,195.4 40,672.7
37 1,187.1 3.0 4.0 0.0 1,180.1 41,852.8
38 11717 3.0 4.0 0.0 1,164.7 43,017.5
39 1,156.4 3.0 4.0 0.0 1,149.4 44 166.9
40 1,141.1 3.0 4.0 0.0 1,134.1 45,301.0
41 1,125.7 3.0 4.0 0.0 1,118.7 46,419.7
42 1,110.4 3.0 4.0 0.0 1,103.4 47,523.1
43 1,095.0 3.0 4.0 0.0 1,088.0 48,611.1
44 1.079.7 3.0 4.0 0.0 1,072.7 40,683.8
45 1,064.3 3.0 4.0 0.0 1,057.3 50,7411
46 1,048.0 3.0 4.0 0.0 1,042.0 51,783.1
47 1,033.6 3.0 4.0 0.0 1,026.6 52,809.7
48 1,018.3 3.0 4.0 0.0 1,011.3 53,821.0
49 1,002.9 3.0 4.0 0.0 995.9 54,816.9
50 987.6 3.0 4.0 0.0 980.6 55,797.5
51 972.2 3.0 4.0 0.0 965.2 56,762.7
52 956.9 3.0 4.0 0.0 949.9 57.712.6
53 941.5 3.0 4.0 0.0 934.5 58,647.1
54 926.2 3.0 4.0 0.0 919.2 59,566.3
55 910.8 3.0 4.0 0.0 903.8 60,4701
56 895.5 3.0 4.0 0.0 888.5 61,358.6
57 880.1 3.0 4.0 0.0 873.1 62,231.7
58 864.8 3.0 4.0 0.0 857.8 63,089.5
59 849.4 3.0 4.0 0.0 842.4 63,9319
Subtotal 67,015.5 183.0 2440 2,656.6 63,931.9
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Table I-1. Available Emplacement Drift Length for Planning Layout (Continued)

Cumulative
Availabte Available
WP Vent Other Emplacement | Emplacement
Drift Standoff* | Standoff® | Unusable | pDrift Length | Drift Length
Number Length (m) (m) {m) -Length® (m) (m) (m) Comments
60 834.1 3.0 4.0 0.0 827.1 64,759.0
61 796.2 3.0 4.0 0.0 789.2 . 65,548.2
62 739.0 3.0 4.0 0.0 732.0 66,280.2
63 681.8 3.0 4.0 0.0 674.8 66,955.0
64 3335 3.0 4.0 0.0 326.5 67,281.5
65 3335 3.0 4.0 0.0 326.5 67,608.0
66 333.5 3.0 4.0 . 0.0 326.5 67,934.5
67 335.4 3.0 4.0 0.0 3284 68,262.9
68 352.8 3.0 4.0 0.0 345.8 68,608.7
69 384.7 3.0 4.0 0.0 377.7 68,986.4
70 415.4 3.0 4.0 0.0 408.4 69,394.8
71 458.5 3.0 4.0 0.0 451.5 69,846.3
72 513.4 3.0 4.0 0.0 506.4 70,352.7
73 568.3 3.0 4.0 0.0 561.3 70,914.0
74 623.1 3.0 4.0 0.0 616.1 71,530.1
75 678.0 3.0 4.0 0.0 671.0 72,201.1
76 732.8 3.0 4.0 0.0 725.8 72,926.9
77 787.7 . 3.0 4.0 0.0 780.7 73,707.6
8 845.4 3.0 4.0 0.0 838.4 74,546.0
79 861.4 3.0 4.0 0.0 854.4 75,400.4
80 848.1 3.0 4.0 0.0 841.1 76,241.5
81 826.7 3.0 4.0 0.0 819.7 77,061.2
82 805.3 3.0 4.0 0.0 798.3 77,859.5
83 784.0 3.0 4.0 0.0 777.0 78,636.5
84 762.6 3.0 40 0.0 755.6 79,392.1
85 741.2 3.0 4.0 0.0 7342 80,126.3
86 719.8 3.0 4.0 0.0 712.8 80,839.1
87 698.5 3.0 40 0.0 691.5 81,530.6
88 677.1 3.0 4.0 0.0 670.1 82,200.7
89 655.7 3.0 4.0 0.0 648.7 82,849.4
90 634.4 3.0 4.0 0.0 627.4 83,476.8
Subtotal 86,777.4 276.0 368.0 2,656.6 83,476.8

Notes:

2 An operational standoff distance of 3 meters to the WP is used (see Section 5.2.3)

® A total physical standoff distance of 4 meters about the ventilation raise is used (see Section 5.2.6)

© The maximum length of a drift split is restricted to 600 meters (see Section 5.2.4)
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PLANNING LAYOUT DETAILS
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ATTACHMENT II
PLANNING LAYOUT DETAILS

The VULCAN v3.4 software program provides a three dimensional design of the subsurface
layout to be prepared. In order to provide specific information about the planning layout as
illustrated in Figure 3, key reference points within the layout are used to describe the lengths and

grades of the various subsurface openings.

Figure II-1 presents a set of reference points within the Subsurface Facility. The definitions of
these reference points are listed in Table II-1, complete with the coordinates and elevations.

The details of the subsurface openings lengths and grades, corresponding to the reference points
presented in Figure II-1 and outlined in Table II-1, are presented in Table II-2. The information
in this attachment was extracted from the Subsurface Planning Layout in Support of ANL-SFS-
MG-000001 REV 00 (CRWMS M&O 2000aa) using VULCAN v3.4.
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Figure I1-1.  Planning Layout Details




Tabie [I-1.

Point Designation Definitions

Northing Easting Elevation
Point Designation Description {m) (m) (m)
1 Bottom of northern curve of the ESF loop 234,087.742 | 171,313.778 1,065.000
: Intersection of the East Main North
2 Extension and the North Ramp Extension 236,265.995 | 171,427.935 1.035.553
Intersection of the centerline of the east
3 turnout of Post Closure Test Drift #1 andthe | 236,584.156 | 171,441.857 1,031.253
; East Main North Extension
4 Grade break in the North Main 236,624.569 | 171,435.799 1,030.700
Intersection of the North Main and the 236,862.588 | 171,169.724 | 1,022.806
Exhaust Main
6 Grade break in the North Main 236,365.524 | 170,638.542 1,030.700
Intersection of the centerline of the west
7 turnout of Post Closure Test Drift #1 and the | 236,332.334 | 170,624.454 1,031.079
West Main
8 Grade break in the West Main 236,266.730 | 170,596.606 1,031.828
g Grade break in the West Main 235,081.200 | 170,093.379 1,045.884
10 Grade break in the West Main 234,900.977 | 170,062.952 1,048.226
11 Grade break in the West Main 233,428.032 | 169,985.759 1,068.139
12 Grade break in the West Main 233,300.734 | 169,987.157 1,069.896
13 Grade break in the West Main 231,048.457 | 170,263.702 1,102.106
Intersection of the centerline of the west
14 turnout for Emplacement Drift # 63 and the 230,771.546 | 170,297.702 1,105.592
vest Main
15 'M“:;secm" of the South Main and the West | .34 755 g53 | 170,303.926 | 1,106.230
16 Intersectign of the Exhaust Main and the 230,456.966 | 170,655.489 1,096.782
South Main
Intersection of access to the Contingency
17 Development Shaft and the South Main 230,466.350 | 170,695.826 1,097.404
Intersection of the East Main South
18 Extension and the South Main 230,633.968 | 170,885.284 1,101.316
Intersection of the centerline of the east
19 tumout for Emplacement Drift # 63 and the 230,993.486 | 171,045.352 1,105.895
East Main South Extension
20 Intersection of the East Main and EastMain | 4 563 998 | 171,165.792 | 1,103.173
South Extension
Intersection of the West Main and the
21 centerline of the west turnout of 230,011.802 | 170,311.217 1,110.757
Emplacement Drift # 64
22 Grade break in the West Main 228,879.123 | 170,140.217 1,116.515
23 Grade break in the West Main 228,554.967 | 170,191.053 1,112.270
Intersection of the West Main and the
24 centerline of the west tumout of 227,866.605 | 170,557.062 1,099.796
Emplacement Drift #90
25 Grade break in the South End Main 227,763.800 | 170,611.724 1,097.933
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Table lI-1.  Point Designation Definitions (Continued)
Elevation
Point Designation Description Northing (m)|Easting (m) {m)

26 Intersection.of the South End Main and the 227.587.993 | 171,005.323 1,086.317
Exhaust Main

27 Grade break in the South End Main 227,963.024 | 171,291.286 1,097.711
Intersection of the East Main South

28 Extension and the centerline of the east 228,097.714 | 171,260.180 1,099.908
turnout of Emplacement Drift # 90 )

29 Grade breakin the East Main South 228,335,390 | 171,205.318 |- 1,103.785
Extension
intersection of the East Main South

30 Extension and the contingency Test and 228,843.773 | 171,087.949 1,112.230
Evaluation Program Observation Drift #4

31 Grade break in the East Main South 229,004.654 | 171,050.806 | 1,114.526
Extension

32 Grade break in the East Main South 229.158.348 | 170,999.582 | 1,116.515
Extension

33 Grade break in the East Main South 220.612.690 | 170,825.177 | 1,113.650
Extension

34 Grade break in the East Main South 229923676 | 170,733.806 | 1,111.898
Extension
intersection of the East Main South :

35 Extension and the centerline of the east 230,135.984 | 170,741.220 1,110.836
turnout of Emplacement Drift # 64

36 Top of northern curve of the ESF loop 234,338.604 | 171,766.109 1,078.265

37 Point on the North Ramp Extension 235,749.672 | 171,425.374 1,045.061
Intersection of the North Ramp Extension

38 and the Test and Evaluation Program 235,821.357 | 171,429.131 1,043.581
Observation Drift #2

39 Grade break in the North Ramp Extension 236,093.936 | 171,443.416 1,037.950
Intersection of the Test and Evaluation

40 Program Observation Drift # 2 and 236,073.430 | 171,831.000 1,047.091
Observation Drift # 1
Point in the Test and Evaluation Program

41 Observation Drift #2 where it crosses over 236,411.572 | 171,435.564 1,051.205
the East Main North Extension
End of the Test and Evaluation Program

42 Observation Drift # 2 236,118.539 | 170,533.703 1,055.947

43 Grade break in the Test and Evajuation 236,313.235 | 172,084.816 | 1,038.259

: Program Observation Drift # 1

Point in the Test and Evaluation Program

44 Observation Drift #1 where it crosses under | 236,583.958 | 171,441.873 1,015.755
the East Main North Extension
Intersection of the Exhaust Main and the

45 Test and Evaluation Program Observation 236,380.351 | 170,815.233 1,009.698
Drift # 1

46 Grade break in the Exhaust Main 236,431.576 | 170,837.746 1,009.200

47 Grade break in the Exhaust Main 236,040.048 | 170,786.317 1,012.740
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Table 1l-1.  Point Designation Definitions (Continued)
Northing Easting Elevation
Point Designation Description (m) (m) (m)
Intersection of the Exhaust Main and Access
235,986.790 | 170,783.526 1,013.470
48 #1 to Exhaust Shaft #1
Intersection of the Exhaust Main and Access
.9 170,742.658 024.
49 #2 to Exhaust Shaft #1 235,206.995 1.024.169
Intersection of the Exhaust Main and Access
: . 791 ,034.
50 #1 to Exhaust Shaft #2 234,427.200 | 170,701.79 1,034.867
Iintersection of the Exhaust Main and Access .
51 #2 to Exhaust Shaft #2 233,647.406 | 170,660.924 1,045.565
Intersection of the Exhaust Main and Access
52 #1 to Exhaust Shaft #3 232,867.610 | 170,620.057 1,056.263
Intersection of the Exhaust Main and Access
53 #2 to Exhaust Shaft #3 232,087.816 | 170,579.189 1,066.961
intersection of the Exhaust Main and Access
54 #1 to Exhaust Shaft #4 231,308.021 | 170,538.322 1,079.157
intersection of the Exhaust Main and Access
55 #2 to Exhaust Shaft #4 230,897.576 | 170,585.703 1,085.630
56 Grade break in the Exhaust Main 230,150.688 | 170,646.112 1,090.532
Intersection of the Exhaust Main and Access
57 #1 to Exhaust Shaft #5 229,804.113 | 170,627.949 1,088.659
Intersection of the Exhaust Main and Access
58 #2 to Exhaust Shaft #5 229,024.318 | 170,587.081 1,084.445
59 Grade break in the Exhaust Main 228,950.000 | 170,583.207 1,084.041
intersection of the Exhaust Main and Access
60 fo Exhaust Shaft #6 (Contingency Shaft) 228,316.759 | 170,768.533 1,079.859
61 Grade break in the Exhaust Main 227,931.581 | 170,893.685 1,077.285
Point in the Contingency Test and Evaluation
62 Program Observation Drift #4 where it 229,423.381 | 170,897.848 1,132.464
crosses over the East Main South Extension
End of the Contingency Test and Evaluation
63 Program Observation Drift # 4 229,203.490 | 170,221.090 1,136.022
Intersection of the ECRB and the start of the
64 Test and Evaluation Program Observation 232,755.308 | 169,837.596 1,108.566
Drift #3
End of the Test and Evaluation Program
65 Observation Drift # 3 232,859.174 | 171,249.391 1,104.228
66 NOT USED
67 Top of the curve in the North Ramp 234.469.347| 171,529.950|  1,072.697
Extension
68 Bottom of the curve in the North Ramp 234752.146| 171,373.006|  1,065.666
Extension
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Table 1I-2. Planning Layout Details
Slope
From To Length |PlanLength| Grade
Point Point (m) {m) (%)
1 2 2,181.4 2,181.2 -1.35
2 3 359.5 -359.5 -1.35
3 4 40.9 40.9 -1.35
4 5 381.4 381.4 -2.07
5 6 798.4 798.4 0.99
6 7 36.1 36.1 1.05
7 8 70.3 70.3 1.05
8 9 1,287.9 1,288.0 1.09
9 10 184.2 184.2 1.27
10 11 1,475.1 1,475.0 1.35
11 12 127.6 1276 1.38
12 13 2,269.4 2,269.2 1.42
13 14 279.0 279.0 1.25
14 15 51.1 511 1.25
15 16 491.0 490.9 -1.92
16 17 415 41.4 1.50
17 18 260.9 260.8 1.50
18 19 393.6 393.5 1.16
19 20 296.1 296.1 -0.92
156 21 710.8 710.8 0.64
21 22 1,151.5 1,151.5 0.50
22 23 340.7 340.7 -1.25
23 24 779.7 779.6 -1.60
24 25 116.4 116.4 -1.60
25 26 471.2 471.1 -2.47
26 27 537.4 537.2 212
27 28 138.2 138.2 1.69
28 29 2440 2439 1.59
29 30 521.8 521.8 1.62
30 3 165.1 165.1 1.39
31 32 162.3 162.3 1.23
32 33 486.7 486.7 -0.59
33 34 326.7 326.7 -0.54
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Table 11-2.  Planning Layout Details (Continued)
Slope

From To Length |Plan Length Grade

Point Point (m) (m) (%)
34 35 212.4 212.4 -0.50
35 18 525.9 525.9 -1.81
36 37 1,610.0 - 1,609.7 -2.06
37 38 71.8 71.8 -2.06
38 .39 273.0 273.0 -2.06
39 2 173.4. 173.3 -1.38
38 40 531.6 531.6 0.66
40 41 623.2 623.2 0.66
41 42 948.3 948.3 0.50
40 43 371.8 371.8 -2.38
43 44 900.4 800.2 -2.50
44 45 658.9 658.9 -0.92
5 48 544 .4 544.2 -2.50
46 45 56.0 56.0 0.89
45 47 3424 342.3 0.89
47 48 53.3 53.3 1.37
48 43 780.9 780.9 1.37
49 50 780.9 780.9 1.37
50 51 780.9 780.9 1.37
51 52 780.9 780.9 1.37
52 53 780.9 780.9 1.37
53 54 781.0 780.9 1.56
54 55 414 .4 414 .4 1.56
55 16 446.2 446.1 2.50
16 56 306.9 306.8 -2.04
56 57 3471 3471 -0.54
57 58 780.9 780.9 -0.54
58 59 74.4 74.4 -0.54
59 60 662.6 662.0 -0.63
60 61 405.0 405.0 -0.63
61 26 361.4 361.3 2.50
30 62 956.7 956.5 2.12
62 63 7116 7116 0.50
64 65 1,567.9 1,567.9 -0.28
36 67 270.0 269.9 -2.06
67 68 340.9 340.8 -2.06
68 37 899.1 998.9 -2.06
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ATTACHMENT III

SURFACE-BASED BOREHOLES
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ATTACHMENT IlI
SURFACE-BASED BOREHOLES

The Subsurface Facility must allow at least a 5-meter standoff from the edge of the WPs to the
perpendicular projection of the centerline of a surface-based borehole if the borehole intercepts
the drift or comes within 5 meters of the edge of the drift (see Section 4.2.2.6).

The point features of the Yucca Mountain Project boreholes are documented in the Technical
Data Management System as indicated in Section 4.1.2. These boreholes include holes that are-
considered qualified and some that are considered non-qualified. The boreholes are listed in
Table [1I-1. The coordinates of the boreholes are expressed in Nevada State Plane Feet, the
collar elevation is expressed in feet above sea level, and the total depth is expressed in feet from
the collar elevation.

In order to determine which boreholes may affect the subsurface layout, the boreholes listed in
Table I1I-1 must be converted to Nevada State Plane Meters, meters above sea level, and depth in
meters. This conversion is easily accomplished knowing that 3.2808 feet equals 1 meter. The
boreholes can then be sorted to determine which fall within the Northing and Easting boundaries
of the planning layout, as well as pass through the plane of the repository itself.

The planning layout as illustrated in Figure3 can be bounded by 227,750 meters north,
236,900 meters north, 169,950 meters east, and 171,500 meters east. These Northing and
Easting boundaries are used to eliminate any boreholes that are not in the vicinity of the
Subsurface Facility.

The repository horizon in the primary area lies within a lower elevation of 1,022 meters and an
upper elevation of 1,120 meters. The highest elevation of 1,120 meters will be used as a
discriminator to eliminate those boreholes that do not pass through the repository horizon.

The boreholes listed in Table III-2 have been determined to be within the vicinity of the
Subsurface Facility and pass through the repository horizon using the discriminators listed

above.

The discussion of integrating the surface-based boreholes with the Subsurface Facility is further
discussed in Section 6.2.6.
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Table lll-1. Surface-Based Boreholes
Elevation Depth Easting Northing Qualification
Borehole Identifier (feet) {feet) (feet) (feet) Status
U-5 Seismic #1 3,868.360 140.00 668,101.062 | 749,607.375 Q
U-5 Seismic #2 3,867.050 140.00 668,123.188 | 749,624.438 Q
USW Seismic-1 5,101.780 200.00 560,432.562 | 778,958.812 Q
USW Seismic-2 5,106.740 200.00 560,362.625 | 779,090.562 Q
USW Seismic-3 5,111.460 200.00 560,268.312 | 779,266.625 Q
USW Seismic-4 5,114.020 200.00 560,173.000 | 779,442.625 Q
USW Seismic-5 5,121.310 200.00 560,079.500 | 779,619.125 Q
USW Seismic-7 5,141.700 200.00 559,891.312 | 779,972.000 Q
USW Seismic-8 5,153.020 200.00 559,796.438 | 780,147.625 Q
USW Seismic-9 5,161.690 200.00 559,702.125 | 780,320.500 Q
USW Seismic-10 5,171.210 200.00 559,604.688 | 780,502.250 Q
USW Seismic-11 5,179.400 200.00 559,513.500 | 780,677.312. Q
USW Seismic-12 5,185.200 200.00 559,419.688 | 780,851.438 Q
USW Seismic-13 5,085.570 200.00 560,645.812 | 778,560.750 Q
USW Seismic-14 5,076.100 200.00 560,740.750 | 778,383.250 Q
USW Seismic-15 5,063.910 200.00 560,834.062 | 778,208.062 Q
USW Seismic-16 5,051.360 200.00 560,928.875 | 778,033.250 Q
USW Seismic-17 5,039.540 200.00 561,023.938 | 777,856.625 Q
USW Seismic-18 5,027.610 200.00 | 561,118.000 | 777,681.250 Q
USW Seismic-19 5,014.410 200.00 561,211.625 | 777,504.375 Q
U-25 Seismic #20 3,357.000 140.00 593,171.938 | 747,172.875 Q
U-25 Seismic #21 3,524,580 140.00 569,427.625 | 746,906.312 Q
U-25 Seismic #22 2,947.370 140.00 581,268.500 | 718,335.000 Q
U-25 Seismic #23 3,215.660 140.00 580,246.688 | 741,126.062 Q
U-25 Seismic #24 3,554.120 140.00 580,907.250 | 769,057.312 Q
U-25 TC #1 3,753.740 30.00 612,897.750 | 756,483.875 Q
U-25TC #2 3,753.790 30.00 612,899.125 | 756,486.312 Q
U-25 TCi #1 3,790.120 5.00 613,452.750 | 756,777.062 Q
U-25 TCi #2 3,790.110 5.00 613,451.125 | 756,779.250 Q
U-25 TCi #3 3,790.050 5.00 613,436.438 | 756,783.000 Q
U-25 TCi#4 3,790.110 5.00 613,438.750 | 756,784.375 Q
U-26 Seismic #1 3,847.750 140.00 629,834.125 | 746,151.312 Q
U-29 Seismic #1 3,877.830 142.00 585,139.938 | 791,869.125 Q
U-30 Seismic #1 4,754 400 142.00 604,819.938 | 837,368.812 Q
U-30 Seismic #2 4,751.880 140.00 604,800.625 | 837,375.375 Q
UE-1m 4,478.130 514.00 657,843.125 | 825,408.688 Q
UE-1n 4,483.230 5.00 657,761.875 | 825,330.250 Q
UE-10 4,480.070 5.00 657,757.000 | 825418.688 Q
UE-1p 4,231.960 782.00 662,294.250 | 826,268.812 Q
UE-16 c 4,726.530 144.00 644,558.875 | 844,957.688 Q
UE-16 d 4,685.820 | 2,321.00 | 646,567.812 | 844,877.312 Q
UE-16 4,651.450 1,479.00 | 648,842.125 | 832,352.938 Q
UE-17 a 4,696.630 1,214.00 | 645,992.500 | 846,138.062 Q
UE-17 Db 4,783.340 256.50 646,471.500 | 849,216.250 Q
UE-17 ¢ 4,833.450 586.00 650,048.000 | 857,444.438 Q
UE-17d 4,680.730. 398.00 647,789.188 | 847,189.000 Q
UE-17 e 4,934.250 3,000.00 | 646,448.812 | 853,205.000 Q
UE-17f 4,929.900 100.00 646,032.375 | 853,321.625 Q
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Table lli-1. Surface-Based Boreholes (Continued)
Total ,
Elevation Depth Easting Northing |Qualification

Borehole Identifier (feet) {feet) (feet) {feet) Status
UE-17g 4,929.750 104.00 646,515.312 | 853,291.750 Q
UE-17 SI #1 4,931.860 110.00 646,487.750 | 853,331.250 Q
UE-17 SI #2 4,931.880 92.50 646,488.125 | 853,333.125 Q
UE-17 SI #3 4,931.840 115.00 646,489.750 | 853,330.812 Q
UE-17 Si #4 4,931.890 92.50 646,485.812 | 853,331.438 Q
UE-17 SI #5 4,931.880 83.50 646,488.438 | 853,335.062 Q
UE-17'SI #6 4,931.870 80.00 646,491.750 | 853,330.438 Q
UE-17 SI #7 4,931.850 82.50 646,487.062 | 853,327.188 Q
UE-17 SI #8 4,931.880 77.50 646,484.500 | 853,328.938 Q
UE-17 Sl #8a 4,931.870 60.00 646,478.812 | 853,324.812 Q
UE-17 SI #9 4,931.880 80.00 646,483.812 | 853,331.812 Q
UE-17 SI #10 4,931.880 84.50 646,489.062 | 853,338.000 Q
UE-17 Si #11 4,931.840 82.50 646,486.562 | 853,324.188 Q
UE-17 SI #11a 4,931.790 60.00 646,485.875 | 853,320.312 Q
UE-17 SI #12 4,931.880 77.50 646,480.938 | 853,332.312 Q
UE-17 SI #13 4,931.880 84.50 646,489.688 | 853,342.000 Q
UE-17 Sl #14 4,931.890 80.00 646,498.562 | 853,329.188 Q
UE-17 SI #15 4,931.890 77.50 646,476.812 | 853,333.062 Q
UE-17 SI #16 4,931.290 84.00 646,495.438 | 853,374.438 Q
UE-17 TH #1 4,931.980 80.00 646,479.188 | 853,343.438 Q
UE-17 TH#2 4,931,980 80.00 646,477.938 | 853,345.188 Q
UE-17 TH#3 4,931.840 80.00 646,478.812 | 853,349.188 Q
UE-17 TH #4 4,831.770 80.00 646,491.750 | 853,352.625 Q
UE-17 TH#5 4,931.800 80.00 646,492.000 | 853,354.562 Q
UE-22 ARMY #1 3,153.350 1,945.00 | 684,772.938 | 670,903.125 Q
UE-25 a #1 3,935.350 | 2,501.00 | 566,349.875 | 764,901.000 Q
UE-25 a #3 4,548.900 | 2,530.00 | 602,940.688 | 769,318.938 Q
UE-25 a #4 4,102.040 500.00 564,471.875 | 767,972.375 Q
UE-25 a #5 4,060.570 487.00 564,755.188 | 766,956.438 Q
UE-25 a #6 4,053.270 500.00 564,500.875 | 765,899.875 Q
UE-25 a #7 4,005.5680 1,002.00 | 565,468.312 | 766,250.000 Q
UE-25 b #1 3,939.280 | 4,003.00 | 566,416.188 | 765,244.312 Q
UE-25 c#1 3,708.490 | 3,000.00 | 569,680.562 | 757,096.750 Q
UE-25 c#2 3,714.090 3,000.00 | 569,633.938 | 756,849.625 Q
UE-25 c #3 3.714.410 | 3,000.00 | 569,554.938 | 756.910.875 Q
UE-25 h #1 3,407.590 400.00 574,462.312 | 748,352.688 Q
UE-25 J-11 3,443.060 | 1,329.00 | 611,768.000 | 740.968.750 Q
UE-25 J-11Prime 3,441.940 220.00 611,821.812 | 740,890.938 Q
UE-25 J-12 3,129.840 1,138.00 | 581,012.062 | 733,508.250 Q
UE-25 J-13 3,317.400 | 3,498.00 | 579,647.938 | 749,202.000 Q
UE-25 JF #3 3,098.420 1,298.00 | 581,179.438 | 730,875.375 Q
UE-25 NRG #2 3,800.370 294.00 569,162.438 | 765,763.750 Q
UE-25 NRG #2a 3,780.550 266.00 | 569,001.062 | 765,699.938 Q
UE-25 NRG #2b 3,801.400 330.00 569,214.562 | 765,765.250 Q
UE-25 NRG #2¢ 3,801.170 1561.00 569,189.750 | 765,771.688 Q
UE-25 NRG #2d 3,792.050 170.20 569,132.312 | 765,825.125 Q
UE-25 NRG #3 3,823.330 330.00 568,316.125 | 766,250.625 Q
UE-25 NRG #4 4,099.480 726.00 566,820.000 | 767,080.188 Q
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Table Ill-1. Surface-Based Boreholes (Continued)
Total
Elevation Depth Easting Northing |Qualification

Borehole ldentifier (feet) (feet) (feet) {feet) Status
UE-25 NRG #5 4.106.660 | 1,350.00 | 564,769.875 | 767,889.625 Q
UE-25 ONC #1 3815110 | 1,540.00 | 568,092.875 | 759,257.250 Q
UE-25p #1 3,654.530 5923.00 | 571,484.438 | 756,172.562 Q
UE-25 RF #1 3,688.600 145.00 570,890.125 | 762,190.562 Q
UE-25 RF #2 3,657.850 52.00 570,335.125 | 758,800.812 Q
UE-25 RF #3b 3,661.370 111.00 571,066.062 | 765,695.750 Q
UE-25 RF #4 3,637.060 306.00 | 572,063.312 | 762,091.625 Q
UE-25 RF #7 3,756.080 150.00 | 571,171.062 | 768,804.750 Q
UE-25 RF #7a 3,756.500 153.00 | 570,268.812 | 768,768.750 Q
UE-25 RF #8 3,785.700 128.00 | 568,790.188 | 765,631.375 Q
USW SR-1 3,051.310 0.00 559,339.062 | 721,817.875 Q
USW SR-2 3,051.150 0.00 559,333.312 | 721,809.688 Q
USW SR-3 3,046.650 0.00 559,246.625 | 721,823.000 Q
UE-25 UZ #4 3,940.050 411.00 566,140.125 | 768,715.688 Q
UE-25 UZ #5 3,952.830 405.00 566,136.125 | 768,593.125 Q
UE-25 UZ #16 4,000.480 1,696.20 | 564,857.500 | 760,535.125 Q-
UE-25 UZN #1 3,995.430 50.00 565,224.438 | 769,329.750 Q
UE-25 UZN #2 3,847.070 50.00 566,113.688 | 768,606.375 Q
UE-25 UZN #3 3,940.820 15.00 566,119.438 | 768,631.438 Q
UE-25 UZN #4 3,942.510 30.00 566,127.125 | 768,664.375 Q
UE-25 UZN #5 3,943.530 50.00 566,134.188 | 768,690.188 Q
UE-25 UZN #6 3,938.770 - 45.00 566,136.812 | 768,706.500 Q
UE-25 UZN #7 3,939.870 45.00 566,141.375 | 768,724.938 Q
UE-25 UZN #8 3,938.340 45.00 566,146.625 | 768,743.812 Q
UE-25 UZN #9 3,941.130 40.00 566,156.002 | 768,782.375 Q
UE-25 UZN #10 4,038.710 99.00 564,744.562 | 769,869.312 Q
UE-25 UZN #12 3,908.250 50.00 566,695.188 | 768,651.500 Q
UE-25 UZN #13 3,821.470 65.00 568,255.188 | 768,026.438 Q
UE-25 UZN #14 3,824.380 55.00 568,233.062 | 767,968.000 Q
UE-25 UZN #18 4,018.900 61.00 565,246.625 | 766,472.812 Q
UE-25 UZN #18 4,025.490 40.00 564,570.812 | 763,689.562 Q
UE-25 UZN #20 4,027.360 41.00 564,579.438 | 763,760.625 Q
UE-25 UZN #21 4,027.980 42.00 564,591.375 | 763,806.812 Q
UE-25 UZN #22 4,029.300 95.00 6564,604.875 | 763,881.062 Q
UE-25 UZN #23 4,043.760 35.00 564,545.688 | 763,973.750 Q
UE-25 UZN #28 3,958.920 26.00 565,319.812 | 763,092.062 Q
UE-25 UZN #29 3,973.360 35.00 565,173.312 | 762,613.812 Q
UE-25 UZN #30 3,959.530 35.00 565,232.875 | 762,048.188 Q
UE-25 UZN #56 3,960.250 |- 60.00 565,480.125 | 760,394.688 Q
UE-25 UZN #60 3,893.040 35.00 566,567.125 | 759,757.938 Q
UE-25 UZN #63 3,942.210 60.00 566,169.625 | 768,837.250 Q
UE-25 UZN #85 3,337.060 80.00 577,568.250 | 750,715.812 Q
UE-25 UZN #97 3,959.030 60.00 565,320.625 | 763,094.562 Q
UE-25 UZNC #1 3,928.610 5.00 566,159.000 | 764,671.500 Q
UE-25 UZNC #2 3,928.710 5.00 566,157.312 | 764,669.562 Q
UE-25 WT #3 3,379.230 | 1,142.00 | 573,385.188 | 745,995.562 Q
UE-25 WT #4 3,835.680 1,680.00 | 568,038.312 | 768,511.938 Q
UE-25 WT #5 3558.030 | 1,330.00 | 574,249.750 | 761,826.688 Q
UE-25 WT #6 4,313.270 1,258.00 | 564,523.625 | 780,576.125 Q
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Table lll-1.  Surface-Based Boreholes (Continued)
Total
Elevation Depth Easting Northing |Qualification
Borehole ldentifier (feet) (feet) {feet) {feet) Status
UE-25 WT #12 3,525.760 | 1,308.00 | 567,011.812 | 739.726.688 Q
UE-25 WT #13 3385860 | 1,154.00 | 578,842.250 | 756,885.188 Q
UE-25 WT #14 3529670 | 1,310.00 | 575.210.188 | 761,651.375 Q
UE-25 WT #15 3552560 | 1,360.00 | 579,806.250 | 766,117.000 Q
UE-25 WT #16 '3,071.260 | 1,709.00 | 570,395.125 | 774,420.188 Q
UE-25 WT #17 3687.000 | 1,450.00 | 566,212.000 | 748,421.500 Q
UE-25 WT #18 4,384.000 | 2,043.00 | 564,854.625 | 771,167.250 Q
UE-29 UZN #91 3,949.340 94.00 585,341.375 | 797,275.812 Q
UE-29 UZN #92 3,670.680 120.00 | 583,559.000 | 778,010.125 Q
UE-29 a #1 3,984.200 215.00 | 585,575.250 | 797,730.000 Q
UE-29 a #2 3084640 | 1,383.00 | 585,547.500 | 797,745.750 Q
US-25#4 3,800.040 50.00 567,853.438 | 762,458.312 Q
US-25#5 3,799.210 52.00 567,853.438 | 762,433.000 Q
US-25 #6 3,782.770 52.00 568,551.750 | 762,378.562 Q
US-25 #7 3,782.820 52.00 568,551.250 | 762,355.125 Q
US-25#8 3,756.330 52.00 569,332.188 | 762,317.438 Q
US-25 #9 3,757.870 50.00 569,328.625 | 762,284.250 Q
US-25#10 3,722.990 50.00 570,113.438 | 762,251.000 Q
US-25 #11 3,722.910 52.00 570,108.188 | 762,227.375 Q
US-25#12 3,687.790 52.00 570,894.250 | 762,189.312 Q
US-25 #13 3,686.990 52.00 570,891.312 | 762,168.312 Q
US-25 #14 3,653.100 50.00 571,675.000 | 762,137.2560 Q
US-25 #15 3,653.870 50.00 571671875 | 762,106.125 Q
US-25 #16 3,619.340 50.00 572,452.812 | 762,048.688 Q
Us-25#17 3,575.270 50.00 573,629.375 | 761,985.562 Q
US-25#19 3,498.600 50.00 576,242.625 | 761,747.125 Q
US-25 #21 3,842.000 50.00 578,542.938 | 761,629.125 Q
U-25 TC #3 3,763.620 45.00 613,080.188 | 756,807.188 Q
U-25TC #4 3,764.700 45.00 613,095.625 | 756,861.188 Q
U-25 TC #5 3,762.790 0.00 613,077.750 | 756,795.250 Q
USW G-1 4350150 | 6,000.00 | 561,001.062 | 770,501.625 Q
USW G-2 5,097.270 | 6,602.00 | 560,503.838 | 778,825.938 Q
USW G-3 4,856.000 | 5,031.00 | 558,483.312 | 752,779.625 Q
USW G4 4,166.130 | 3,001.00 | 563,081.750 | 765,807.500 Q
USW GA-1 5,186.950 551.00 | 559,246.812 | 779,367.188 Q
USWGU-3 4856700 | 5,031.00 | 558,501.625 | 752,690.000 Q
USW H-1 4,274.190 600.00 | 562,388.438 | 770,254.812 Q
USWH-3 4.866.470 | 4,000.00 | 558,451.875 | 756,542.000 Q
USW H-4 4,096.170 | 4,004.00 | 563,911.375 | 761,644.500 Q
USW H-5 4,851.350 | 4,000.00 | 558,908.438 | 766,634.125 Q
USWH-6 4,270790 | 4,002.00 | 554,074.938 | 763,299.438 Q
USW NRG-6 4,092.120 | 1,100.00 | 564,187.000 | 766,726.500 Q
USW NRG-7a 4207.170 | 1,5613.00 | 562,984.000 | 768,880.125 Q
Usw SsD-7 4472000 | 2,675.10 | 561,240.250 | 758,949.875 Q
USwW SD-9 4272640 | 2,223.00 | 561,818.000 | 767,998.500 Q
USW SD-12 4342820 | 2,166.30 | 561,605.625 | 761,956.562 Q
Uswuz-1 4424730 | 1,270.00 | 560,221.562 { 771,277.375 Q
UsSwWuz-6 4925170 | 1,887.00 | 558,325.000 | 759,730.188 Q
USW UZ-6s 4,849.160 519.00 | 558,050.688 | 759,908.312 Q
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Table Hil-1.  Surface-Based Boreholes (Continued)
Total .
Elevation Depth Easting Northing [Qualification
Borehole Identifier (feet) {feet) {feet) {feet) Status
UsSwuz-7 4,169.130 207.00 | 562,911.625 { 760,837.000 Q
UsSwuZ-7a 4,228.280 770.00 | 562,269.812 | 760,692.750 Q
Usw uUz-8 4,226.730 57.00 562,293.750 | 760,763.188 Q
USWUuUz-13 4,816.110 430.00 | 558,489.312 | 751,953.062 Q
Uswuz-14 4,425.400 | 2,207.00 | 560,141.562 | 771,309.812 Q
USW UZ-N11 5,221.790 84.40 5§59,020.938 | 780,573.938 Q
Tusw UZ-N15 5,107.810 59.90 559,551.750 | 778,090.562 Q
USW UZ-N16 5,114.980 60.00 559,626.000 | 778,150.812 Q
USW UZ-N17 5125750 | ~59.82 559,995.125 | 778,224.125 Q
USW UZ-N24 4,226.520 75.00 562,054.438 | 768,005.625 Q
USW UZ-N25 4,333.980 59.00 561,219.125 | 768,430.438 Q
USW UZ-N26 4,383.810 35.00 561,023.250 | 768,757.375 Q
USW UZ-N27 4,857.270 202.42 | 558,871.750 | 771,569.375 Q
USW UZ-N31 4,151.840 192.60 | 562,751.938 | 764,245.625 Q
USW UZ-N32 4,156.180 207.40 | 562,799.625 | 764,302.625 Q
USW UZ-N33 4,328.160 75.00 561,192.188 | 770,070.125 Q
USW UZ-N34 4,321.120 84.10 561,251.375 | 770,158.750 Q
USW UZ-N35 4,245.370 175.00 | 562,309.938 | 762,264.000 Q
USW UZ-N36 4,640.370 59.82 563,582.688 | 773,899.500 Q
USW UZ-N37 4,121.120 271.33 | 563,713.500 | 767,499.125 Q
USW UZ-N38 4,146.890 89.40 563,343.875 | 767,466.312 Q
UE-25 UZN #39 3,768.220 125.00 | 617,277.750 | 755,133.062 Q
USW UZ-1abh 4,079.7G0 35.00 564,221.438 | 76€,176.188 Q
USW UZ-N41 4,117.810 37.00 563,521.062 | 765,867.750 Q
USW UZ-N42 4,179.300 40.00 562,858.625 | 765,729.125 Q
USW UZ-N43 4,149.500 45.00 563,263.625 | 765,997.500 Q
USW UZ-N44 4,161.700 36.00 563,139.500 | 766,192.938 Q
USW UZ-N45 4,130.200 45.00 563,429.250 | 765,977.250 Q
USW UZ-N46 4,500.660 99.00 550,747.938 | 772,262.188 Q
USW UZ-N47 4,480.410 86.00 559,783.750 | 771,867.562 Q
USW UZ-N48 4,211.080 35.00 562,413.812 | 760,835.938 Q
USW UZ-N49 4,228.250 36.00 562,322.062 | 760,861.438 Q
USW UZ-N50 4,172.770 20.00 562,911.938 | 760,776.938 Q
USW UZ-N51 4,168.620 20.00 562,909.562 | 760,861.750 Q
USW UZ-N52 4,171.850 25.00 562,908.938 | 760,894.938 Q
USW UZ-N53 4,053.860 23470 | 564,237.250 | 760,096.250 Q
USW UZ-N54 4,044.070 24472 | 564,262.188 | 760,271.938 Q
USW UZ-N55 4,070.600 25530 | 564,248.250 | 760,502.875 Q
USW UZ-N57 4,183.660 118.90 | 560,829.812 | 755,164.500 Q
USW UZ-N58 4,179.230 118.80 | 560,862.188 | 755,240.375 Q
USW UZ-N59 4177.710 118.80 | 560,888.375 | 755,321.250 Q
USW UZ-N61 4,182.170 118.90 | 560,893.938 | 755,375.938 Q
USW UZ-N62 4,881.950 60.00 558,302.688 | 757,125.188 Q
USW UZ-N64 4,789.380 60.04 559,435.500 | 765,728.125 Q
USW UZ-N65 4.372.320 50.00 562,537.625 | 758,627.312 Q
USW UZ-N66 4,357.940 50.00 561,881.688 | 758,433.875 Q
USW UZ-N67 3,918.220 25.00 563,799.250 | 753,635.562 Q
USW UZ-N68 3,923.250 55.00 564,006.125 | 753,963.688 Q
USW UZ-N69 3,916.960 35.00 564,402.000 | 754,462.500 Q
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Table Ill-1.  Surface-Based Boreholes (Continued)
Total
Elevation Depth Easting Northing |Qualification

Borehole Identifier (feet) (feet) {feet) (feet) Status
USW UZ-N70 4,541.820 35.00 560,165.000 | 769,250.750 Q
USW UZ-N71 4,924.660 52.00 558,405.938 | 761,025.688 Q
USW UZ-N72 4,864.400 30.00 558,645.938 | 761,071.625 Q
USW UZ-N73 4,781.620 30.00 558,945.562 | 761,052.938 Q
USW UZ-N74 4,903.280 37.00 558,560.125 | 761,361.938 Q
USW UZ-N75 4,798.650 37.00 559,076.000 | 761,462.250 Q
USW UZ-N76 4,795.530 40.00 559,067.438 | 761,356.875 Q
USW UZ-N77 3,902.950 50.00 554,397.312 | 755,526.875 Q
USW UZ-N78 4,182.020 30.00 556,262.688 | 757,558.438 Q
USW UZ-N78 4,154.410 32.00 556,334.125 | 757,733.688 Q
USW UZ-N80 4,331.230 52.00 557,201.375 | 757,635.000 Q
USW UZ-N81 4,064.410 70.00 555,595.375 | 757,807.562 Q
USW UZ-N82 3,974.220 40.00 554,689.938 | 757,498.750 Q
USW UZ-N83 4,157.260 70.00 556,349.250 | 760,624.938 Q
USW UZ-N84 4,111.470 45.00 555,888.000 | 760,717.062 Q
USW UZ-N86 4,172.290 30.00 556,460.500 | 760,615.375 Q
USW UZ-N87 4,111.420 45.00 555,887.250 | 760,714.250 Q
USW UZ-N88 4,201.650 30.00 556,551.250 | 760,797.938 Q
USW UZ-N89 4,089.460 45.00 555,588.750 | 760,611.250 Q
USW UZ-NSO 4,089.340 45.00 555,587.438 | 760,609.250 Q
USW UZ-N83 4,924.030 40.00 558,321.000 | 759,584.062 Q
USW UZ-N94 4,925.860 30.00 558,236.688 | 759,723.312 Q
USW UZ-N85 4,928.700 20.00 558 172.625 | 759,898.750 Q
USW UZ-NG6 4,893.080 35.00 558,403.375 | 759,445.562 Q
USW UZ-N98 4,223.720 75.00 562,083.750 | 767,996.500 Q
USW VH-1 3.160.050 | 2,501.00 | 533,625.000 | 743,356.375 Q
USW VH-2 3197.080 | 4,000.00 | 526,264.500 | 748,321.062 Q
USW WT-1 3939.750 | 1,689.00 | 563,739.188 | 753,942.125 Q
USW WT-2 4268230 | 2,060.00 | 561,924.000 | 760,661.562 Q
USWWT-7 3,926.240 | 1,610.00 | 553,891.625 | 755,570.562 Q
USW WT-10 3685770 | 1,412.00 | 553,302.312 | 748,771.662 -Q
USW WT-11 3,589.100 144600 | 558,376.688 | 739,071.312 Q
UE-25 SPT#1 3,945.800 0.00 566,219.312 | 765,089.875 Q
USW UNK-2 3,925.910 0.00 553,793.812 | 755,580.062 Q
USW SRS-13 3,062.310 0.00 528,364.688 | 740,508.500 Q
USW SRS-11 2,998.000 202.30 | 522,693.000 | 737,205.000 Q
USW SRS-201 3,173.000 200.00 | 534,016.000 | 743,815.000 Q
USW SRS-203 3,364.000 152.00 | 539,831.000 { 747,042.000 Q
USW SRS-207 3,782.000 19420 | 550,960.000 | 753,855.000 Q
USW SRS-208.5a 4,244.000 0.00 556,764.000 | 757,559.000 Q
USW SRS-208.5b 4,244,000 0.00 556,764.000 | 757,5659.000 Q
USW SRS-211a 4,160.000 0.00 555,676.000 | 762,157.000 Q-
USW SRS-211b 4,160.000 0.00 555,676.000 | 762,157.000 Q
USW SRS-300 3,703.000 201.70 | 538,298.000 | 766,510.000 Q
USW SRS-302a 4,160.000 0.00 555,676.000 | 762,157.000 Q
USW SRS-302b 4,160.000 0.00 555,676.000 | 762,157.000 Q
UE-25 SRS #307r 3,661.000 0.00 570,958.000 | 756,207.000 Q
UE-25 SRS #311 3,356.000 0.00 577,865.000 | 755,087.000 Q
US-25#3 3,620.000 52.00 572,455.000 | 762,075.000 Q
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Table i-1.  Surface-Based Boreholes (Continued)
Total
Elevation Depth Easting Northing }Qualification

Borehole ldentifier (feet) (feet) {feet) (feet) Status
USW SRS-1 2,663.000 201.30 | 498:514.000 | 717,226.000 Q
USW SRS-3 2,670.000 202.40 503,010.000 | 721,851.000 Q
USW SRS-5 2,736.000 200.00 507,380.000 | 726,590.000 Q
USW SRS-7 2,954.000 0.00 511,821.000 | 730,880.000 Q
USW SRS-9 2,939.000 0.00 517,012.000 | 733,911.000 Q
UE-25 RF #9 3,671.700 106.00 570,642.688 | 765,945.625 NQ
UE-25 RF #10 3,669.700 60.00 570,229.062 | 765,307.125 NQ
US-25#1 4,258.500 53.00 565,422.750 | 762,630.500 NQ
US-25 #2 4,316.200 53.00 566,430.125 | 762,402.375 NQ
US-25#18 3,545.000 50.00 574,709.250 | 761,895.500 NQ
US-25 #20 3,485.000 50.00 577,174.688 | 761,613.375 NQ
UE-25 RF #11 3,665.400 78.00 570,433.625 | 765,621.500 NQ
UE-25 G #7 0.000 0.00 566,090.688 | 724,585.375 NQ
UsSwG-5 0.000 0.00 563,008.438 | 781,929.750 NQ
UsSw G-6 0.000 0.00 6548,924.062 | 778,721.312 NQ
UE-25 PH #1a 0.000 0.00 569,303.250 | 766,000.562 NQ
UE-25 PH #1b 0.000 0.00 569,303.250 | 766,000.562 NQ
USW V-1 0.000 0.00 518,001.469 | 729,600.125 NQ
uswv-2 0.000 0.00 578,906.938 | 683,721.312 NQ
Uswv-3 0.000 0.00 540,338.438 | 656,876.438 NQ
uswv-+4 0.000 0.00 546,412.875 | 654,950.938 NQ
UsSw sSD-11 0.000 0.00 558,315.188 | 758,175.000 NQ
USw SD-10 0.000 0.00 561,799.938 | 765,499.688 NQ
UE-25 SD #8 0.000 0.00 564,603.062 | 7€2,799.438 NQ
UE-25SD #5 0.000 0.00 564,969.438 | 764,630.625 NQ
Usw sD+4 0.000 0.00 562,800.500 | 764,264.562 NQ
UsSw SD-3 0.000 0.00 550,174.562 | 764,609.438 NQ
USw SD-2 0.000 0.00 559,799.688 | 767,700.688 NQ
USW SD-1 0.000 0.00 561,298.500 | 769,199.562 NQ
UE-25 RF #12 0.000 0.00 569,905.062 | 764,563.375 NQ
UE-25 RF #6 0.000 0.00 570,051.438 | 764,934.500 NQ
USW SRG-1 0.000 0.00 567,189.688 | 756,609.000 NQ
USW SRG-2 0.000 0.00 564,934,250 | 756,699.500 NQ
USW SRG-3 0.000 0.00 563,301.000 | 757,165.125 NQ
USW SRG-4 0.000 0.00 561,799.375 | 757,675.625 NQ
USW SRG-5 0.000 0.00 558,315.188 | 758,175.000 NQ
uswuz-10 0.000 0.00 561,123.688 | 750,138.938 NQ
UE-25 WT #18 0.000 0.00 589,972.688 | 747,978.125 NQ
UE-25 WT #20 0.000 0.00 565,140.938 | 728,303.500 NQ
UE-25 UZ #9 0.000 0.00 564,751.062 | 760,600.000 NQ
UE-25 UZP #1/2 0.000 0.00 569,199.188 | 730,400.438 NQ
USWH-7 0.000 0.00 568,652.625 | 762,290.500 NQ
Uswuz-11 0.000 0.00 556,613.188 | 757,399.375 NQ
Uswuz-12 0.000 0.00 556,055.000 | 757,399.625 NQ
uswuz-2 0.000 0.00 558,180.125 | 759,769.000 NQ
USWUZ-3 0.000 0.00 558,220.625 | 759,624.625 NQ
USW WT-21 0.000 0.00 550,327.500 | 760,085.688 NQ
USWWT-22 0.000 0.00 528,373.312 | 778,858.125 NQ
UE-25 FM #1 0.000 0.00 581,694.688 | 766,450.688 NQ
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Table IH-1.  Surface-Based Boreholes (Continued)
Total
Elevation Depth Easting Northing |Qualification
Borehole Identifier (feet) (feet) {feet) (feet) Status
USWWT-9 0.000 0.00 557,642.188 | 769,476.500 NQ
USW WT-23 0.000 0.00 559,597.375 | 772,549.688 NQ
USWWT-8 0.000 0.00 557,052.000 | 762,283.062 NQ
UE-25 FM #2 0.000 0.00 583,497.750 | 782,300.188 NQ
UE-25 UZ #15 0.000 0.00 558,327.562 | 759,731.812 NQ
UE-25 UZ #9b 0.000 0.00 564,849.312 | 760,600.250 NQ
UE-25 UZ #9a 0.000 0.00 564,800.188 | 760,600.125 NQ
UE-25 FM #3 0.000 0.00 5§72,400.062 | 776,000.438 NQ
UE-25 RF #3 3,657.700 151.00 | 571,098.938 | 765,5674.562 NQ
UE-25 RF #5 3,813.700 122.00 | 568,096.625 | 759,198.375 NQ
USW G-8 0.000 0.00 589,974.938 | 747,879.562 NQ
USW sei-101 0.000 0.00 518,361.188 | 750,233.750 NQ
USW sei-102 0.000 0.00 520,048.406 | 748,898.625 NQ
USW sei-103 0.000 0.00 523,975.906 | 747,567.500 NQ
USW sei-104 0.000 0.00 527,001.375 | 746,285.688 NQ
USW sei-105 0.000 0.00 530,036.062 | 745,034.750 NQ
USW sei-106 0.000 0.00 533,185.125 | 743,644.062 NQ
USW sei-202 0.000 0.00 536,933.438 | 745,458.250 NQ
USW sei-203 0.000 0.00 539,792.500 | 747,100.812 NQ
USW sei-204 0.000 0.00 542 720.750 | 748,600.812 NQ
USW sei-205 - 0.000 0.00 545,424.688 | 750,475.688 NQ
USW sei-206 0.000 0.00 548,208.812 | 752,281.500 NQ
USW sei-207 0.000 0.00 551,012.875 | 753,964.000 NQ
USW sei-208 0.000 0.00 553,910.688 | 755,506.750 NQ
USW sei-210 0.000 0.00 560,492.375 | 759,085.062 NQ
USW sei-211 0.000 0.00 563,782.562 | 760,396.438 NQ
UE-25 sei #212 0.000 0.00 567,096.312 | 762,001.188 NQ
USW sei-300 0.000 0.00 538,287.062 | 766,675.500 NQ
USW sei-301 0.000 0.00 553,789.688 | 763,838.875 NQ
USW sei-302 0.000 0.00 555,748.188 | 762,326.250 NQ
USW sei-303 0.000 0.00 557,884.562 | 760,191.938 NQ
USW sei-304 0.000 0.00 560,492.375 | 759,085.062 NQ
USW sei-305 0.000 0.00 563,074.062 | 757,796.500 NQ
UE-25 sei #306 0.000 0.00 568,612.125 | 757,474.875 NQ
UE-25 sei #307 0.000 0.00 570,935.812 | 755,094.812 NQ
UE-25 sei #308 0.000 0.00 573,436.125 | 756,183.062 NQ
UE-25 sei #401 0.000 0.00 570,170.500 | 753,062.562 NQ
UE-25 sei #402 0.000 0.00 570,930.750 | 756,197.438 NQ
UE-25 sei #403 0.000 0.00 573,078.812 | 758,763.812 NQ
UE-25 sei #404 0.000 0.00 574,640.312 | 761,791.188 NQ
UE-25 sei #405 0.000 0.00 576,541.062 | 762,269.875 NQ
UE-25 sei #406 0.000 0.00 578,474.000 | 764,783.312 NQ
UE-25 sei #407 0.000 0.00 580,117.812 | 767,598.750 NQ
UE-25 sei #501 0.000 0.00 575,152.500 | 746,480.438 NQ
UE-25 sei #502 0.000 0.00 576,372.750 | 749,508.375 NQ
UE-25 sei #503 0.000 0.00 577.438.562 | 752,573.438 - NQ
UE-25 sei #504 0.000 0.00 578,119.562 | 755,831.938 NQ
UE-25 sei #505 0.000 0.00 578,432.938 | 759,524.062 NQ
UE-25 sei #506 0.000 0.00 576,538.875 | 762,268.500 NQ
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Table lll-1. Surface-Based Boreholes (Continued)
Total
Eievation Depth Easting Northing |Qualification
Borehole Identifier (feet) (feet) {feet) (feet) Status
UE-25 sei #507 0.000 0.00 574,469.250 | 764,843.188 NQ
UE-25 sei #510 0.000 0.00 570,335.562 | 773,569.312 NQ
UE-25 sei #511 0.000 0.00 569,026.875 | 776,679.312 NQ
UE-25 sei #512 0.000 0.00 566,600.500 | 778,941.188 NQ
USW sei-513 0.000 0.00 563,990.125 | 780,902.938 NQ
USW sei-514 0.000 0.00 561,459.875 | 783,083.125 NQ
USW sei-515 0.000 0.00 559,068.438 | 785,222.188 NQ
USW sei-516 0.000 0.00 557,528.375 | 786,778.562 NQ
UE-25 UZ #4a 0.000 0.00 566,138.375 | 768,716.250 NQ
UE-25 UZ #5a 0.000 0.00 566,134.188 | 768,591.250 NQ
USWUZ-8a 0.000 0.00 562,292.625 | 760,762.438 NQ
UE-25 PTH #2 3,641.730 0.00 571,147.438 | 764,847.000 NQ
UE-25 PTH #3 3,642.280 0.00 571,098.312 | 764,946.875 NQ
USW WT-25 0.000 0.00 553,603.562 | 788,691.375 NQ
USW WT-26 0.000 0.00 553,673.438 | 752,287.250 NQ
USW WT-27 0.000 0.00 524,360.500 | 800,774.188 NQ
UE-25 PTH #1 3,640.270 0.00 571,198.750 | 764,947.125 NQ
UE-25 PTH #4 3,639.610 0.00 571,096.375 | 764,845.500 NQ
UE-25 PTH#5 3,639.560 0.00 571,147.688 | 764,847.000 NQ
UE-25 PTH #6 3,638.230 0.00 571,199.000 | 764,847.125 NQ
UE-25 PSF #7 3,641.010 0.00 571,152.000 | 764,895.625 NQ
USW NRG-5a 0.000 0.00 564,769.875 | 767.888.500 NQ
USW NRG-7 4,209.400 0.00 563,006.688 | 768,846.500 NQ
USW NRG-8¢ 0.000 0.00 568,704.938 | 766,032.438 NQ
USW NRG-8b 0.000 0.00 568,801.062 | 765,978.500 NQ
USW NRG-8a 0.000 0.00 568,088.688 | 765,927.625 NQ
UE-25 NRG #2e 0.000 0.00 568,102.812 | 765,822.312 NQ
USW SRS-102 0.000 0.00 520,948.406 | 748,899.625 NQ
USW SRS-104 0.000 0.00 527,001.375 | 746,285.688 NQ
USW SRS-106 0.000 0.00 533,185.125 | 743,642.688 NQ
USW SRS-205 0.000 0.00 525,425.062 | 750,475.375 NQ
USW SRS-205a 0.000 0.00 525,425.062 | 750,475.375 NQ
USW SRS-205b 0.000 0.00 525,425.062 | 750,475.375 NQ
USW SRS-211 0.000 0.00 563,474.188 | 760,540.125 NQ
USW SRS-302 0.000 0.00 555,748.188 | 762,327.625 NQ
USW SRS-305 0.000 0.00 563,203.750 | 757,705.125 NQ
USW SRG-3a 0.000 0.00 563,350.125 | 757,165.260 NQ
USW SRS-305a 0.000 0.00 563,176.938 | 757,705.062 NQ
USW SRS-305b 0.000 0.00 563,230.562 | 757,705.188 NQ
UE-25BS #1 0.000 0.00 570,441.875 | 765,016.062 NQ
UE-25BS #2 0.000 0.00 570,450.875 | 764,989.688 NQ
UE-25BS #3 0.000 0.00 570,372.625 | 765,032.562 NQ
UE-25 BS #4 0.000 0.00 570,319.000 | 765,061.562 NQ
UE-25 PL #1 0.000 0.00 571,487.000 | 763,092.500 NQ
UE-25PL#2 0.000 0.00 571,513.750 | 763,106.500 NQ
UE-25 PL #3 0.000 0.00 571,473.500 | 763,142.500 NQ
UE-25PL #4 0.000 0.00 570,966 625 | 764 060.562 NQ
UE-25PL #5 0.000 0.00 570,955.435 | 764,082.750 NQ
UE-25 PL #6 0.000 0.00 570,942.000 | 764,104.938 NQ
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Table IH-1. Surface-Based Boreholes (Continued)
Total
Elevation Depth Easting Northing [Qualification
Borehole Identifier|  (feet) {feet) ({feet) (feet) Status
UE-25 PL #7 0.000 0.00 570,894.875 | 764,192.312 NQ
UE-25PL #8 0.000 0.00 5§70,881.438 | 764,214.500 NQ
UE-25 PL #9 0.000 0.00 570,868.000 | 764,236.625 NQ
UE-25 PL #10 0.000 0.00 570,441.875 | 765,016.062 NQ
UE-25 PL #11 0.000 0.00 §70,450.875 | 764,989.688 NQ
UE-25 PL #12 0.000 0.00 570,435.250 | 764,998.000 NQ
UE-25 PL #13 0.000 0.00 570,372.625 | 765,032.562 NQ
UE-25 PL #14 0.000 0.00 570,348.062 | 765,046.375 NQ
UE-25 PL #15 0.000 0.00 570,319.000 | 765,061.562 NQ
Unknow Unknown 0.000 0.00 562,368.688 | 760,709.312 NQ
USW sei-201 0.000 0.00 534,039.688 | 743,907.375 NQ
USW SP-5a 3,368.900 0.00 538,653.375 | 751,454.875 NQ
USW SP-5b 3,366.100 0.00 538,763.875 | 751,426.875 NQ
U-12 g 6,114.000 0.00 637,708.000 | 881,027.000 NQ
USW SD-13 0.000 0.00 560,872.000 | 773,837.000 NQ
UE-20PM #2 - 5,586.000 | 8,782.00 | 528,664.812 | 944,583.250 NQ
UE-20 PM #1 6,5658.000 | 7,858.00 | 5§75,885.625 | 921,109.250 NQ
UE-12 DOL 0.000 0.00 638,611.375 | 886,664.875 NQ
U-15k 5,168.000 857.00 | 677,459.000 | 903,088.000 NQ
UE-3 TWE 4,934.000 | 3,000.00 | 695,991.375 | 839,984.625 NQ
UE-27 TWF 4,143.000 3,400.00 | 661,206.938 | 731,855.750 NQ
USW TW-3 3,477.000 | 1,860.00 | 736,937.000 | 750,189.000 NQ
USW TW-5 3,050.000 9:6.00 607,632.000 | 687,231.000 NQ
USWTW-4 0.000 1,500.00 | 755,786.000 | 669,497.000 NQ
UE-16b 4,894.060 351.00 +0,345.000 | 839,498.000 Q
UE-20 ¢ 6,283.000 | 4,800.00 | 556,763.000 | 903,204.000 NQ
UE-181 5,201.000 | 2,600.00 | 598,394.000 | 865,793.000 NQ
UE-25 RF #13 3,671.030 0.00 570,720.119 | 765,500.041 Q
USW SD-6ST1 4,905.400 0.00 558,652.625 | 762,290.500 NQ
USWWT-24 4,900.280 0.00 562,329.905 | 776,703.061 Q
U-20f 6,117.000 4,202.00 | 551,857.000 | 917,825.000 NQ
UE-15d 4,586.000 | 6,001.00 | -682,084.000 | 895,709.000 NQ
UE-19¢c 7,033.000 | 8,489.00 | 601,027.000 | 917,000.000 NQ
UE-2 WW #2 4,470.000 | 3,422.00 | 668,720.000 | 880,000.000 NQ
UE-5 WW #5a 3,093.000 910.00 | 707,514.000 | 738,361.000 NQ
UE-5 WW #5b 3,092.000 900.00 | 704,263.000 | 747,359.000 NQ
UE-5 WW #5¢ 3,081.000 | 1,200.00 | 705,888.000 | 742,860.000 NQ
UE-18 WW #8 5,695.000 | 5,499.00 | 609,999.000 | 879,468.000 NQ
UE-6 WWc 3,921.000 | 1,701.00 | 692,061.000 | 790,082.000 NQ
UE-6 WW c #1 3,921.000 | 1,707.00 | 692,132.000 | 790,011.000 NQ
USW SD-6 4,905.320 | 2,541.00 | 558,607.680 | 762,421.390 Q
UE-25 NRG #1 3,754.600 150.00 | 569,803.350 | 765,359.030 Q
UE-20f 6,116.000 0.00 552,007.000 | 917,825.000 NQ
Source: DTN: MO0002COV00084.001
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Table llI-2. Surface-Based Boreholes in the Vicinity of the Subsurface Facility

Borehole Elevation Total Depth Borehole Bottom Easting Northing Qualification
ldentifier feet meters feet meters | Elevation (meters) feet meters feet meters Status
USW G-1 4,350.150] 1,325.9426,000.00( 1,828.822 -502.88 561,001.062|170,995.2031770,501.625| 234,851.751 Q
USW G-3 4,856.090] 1,480.154|5,031.00( 1,533.467 -653.31 558,483.312|170,227.783| 762,779.625| 229,450.020 Q
UsSw GU-3 4,856.700} 1,480.340] 5,031.00( 1,533.467 -53.13 558,501.625]170,233.365| 752,690.000 | 229,422,702 Q
USW H-1 4,274.190] 1,302.789] 600.00 | 182.882 1,119.91 562,388.438]171,418.080| 770,254.812| 234,776.522 Q
USW H-3 4,866.4701 1,483.318(4,000.00{1,219.215 264.10 558,451.875|170,218.201] 756,542.000{ 230,596.806 Q
USW H-5 4,851.350] 1,478.709| 4,000.00(1,219.215 259.49 558,908.438| 170,357.363| 766,634.125] 233,672.923 Q
USW SD-12 4,342,820} 1,323.708{2,166.30| 660.296 663.41 561,605.625|171,179.476| 761,956.562| 232,247,184 Q
USw SD-6 4,905.320/( 1,495.160{2,5641.00| 774.506 720.65 558,607.680 170,265.691| 762,421.390] 232,388.866| Q
USW SD-7 4,472.000( 1,363.082]2,675.10{ 815.380 547.70 561,240.250]171,068.108| 758,949.875]231,330.735 Q
usw SD-9 4,272.640[1,302.317|2,223.00} 677.579 624.74 561,818.000| 171,244.209] 767,998.500 | 234,088.789 Q
USW UZ-1 4,424.730] 1,348.674| 1,270.00| 387.101 961.57 560,221.562]170,757.609] 771,277.375{ 235,088.203 Q
USW UZ-14 4,425.40011,348.878]2,207.00} 672.702 676.18 560,141.562| 170,733.224| 771,309.812| 235,098.089 Q
USwW uUzZ-6 4,925.170{1,501.210( 1,887.00| 575.165 926.05 558,325.000] 170,179.5629] 759,730.188 | 231,568.577 Q
USWUZ-7a 4,228.280(1,288.795] 770.00 | 234.699 1,064.10 562,269.812]171,381.923] 760,692.750| 231,861.970 Q
USW WT-2 4,268.230} 1,300.972{ 2,060.00{ 627.896 673.08 561,924.000[171,276.518| 760,661.562} 231,852,463 Q
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ATTACHMENT IV
VENTILATION INTERFACE CALCULATIONS

In order to determine the number of shafts required to support the subsurface layout, the
limitations of the intake and exhaust airflow openings must be examined.

IV.1 Intake Airflow Opening Limitations
A single intake shaft will feed through intake shaft accesses to both the East Main and the West

Main (see Section 5.2.7.8) and as illustrated in Figure IV-1. The access mains are excavated as
7.62-meter diameter TBM openings (see Section 5.2.7.2)

‘ NE : East Main I SE I
“«— , —_—

A

k
Access

—
Airflow
Direction

«— Y v ——»
l NW % West Main { Sw I

Figure IV-1. Intake Shaft and Access General Arrangement

Maximum Intake Shaft Access Airflow Volume-The maximum airflow volume that can be
accommodated in each of the intake shaft access openings, feeding to either the East or West
Main and the South Ramp, is 289.36 m°/s as calculated below.

V = A x v

Where: \Y% = airflow volume (m3 /s),
A = Opening cross-sectional area (m?), and
v = airflow velocity (m/s).

When: A = 36.17 m* (see Section 4.1.7.1), and
v = 8 mv/s (see Section 5.2.7.4),

V = 36.17m? x 8m/s

289.36m’ /s

<
il
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Intake Shaft Maximum Airflow Volume and Minimum Effective Area-Since the shaft feeds
two access drifts, one to the East Main and the other to the West Main, the maximum airflow
volume required per intake shaft would be twice the maximum access drift airflow volume, or
578.72 m>/s. This in turn dictates the minimum effective intake shaft area, the unobstructed area
within the opening, of 28.94 m?, required to support the intake airflow volume as calculated
below.

\Y
A = —

v
When: \Y = 578.72 m’/s, and

v = 20 m/s (see Section 5.2.7.4),
A - 578.72m? /s
20m/s

A = 2894m’

North Ramp, East Main, and West Main Maximum Airflow Volume-The North Ramp, East

and West Mains can each accommodate a maximum airflow volume of 217.02 m’/s in one
direction as calculated below.

When: A = 36.17 m? (see Section 4.1.7.1), and
v = 6 m/s (see Section 5.2.7.4),
V = 36.17m’ x 6m/s

V = 217.02m?*/s

Cross-block and Test and Evaluation Facility Minimum Airflow Volume-The minimum
design airflow volume that can be accommodated in the cross block and Test and Evaluation
facility drift splits is 19.63 m’/s as calculated below.

V = A x v

When: A = 19.63 m? (see Section 4.1.7.1), and
v = 1 m/s (see Section 5.2.7.1),

V = 19.63m’> x 1m/s

V = 19.63m’/s
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I1V.2 Thermal Expansion

The overall heat output of the WPs is approximately 1.45 kW/m (see Section 6.2.3.2) and the
intake air to the emplacement drifts will expand because it will be heated as it passes the WPs.
The anticipated exhaust air temperature can be interpolated from Figure IV-2. This figure
represents temperature profiles of the exhaust air at various overall WP heat output values for an
emplacement drift ventilation rate of 15 m>/s along a 600 meter (see Section5.2.4) long
emplacement drift (see Section 4.1.7.3). -

63 i ; i 4
ol | ] | . P
61 P

60 | ~
59 : : : i ,/ ?
| ! / | !
8 . : . : . :
° : i /T - y=234x+252]
57 i : . : - i |
: ! = ' | 1
56 : // ; : |
: E 1 ‘ |
55 ‘ : : : i

- : L f i |
> 7/ \ ; i - ; :
4 : ﬁ } f 5 |

53

Exhaust Air Temperature (degrees Celsius)

1.2 i3 1.4 1.5 1.6
Overall WP Heat Output (kW/m)

Figure IV-2. Overall Heat Output versus Exhaust Air Temperature

Based on the trend line, the approximate exhaust air temperature from the emplacement drift at a
overall WP heat output of 1.45 kW/m and a ventilation airflow rate in the emplacement drift of
15 m’/s is 59.13 degrees Celsius, as calculated below.

y = 234x + 252

Where: y = temperature (° Celsius) and
X = overall WP heat output (kW/m).
Where: X = 1.45 kW/m,
y = 234(145kW/m) + 252
y = 59.13°Celsius
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In order to determine the thermal expansion of the airflow volume, the temperature in degrees
Celsius must be converted to degrees Kelvin using the formula indicated in Section 4.1.7.4.

Intake Air Temperature in Kelvin =~ = 25 © Celsius (see Section 5.2.7.12) + 273.15

= 298.15 °Kelvin

I

Exhaust Air Temperature in Kelvin 59.13 °C +273.15

= 332.28 °Kelvin

The maximum thermal expansion of the airflow volume per drift split is approximately
16.72 m/s as calculated below using Charles’ Law of Thermal Expansion (see Section 4.1.7.4).

Vl _ Tl
v, T,
Where: V|, = intake airflow volume,
V, = exhaust airflow volume,
T, = absolute intake air temperature in °Kelvin, and
T, = absolute exhaust air temperature in °Kelvin.
When: V=15 m°/s (see Section 6.2.3.4),

T, = 298.15 °Kelvin, and
T, =332.28 °Kelvin.

15m?/s 298.15° Kelvin

v,  332.28°Kelvin

332.28°Kelvin x 15m’/s
2 " 298.15° Kelvin

Vv, = 1672m’/s
IV.3  Exhaust Main

The Exhaust Main will be partitioned to separate the heated exhaust air exiting the emplacement
drifts from the cooler service air exiting from drifts such as the Test and Evaluation Facilities,
the standby drifts, and the cross-block drifts (see Sections 6.2.1.2 and 4.2.4.12) in the event that
human access is required in the Exhaust Main (see Section 5.2.7.5). One side of the Exhaust
Main will accommodate the ventilation controls at the emplacement drift raises as well as
exhausting the cooler service air. This side of the Exhaust Main will be referred to as the service
side. The other side of the Exhaust Main will exhaust the heated air exiting the emplacement
drifts and postclosure test drifts. This side will be referred to as the exhaust side. Both sides of
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the Exhaust Main may require rail, lights, and utilities in the event human access is required (see
Section 5.2.7.5). The partition wall, a 0.2-meter thick stopping (see Section 5.2.7.6) will
separate the service and exhaust sides of the Exhaust Main. ‘

Exhaust Main Invert-Since both sides of the Exhaust Main will need to accommodate rail
transportation, the width of the top of an invert for a 7.62 m main must be calculated as
" illustrated in Figure IV-3 and as shown below to determine if there is sufficient width to support
the stopping and two sets of rail. The width of the invert for the Exhaust Main will be calculated
based on the invert size specified for the ramps and mains (see Section 5.2.7.7) in order to bound
the maximum airflow volume in the drift.

- 7.62m.
e 7.02m.

Y.
Y

E
|
P
!

i<——W| =4.02m.—————

Figure IV-3. Typical Exhaust Main With Invert

w, = 2 x [sin(®) x R]

Where: W = Invert width (m),
0 = Angle between drift centerline and outermost part of invert
(degrees), and
R; = Inside-opening radius (m).
When: 6 = 34.9 degrees (see Section 4.1.7.2),
R; = 3.51 meters (see Section 4.1.7.2).
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W,

2 x [Sin(34.9°) X 3.51 meters]

W, = 4.02 meters

There should be sufficient space on each side of the Exhaust Main to accommodate a typical rail
gauge of 1.44 meters (see Section4.1.7.2) since the invert width in each side of the Exhaust
Main is 1.91 meters as calculated below.

WV, - W
Invert Width, Each Side = _LT—S
Where: W = Invert Width (m) and
Ws = Width of Stopping (m).
Where: Wi = 4.02 meters and
Ws = 0.2 meters (see Section 5.2.7.6).
Invert Width, Each Side = 4.02 meters 2—— 0.2 meters

Invert Width, Each Side = 1.91 meters

Obstruction Areas in the Exhaust Main-The effective area of both the exhaust side and the
service side of the Exhaust Main must be calculated to determine the airflow volumes that can be
accommodated. In order to determine the effective area, the areas of the obstructions within the
openings must be calculated.

The area of the ventilation stopping (partition wall) is 1.28 m? as calculated below.

H, e = Openingdiameter(m) - Lining thickness(m) - Invert height (m)
Where: Histopping = Height of the Stopping (m).
When: Opening diameter = 7.62 meters (see Section 5.2.7.2),
Lining thickness = 0.3 meters (see Section 4.1.7.2), and
Invert height = 0.933 meters (see Section 4.1.7.2).
Hppng = 7-62meters — O3 meters — 0.933 meters
Hopping = 6-39 meters
Astopping = Ws(opping x H stopping
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Where: Asiopping = Area of the Stopping (m?),

Wiopping = Width of the Stopping (m), and
Hgopping = Height of the Stopping (m).

When: Wtopping = 0.2 meters (see Section 5.2.7.6), and
Hiiopping = "6.39 meters.

Aopping = 0-2meters X 6.39 meters

A = 1.28m’

stopping

The area occupied by the tie is 0.19 m? as calculated below.

A, = InvertWidth EachSide x Hy
Where: Age = Area of the tie (m?) and
Hige = . Height of the tie (m).
When: Wie = © 1.91 meters and
Hiee = 0.1 meters (see Section 4.1.7.2).
A; = 191meters x 0.1meters
A, = 019m?

tie

Exhaust Side-The effective area of the exhaust side of the Exhaust Main is 17.07 m’ as
calculated below.

The total area, excluding obstructions is one-half of the opening area with the invert and the
stopping area as calculated below.

TA e - Aopcning Alnz\'/ert Astopping

Where: TAexhaust = Total area of exhaust side (mz),
Aopening = Area of the opening (m?),
Ajnvert = Area of the invert (m?), and
Astopping = Area of stopping (m?).

When: Aopening = 38.7 m” (see Section 4.1.7.2),
Ajnvent = 1.73 m? (see Section 4.1.7.2), and
Astopp'mg = 1.28 m2.
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387m® - 1.73m? - 128m’
TA =

exhaust 2

TA 17.85m?

i

exhaust

The Effective area for the exhaust side can now be calculated as the total area less all of the
obstruction areas.

EAexhaust = TA exhaust - (A tie + Arails + Autilities + Alight )
Where: EAexhaust = Effective area of exhaust side (mz),
TAexhaust = Total area of exhaust side (m?),
Adie = Area of rail tie (m?),
Araiis = Area of rails (mz),
Auilities = Area of utilities (m?), and
Alight = Area of light fixture (rnz).
When: T Acxhaust = 17.85 m?,
Asie = 0.19 m?,
Anaits = 0.0145 m? (see Section 4.1.7.2),
Aulities = 0.474 m* (see Section 4.1.7.2), and
Ajight = 0.1 m? (see Section 4.1.7.2).
EA... = 1785m?> — (0.19m> + 00145m’ + 0474m’ + 01m’ )
EA = 17.07m?’

exhaust

The exhaust side of the Exhaust Main can support an airflow volume of 136.56 m*® in one
direction as calculated below.

Volume Ao X Velocity g

When: VeloCityexhaust = 8 m/s (see Section 5.2.7.4).
Volume,,,,, = 17.07 m’ x 8m/s

Volume = 136.56m’/s

exhaust

The exhaust side of the Exhaust Main can support four drifts exhausting heated air, or eight splits
as indicated below.

VOlume:xhausl

N E\/olume' X 2)

split

Number of Emplacement Drifts
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When: EVolumegii

i

Number of Emplacement Drifts

Number of Emplacement Drifts

Expanded Volume of Exhaust Air from
Heated Drift Split (m*)

16.72 m*/s (see Section IV.2)

136.56 m> /s
(16.72m3/s X 2)

4.08, or approximately 4

Service Side-The service side of the Exhaust Main contains the control valves from the exhaust
raises. The top two meters of the Exhaust Main on the service side will accommodate the control
valves from the exhaust raise, since the raise is two meters in diameter. The area that this control
valve obstructs in the service side airway is 4.29 m? as calculated below.

In order to determine this obstruction area, the area defined by the arc of P degrees (Area 1 plus
Area 2) must be calculated, and the area defined as Area 2 and the portion of Area 1 occupied by

the stopping are subtracted (see Figure IV-4).

‘/Stopping

;‘—3'51""—_’& {

i
7.62m. >

[y

Figure IV-4. Exhaust Side Area Determination
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1.51 meters

Cosine = —
® 3.51 meters
B = Co sine”! 1.51 meters
3.51 meters
B = 64.5°

The area defined by the arc of B degrees is 6.93 m? as calculated below.

AB=an2x(B)
360°

Where: Ap = Area defined by the arc of B degrees (Area 1 plus Area 2)

Ay = ® X (Z’:.Slmeters)2 X (64’5)
360°
A, = 693m’

In order to determine Area 1, Area 2 must be determined and subtracted from Ar. 6.93 m?.

Areal = A‘3 — Area?2
Areal = Aﬁ - (yz X 3.5lmeters x 1.51 meters)
Areal = 693m* - % x 3.51meters x 1.51 meters)

Areal = 693m? - 2.65m’

Areal = 4.28m’

In order to determine the control valve obstruction area, the portion of Area 1 occupied by the
stopping must be subtracted from Area 1, 4.28 m’.

Ao, = Areal - A

Where: Acyv = Area of the control valve (m?) and
As Portion of Area 1 occupied by the stopping (mz).
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W,
A3 = (__s';ﬂ"‘_g X HArealJ

Where: Harea1 = 2 meters (see Figufe IV-4).
A; = [M 2 fneters)
Ao = 428m’ - [m 2 meters)

Ao = 4.08m’

The effective area for the service side is 12.99 m? and is calculated as the effective area of the
exhaust side less the area reserved for the control valves.

EA service EA exhaust A Ccv
EA,.. = 1707m’ - 4.08m’
EA = 12.99m?’

service

The service side can support an airflow volume of 103.92 m’/s as calculated below.

Volume, ... = Agpnie X VelOCItY i

When: VeloCityexhaust = 8 m/s (see Section 5.2.7.4).
Volume_,, = 1299m’ x 8m/s

Volume = 103.92m’/s

service

The service side of the Exhaust Main will be able to accommodate five cross-block, standby, or
Test and Evaluation Facility drift splits as calculated below.

Vol _
Number of Splits = o osenice
Volume
When: - Volumegn = Volume per Cross-block or Test and Evaluation
Drift Split (m’)
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= 19.63 m/s (see Section IV.1)

103.92 m? /s

Number of Splits 7
19.63m" /s

Number of Splits

il

5.29, or approximately 5

IV.4 70,000 MTU Case

Figure 11 shows the 70,000 MTU Layout for SR. Based on the calculations in Sections IV.1,
IV.2, and IV.3, as well as the calculations that follow, there are five intake openings (three shafts
and two ramps) and four exhaust shafts in the layout.

IV.4.1 Intake Airflow Volumes

The design airflow volumes that can be accommodated in the intake openings are listed in
Table IV-1.

Table IV-1. Intake Opening Design Airflow Volumes — 70,000 MTU Case

Intake Opening Description Design Airflow Volume Section Reference
(m’Is)
North Ramp ’ 217.02 Section V.1
intake Shaft 1 578.72 Section V.1
Intake Shaft 2 578.72 Section IV.1
intake Shaft 3 578.72 Section V.1
South Ramp 289.36 Section V.1
TOTAL ’ 2,242.54

The drift splits requiring ventilation and the total intake airflow volumes required are listed in
Table IV-2.

Table I\_/-2. Required Intake Ventilation Split Airflow Volumes — 70,000 MTU Case

Heading Description | Number of Drift Required Total Airflow Section Section
Splits Airflow Volume Voiume (m¥/s) Reference for Reference for
(m%fs) Number of Drift Required
Splits Volume
ECRB 2 19.63 39.26 Section 6.2.4.2 Section V.1
:gi}l:;“gg‘f‘“a“°“ 5 19.63 98.15 Section 6242 | Section IV.1
Standby Drifts 4 15.00 60.00 Section 6.2.4.2 Section 6.2.3.4
Cross-block Drifts 6 19.63 117.78 Section 6.2.4.2 Section IV 1
Test and Evaluation
Facility Postclosure 2 15.00 30.00 Section 6.2.4.2 Section 6.2.3.4
Test Drifts
Emplacement Drifts 104 15.00 1,560.00 Section 6.2.4.2 Section 6.2.3.4
Contingency 12 15.00 180.00 Section 6.2.4.2 Section 6.2.3.4
TOTAL 2,085.19
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Intake Airflow Volume Allocations-Each intake shaft and ramp is designated by the airflow
volumes that must support the intake airflows to specific headings within the Subsurface Facility.
The intake ventilation airflow allocations outlined in Table IV-3 to Table IV-7 are depicted in
Figure IV-5. The zones shown in Figure IV-5 are used for planning only. Ventilation
simulations will provide a more accurate representation of airflow distribution.

The design capacity of the North Ramp is 217.02 m’/s (see Table IV-1), which can supply intake

air to the north end of the repository to Emplacement Drift 3 (see Table IV-3) without violating
the velocity constraints in the mains or the ramps as outlined in Sections 5274andIV.1.

Table IV-3. North Ramp Intake Airflow Volume Allocation — 70,000 MTU Case

Heading Description Number of Splits Required Ail;ﬂow Volume Total Volume (m°)
{m-/s)
ECRB 1 19.63 19.63
Test and Evaluation Facility 3 19.63 - 58.89
ODs
Standby Drifts 0 15.00 0.00
Cross-block Drifts 0 18.63 0.00
Test and Evaluation Facility 2 15.00 30.00
Postclosure Drifts
Emplacement Drifts 6 15.00 90.00
Contingency 0 15.00 0.00
Total 198.52
Extra Capacity 18.5

The design capacity of Intake Shaft 1 is 578.72 m°/s (see Table IV-1). Intake Shaft 1 can supply
intake air to the repository facilities located between Emplacement Drifts 4 and 19 (see
Table IV-4) without violating the velocity constraints in the mains, shafts, or intake accesses as
outlined in Sections 5.2.7.4 and IV.1. '

Table IV-4. Intake Shaft 1 Intake Airflow Volume Allocation - 70,000 MTU Case

Number of Splits Required Total Airflow Volume (m’/s)
Heading Description NE SE NW SwW Airﬂow:\lolume NE SE NW Sw
(m°/s)
ECRB 0 0 0 0 18.63 0.00 0.00 0.00 0.00
Test and Evaluation Facility 0 0 0 0 19.63 0.00 0.00 0.00 0.00
ODs
Standby Drifts 1 0 1 0 15.00 15.00 0.00 15.00 0.00
Cross-block Drifts 0 1 0 1 19.63 0.00 19.63 0.00 19.63
Test and Evaluation Facility 0 0 0 15.00 0.00 0.00 0.00 0.00
Postclosure Drifts
Emplacement Drifts 5 11 5 11 15.00 75.00 165.00 75.0 165.00
Contingency 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Total 90.00 184.63 90.00 184.63
Total per Access 27463 27463
Shaft Total 549.26
Extra Shaft Capacity 29.46
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The design capacity of Intake Shaft 2 is 578.72 m’/s (see Table IV-1). Intake Shaft 2 can supply
intake air to the repository facilities located between Standby Drift 2 and Emplacement Drift 35
(see Table IV-5) without violating the velocity constraints in the mains, shafts, or intake accesses

as outlined in Sections 5.2.7.4 and IV.1.

Table IV-5. Intake Shaft 2 Intake Airflow Volume Allocation — 70,000 MTU Case

Number of Splits Required Total Airflow Volume (m’/s)
Heading Description NE SE NW | SwW AirﬂowSVolume NE SE NW SW
{m-ls)
ECRB 0 0 0 0 - 19.63 0.00 0.00 0.00 0.00
Test and Evaluation Facility 0 0 1} 0 19.63 0.00 0.00 0.00 0.00
ODs
Standby Drifts 1 0 1 0 15.00 15.00 0.00 15.00 0.00
Cross-block Drifts 1 0 1 0 19.63 19.63 0.00 19.63 0.00
Test and Evaluation Facility 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Postclosure Drifts -
Emplacement Drifts 10 6 10 6 15.00 150.00 90.00 150.00 60.00
Contingency 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Total 184.63 90 184.63 90
Total per Access 274.63 274.63
Shaft Total ~ 549.26
Extra Shaft Capacity 29.46

The design capacity of Intake Shaft 3 is 578.72 m°/s (see Table IV-1). Intake Shaft 3 can supply
intake air to the repository facilities located between Emplacement Drifts 36 and 50 (see
Table IV-6) without violating the velocity constraints in the mains, shafts, or intake accesses as
outlined in Sections 5.2.7.4 and IV.1.

Table IV-6. Intake Shaft 3 Intake Airflow Volume Allocation — 70,000 MTU Case

Number of Splits Required Total Airflow Volume {m'/s)
Heading Description NE SE NW | SW Airflowa\lolume NE SE NW SW
(m°Is)
ECRB 0 0 1 0 19.63 0.00 0.00 19.63 0.00
Test and Evaluation Facility 1 0 1 0 19.63 19.63 0.00 19.63 0.00
ODs '
Standby Drifts 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Cross-block Drifts 1 0 1 0 19.63 19.63 0.00 19.63 0.00
Test and Evaluation Facility 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Postclosure Drifts
Empiacement Drifts 8 7 8 7 15.00 120.00 | 105.00 | 120.00 | 105.00
Contingency 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Total 169.26 105 178.89 105
Total per Access : 264.26 283.89
Shaft Total 548.15
Extra Shaft Capacity 30.57

The design capacity of the South Ramp is 289.36 m>/s (see Table IV-1). South Ramp can supply
intake air to the repository facilities located between Emplacement Drifts 51 and 52, as well as
the contingency area (see Table IV-7), without violating the velocity constraints in the mains or
ramps as outlined in Sections 5.2.7.4 and IV.1.
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Table IV-7. South Ramp Intake Airflow Volume Allocation — 70,000 MTU Case
Heading Description Number of Splits Required Airflow Volume Total Airflow Volume
(m’s) (ms)
ECRB 0 19.63 0.00
Test and Evaluation Facility 0 19.63 0.00
ODs
Standby Drifts 0 15.00 0.00
Cross-block Drifts 0 19.63 0.00
Test and Evaluation Facility 0 15.00 0.00
Postclosure Drifts .
Emplacement Drifts 4 15.00 60.00
Contingency 12 15.00 180.00
Total 240.00
Extra Capacity 49.36

IV.4.2 Exhaust Airflow Volumes

The drift splits requiring ventilation and the total exhaust airflow volumes required are listed in

Table IV-8.
Table IV-8. Required Exhaust Ventilation Split Airflow Volumes — 70,000 MTU Case
Heading Description | Number of Drift Required Total Airflow Section Section
Splits Airflow Volume Volume (m?/s) Reference for Reference for
(m’ls) Number of Drift Required
Splits Volume

ECRB 2 19.63 38.26 Section 6.2.4 Section V.1

Test and Evaluation 5 19.63 98.15 Section 6.2.4 Section IV.1

Facility ODs

Standby Drifts 4 16.72 66.88 Section 6.2.4 Section 1V.2

Cross-block Drifts 6 19.63 117.78 Section 6.2.4 Section IV.1

Test and Evaluation

Facility Postclosure 2 16.72 33.44 Section 6.2.4 Section V.2

Test Drifts

Emplacement Drifts 104 16.72 1,738.88 Section 6.2.4 Section V.2

Contingency 12 16.72 200.64 Section 6.2.4 Section IV.2

TOTAL 2,295.03

Exhaust Airflow Volume Allocations-Airflow volumes are designated to each exhaust shaft
and the Exhaust Main to support the exhaust airflows from specific headings within the
Subsurface Facility. Each exhaust shaft, utilized to its full capacity, is connected to the Exhaust
Main by two accesses (see Section 5.2.7.9). The exhaust ventilation airflow allocations outlined
in Table IV-9 to Table IV-12 are depicted in Figure IV- 6. The zones shown in Figure IV- 6 are
used for planning only. Ventilation simulations will provide a more accurate representation of
airflow distribution.

Exhaust Shaft 1 can support the exhaust air from the north end of the repository through
Emplacement Drift 17 (see Table IV-9) without violating the velocity constraints in the Exhaust
Main as outlined in Sections 5.2.7.4 and IV.3.
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Exhaust Shaft 2 can support the exhaust air from the area between Emplacement Drift 18
through Emplacement Drift 35 and the ECRB (see Table IV-10) without violating the velocity
constraints in the Exhaust Main as outlined in Sections 5.2.7.4 and IV.3.

Exhaust Shaft 3 can support the exhaust air from the area between Emplacement Drift 36
through Emplacement Drift 52 and Contingency Drift 1 (see Table IV-11) without violating the
velocity constraints in the Exhaust Main as outlined in Sections 5.2.7.4 and IV.3.

Exhaust Shaft 4, which is for contingency only, can support the exhaust air from the area

between Contingency Drift 2 through Contingency Drift 6 (see Table IV-12) without violating
the velocity constraints in the Exhaust Main as outlined in Sections 5.2.7.4 and IV 3.
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Table IV-9. Exhaust Shaft 1 Exhaust Airflow Volume Allocation ~ 70,000 MTU Case
— I l;l\umt;er of :plits X R:mﬂred Total Airflow Volume (m7/s)
cc cc cc cc 2 Acc 2 cc2 low Acc1 Acc 1 A
Heédlng Description from from Direct from from Direct Volume from from D::::t ?::mz lf\::mz Slcrce:czt
North | South North | South (m’Is) North | South North | South
ECRB 0 0 0 0 0 0 19.63 0.00 0.00 0.00 0.00 0.00 0.00
Test and Evaluation 3 0 0 0 0 0 19.63 58.89 0.00 0.00 0.00 0.00 0.00
Facility ODs
Standby Drifts 0 2 0 0 0 0 16.72 0.00 33.44 0.00 0.00 0.00 0.00
Cross-block Drifts 0 0 0 2 0 0 19.63 0.00 0.00 0.00 39.26 0.00 0.00
Test and Evaluation 2 0 0 0 0 0 16.72 33.44 0.00 0.00 0.00 0.00 0.00
Facility Postclosure Drifts
Emplacement Drifts 6 8 2 8 8 2 16.72 100.32 | 133.76 33.44 133.76 | 133.76 33.44
Contingency 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Total 192.65 | 167.20 33.44 173.02 | 133.76 33.44
Total per Access 393.29 340.22
Shaft Total 733.51
Table IV-10. Exhaust Shaft 2 Exhaust Airflow Volume Allocation — 70,000 MTU Case
Number of Splits .Required Total Airflow Volume (m7s)
Heading Description /f\cc 1 Acc 1 Acc 1 Acc 2 Acc 2 Af:c 2 Airflow Acc 1 Acc 1 Acc 1 Acc 2 Acc 2 Acc 2
rom from Direct from from Direct Volume from from Direct from from Direct
North | South North | South (m%/s) North | South North | South
ECRB 0 0 0 0 2 0 19.63 0.00 0.00 0.00 0.00 39.26 0.00
Test and Evaluation 0 0 0 0 0 0 19.63 0.00 0.00 0.00 0.00 0.00 0.00
Facility ODs '
Standby Drifts 2 0 0 0 0 0 16.72 33.44 0.00 0.00 0.00 0.00 0.00
Cross-block Drifts 0 2 0 0 0 0 - 19.63 0.00 39.26 0.00 0.00 0.00 0.00
Test and Evaluation 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Facility Postclosure Drifts . '
Emplacement Drifts 8 8 2 8 8 2 16.72 133.76 | 133.76 33.44 133.76 | 133.76 33.44
Contingency 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.60
Total 167.20 | 173.02 33.44 133.76 | 173.02 33.44
Total per Access 373.66 340.22
Shaft Total 713.88
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Table IV-11. Exhaust Shaft 3 Exhaust Airflow Volume Allocation — 70,000 MTU Case

i o riumt:er of :plitzs s oo R:lqr::ired Total Airflow Volume (m’/s)
cc cc cc cc cc cc ow Acc 1 Acc1 Acc 1
Heading Description from from | Direct | from from | Direct Volume from from | Direct lf\rcocmz ?rc:mz Si(::czt
North South North South (m?s) North | South ~ | North | South
ECRB 0 0 0 0 0 0 19.63 0.00 0.00 0.00 0.00 0.00 0.00
Test and Evaluation 0 2 0 0 0 0 19.63 0.00 39.26 0.00 0.00 0.00 0.00
Facility ODs
Standby Drifts 0 0- 0 0. 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Cross-block Drifts 2 0 0 0 0 0 19.63 39.26 0.00 0.00 0.00 0.00 0.00
Test and Evaluation 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Facility Postclosure Drifts
Emplacement Drifts 8 8 2 8 6 2 16.72 133.76 | 133.76 33.44 133.76 | 100.32 33.44
Conlingency 0 0 0 0 2 0 16.72 0.00 0.00 0.00 0.00 33.44 0.00
Total 173.02 | 173.02 33.44 133.76 | 133.76 33.44
Total per Access 379.48 300.96
Shaft Total 680.44
Table IV-12. Exhaust Shaft 4 (Contingency Only) Exhaust Airflow Volume Allocation - 70,000 MTU Case
- = Number of Splits Reg;:lred Total Airflow Volume (m/s)
cc cc Acc1 Acc 2 Acc 2 Acc 2 Airflow Acc 1 Acc1 Acc 1
Heading Description from from Direct | from from | Direct Volume from from | Direct ?rcocmz lf\:ocmz Slizczt
North .| South North | South (m’s) North | South North | South
ECRB 0 0 0 -- -- - 19.63 0.00 0.00 0.00 - - -
Test and Evaluation 0 0 0 - - - 19.63 0.00 0.00 0.00 - - =
Facility ODs
Standby Drifts 0 0 0 - -- -- 16.72 0.00 0.00 0.00 -- - -
Cross-block Drifts 0 0 0 - - - 19.63 0.00 0.00 0.00 - - -
Test and Evaluation 0 0 0 -- -~ - 16.72 0.00 0.00 0.00 - - -
Facility Postclosure Drifts
Emplacement Drifts 0 0 0 -- - -- 16.72 000 0.00 0.00 -- - -
Contingency 8 0 2 -- -- - 16.72 133.76 0.00 33.44 - - .
Total 133.76 0.00 33.44 - - -
Total per Access 167.20 --
Shaft Total 167.20




IV.S 97,000 MTU Case

Figure 12 shows the 97,000 MTU Layout for SR. Based on the calculations in Sections IV.1,
IV.2, and IV.3, as well as the calculations that follow, there are seven intake openings (five
shafts and two ramps) and six exhaust shafts.

IV.5.1 Intake Volumes

The design airflow volumes that can be accommodated in the intake openings are listed in
Table IV-13.

Table IV-13. Intake Opening Design Airflow Volumes — 97,000 MTU Case

Intake Opening Description Airflow Volume (m’/s) Section Reference

North Ramp 217.02 Section V.1

Iintake Shatft 1 578.72 Section V.1

Intake Shaft 2 578.72 Section IV.1

Intake Shaft 3 578.72 Section IV.1

Intake Shaft 4 578.72 Section V.1
Development/intake Shaft 578.72 Section V.1
South Ramp 289.36 Section IV.1

TOTAL 3,399.98

The drift splits requiring ventilation and the total intake volumes required are listed in
Table IV-14.

Table IV-14. Required Intake Ventilation Split Airflow Volumes — 97,000 MTU Case

Heading Description | Number of Drift Required Total Airflow Section Section
Splits Airflow Volume Volume (m?/s) Reference for Reference for
(m%s) Number of Drift Required
Splits Volume
ECRB 2 19.63 39.26 Section 6.2.4 Section IV.1
;r:z:]:;%g‘f'“am" 7 19.63 137.41 Section 6.2.4 Section IV.1
Standby Drifts 4 15 60.00 Section 6.2.4 Section 6.2.3.4
Cross-block Drifts 8 19.63 157.04 Section 6.2.4 Section IV.1
Test and Evaluation
Facility Postclosure 2 15 30.00 Section 6.2.4 Section 6.2.3.4
Test Drifts
Emplacement Drifts 160 15 2,400.00 Section 6.2.4 Section 6.2.3.4
Contingency 20 15 300.00 Section 6.2.4 Section 6.2.3.4
TOTAL 3,123.71

Intake Airflow Volume Allocations-Each intake shaft and ramp is designated by the airflow
volumes that must support the intake airflows to specific headings within the Subsurface Facility.
The intake ventilation airflow allocations outlined in Table IV-15 to Table IV-21 are depicted in
Figure IV-7. The zones shown in FigureIV-7 are used for planning only. Ventilation
simulations will provide a more accurate representation of airflow distribution. :

The design capacity of the North Ramp is 217.02 m’/s (see Table IV-13) and can supply intake
air to the north end of the repository to Emplacement Drift 3 (sec Table IV-15) without violating
the velocity constraints in the mains or the ramps as outlined in Sections 52.74and IV.1.
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Table IV-15. North Ramp Intake Airflow Volume Allocation — 97,000 MTU Case
Heading Description Number of Splits Required Airflow Voiume Total Airflow Volume
{m/s) (ms)
ECRB 1 19.63 19.63
Test and Evaluation Facility 3 18.63 58.89
ODs
Standby Drifts 0 15.00 0.00
Cross-block Drifts 0 19.63 0.00
Test and Evaluation Facility 2 15.00 30.00
Postclosure Drifts :
Emplacement Drifts 6 15.00 90.00
Contingency 0 15.00 0.00
Total 198.52
Extra Capacity 18.5

The design capacity of Intake Shaft 1 is 578.72 m>/s (see Table IV-13). Intake Shaft 1 can
supply intake air to the repository facilities located between Emplacement Drifts 4 and 19 (see
Table IV-16) without violating the velocity constraints in the mains, shafts, or intake accesses as
outlined in Sections 5.2.7.4 and IV.1.

Table IV-16. Intake Shaft 1 Intake Airflow Volume Allocation — 97,000 MTU Case

Number of Splits Required Total Airflow Volume {m°/s)
Heading Description NE SE NW | Sw Airflowa\lolume NE SE NW SW
(m’is)
ECRB 0 0 0 0 19.63 0.00 0.00 0.00 0.00
Test and Evaluation Facility 0 0 0 0 19.63 0.00 0.00 0.00 0.00
ODs
Standby Drifts 1 0 1 0 15.00 15.00 0.00 15.00 0.00
Cross-block Drifts 0 1 0 1 19.63 0.00 19.63 0.00 19.63
Test and Evaluation Facility 0 0 0 0] 15.00 0.00 0.00 0.00 0.00
Postclosure Drifts )
Emplacement Drifts 5 11 5 11 15.00 75.00 165.00 75.0 165.00
Contingency 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Total 90.00 184.63 80.00 184.63
Total per Access 274.63 274.63
Shaft Total 549.26
Extra Shaft Capacity 29.46

The design capacity of Intake Shaft 2 is 578.72 m’/s (see Table IV-13). Intake Shaft 2 can supply
intake air to the repository facilities located between Standby Drift 2 and Emplacement Drift 35
(see Table IV-17) without violating the velocity constraints in the mains, shafts, or intake

accesses as outlined in Sections 5.2.7.4 and IV.1.
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Table IV-17. Intake Shaft 2 Intake Airflow Volume Allocation — 97,000 MTU Case
Number of Splits Required Total Airflow Volume (m/s)
Heading Description NE SE NW | SW Airﬂow=Vc))lume NE SE NW SW
(m°Is
ECRB 0 0 0 0 19.63 0.00 0.00 0.00 0.00
Test and Evaluation Facility 4] 0 0 0 19.63 0.00 0.00 0.00 0.00
ODs
Standby Drifts 1 0 1 0 15.00 15.00 0.00 15.00 0.00
Cross-block Drifts 1 0 1 0 19.63 19.63 0.00 19.63 0.00
Test and Evaluation Facility 0 ¢ | O 0 15.00 0.00 0.00 0.00 0.00
Postclosure Drifts .
Emplacement Drifts 10 6 10 6 15.00 150.00 90.00 150.00 60.00
Contingency 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Total 184.63 90 184.63 90
Total per Access 274.63 27463
Shaft Total 549.26
Extra Shaft Capacity 29.46

The design capacity of Intake Shaft 3 is 578.72 m’/s (see Table IV-13). Intake Shaft 3 can supply
intake air to the repository facilities located between Emplacement Drifts 36 and 50 (see
Table IV-18) without violating the velocity constraints in the mains, shafts, or intake accesses as
outlined in Sections 5.2.7.4 and IV.1.

Table IV-18. Intake Shaft 3 intake Airflow Volume Allocation — 97,000 MTU Case

Number of Splits Required Total Airflow Volume (m’/s)
Heading Description NE SE NW sSw Airﬂowa\lolume NE SE NW SwW
(m°is)
ECRB 0 0 1 0 19.63 0.00 0.00 19.63 0.00
Test and Evaluation Facility 1 0 1 0 19.63 19.63 0.00 19.63 0.00
ODs
Standby Dirifts 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Cross-block Dirifts 1 0 1 0 19.63 19.63 0.00 19.63 0.00
Test and Evaluation Facility 0 0 o 15.00 0.00 0.00 0.00 0.00
Postclosure Drifts
Emplacement Drifts 8 7 8 7 15.00 120.00 | 105.00 | 120.00 | 105.00
Contingency 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Total 159.26 105 178.89 105
Total per Access 264.26 283.89
Shaft Total 548.15
Extra Shaft Capacity 30.57

The design capacity of the South Ramp is 289.36 m’/s (see Table IV-13). The South Ramp can
supply intake air to the repository facilities located between east side of Emplacement Dirifts 51
and 63 (see Table IV-19) without violating the velocity constraints in the mains or ramps as
outlined in Sections 5.2.7.4 and IV 1.
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Table IV-19. South Ramp Intake Airflow Volume Allocation — 97,000 MTU Case

Number of Splits Required Total Airflow Volume (m’/s)
Heading Description NE SE NW | SW Airﬂowa\llolume NE SE NW SW
. (m°/s)
ECRB 0 0 0 0 19.63 0.00 0.00 0.00 0.00
Test and Evaluation Facility 0 0 0 0 19.63 0.00 0.00 0.00 0.00
ODs
Standby Drifts 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Cross-biock Drifts 1 0 0 0 19.63 19.63 |- 0.00 0.00 0.00
Test and Evaluation Facility 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Postclosure Drifts
Emplacement Drifts 10 3 0 0 15.00 150.00 45.00 0.00 0.00
Contingency 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Total 169.63 45.00 0.00 0.00
214.63 0.00
Ramp Total 214.63
Extra Ramp Capacity 74.73

The shaft design capacity of the Development/Intake is 578.72 m*/s (see Table IV-13). The
Development/Intake Shaft can supply intake air to the repository facilities located between west
side of Emplacement Drifts 50 and 63 and all of the repository facilities located between
Emplacement Drifts 64 and 73 (see Table IV-20) without violating the velocity constraints in the
mains, shafts, or intake accesses as outlined in Sections 5.2.7.4 and IV.1.

Table IV-20. Development/intake Shaft Intake Airflow Volume Allocation — 97,000 MTU Case

Number of Splits Required Total Airflow Volume (m"/s)
Heading Description NE SE NW SW Airﬂowa\lolume NE SE NW sSwW
(m’/s)
ECRB 0 0 0 0 19.63 0.00 0.00 0.00 . 0.00
Test and Evaluation Facility 0 o 0 0 19.63 0.00 0.00 0.00 0.00
ODs
Standby Drifts 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Cross-block Drifts 0 0 1 0 19.63 0.00 0.00 19.63 0.00
Test and Evaluation Facility 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Postclosure Drifts
Empiacement Drifts 0 10 13 10 15.00 0.00 150.00 195.00 150.00
Contingency 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Total 0.00 150.00 | 214.63 | 150.00
Total per Access 150.00 364.63
Shaft Total , 514.63
Extra Shaft Capacity 64.09

The design capacity of Intake Shaft 4 is 578.72 m’/s (see Table IV-13). Intake Shaft 4 can supply
intake air to the repository facilities located between Emplacement Drifts 74 and 80 including the
Test and Evaluation Observation Drift 4 and the contingency area (see Table IV-21) without
violating the velocity constraints in the mains, shafts, or intake accesses as outlined in
Sections 5.2.7.4 and IV.1. The zones shown in Figure IV-7 are used for planning, but when the
ventilation network is modeled, the airflows may not be exactly as shown due to free splitting.

ANL-SFS-MG-000001 REV 00 Page 1V-26 of 1V-34 June 2000




Table [V-21. Intake Shaft 4 intake Airflow Volume Allocation — 97,000 MTU Case

Number of Splits Required Total Airflow Volume (m’/s)
Heading Description NE | SE | NW | SW | Airflow 3Vo)lume NE SE NW SW
{mis
ECRB 0 0 0 0 19.63 0.00 0.00 0.00 0.00
Test and Evaluation Facility 1 0 1 0 19.63 19.63 0.00 19.63 0.00
ODs
Standby Drifts 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Cross-block Drifts 0 0 0 0 19.63 0.00 0.00 0.00 0.00
Test and Evaluation Facility 0 0 0 0 15.00 0.00 0.00 0.00 0.00
Postclosure Drifts
Emplacement Drifts 7 0 7 0 15.00 105.00 0.00 105.00 0.00
Contingency 2 8 2 8 15.00 30.00 120.00 30.00 120.00
Total 15463 | 120.00 { 154.63 | 120.00
Total per Access 274.63 274 .63
Shaft Total 549.26
Extra Shaft Capacity 29.46

1V.5.2 Exhaust Airflow Volumes

The drift splits requiring ventilation and the total exhaust airflow volumes needed are listed in
Table IV-22.

Table IV-22. Required Exhaust Ventilation Split Airflow Volumes — 97,000 MTU Case

Heading Description | Number of Drift Required Total Airflow Section _ Section
Splits Airflow Volume Volume (m®/s) Reference for Reference for
(m¥/s) Number of Drift Required
Splits Volume
=CRB 2 19.63 39.26 Section 6.2.4 Section IV.1
::z;;;"(’)g‘;a'“a“"" 7 19.63 137.41 Section 6.2.4 Section IV.1
Standby Drifts 4 16.72 66.88 Section 6.2.4 Section V.2
Cross-block Drifts 8 19.63 157.04 Section 6.2.4 Section V.1
Test and Evaluation
Facility Postclosure 2 16.72 - 33.44 Section 6.2.4 Section IV.2
Test Drifts
Emplacement Drifts 160 16.72 2,675.20 Section 6.2.4 Section V.2
Contingency 20 16.72 334.40 Section 6.2.4 Section IV.2
TOTAL - 3,443.63

Exhaust Airflow Volume Allocations-Airflow volumes are designated to each exhaust shaft
and the Exhaust Main to support the exhaust airflows from specific headings within the
Subsurface Facility. Each Exhaust shaft is connected to the Exhaust Main with two accesses (see
Section 5.2.7.9). The exhaust ventilation airflow allocations outlined in TableIV-9 to
Table IV-12 are depicted in Figure IV- 8. The zones shown in Figure IV- 8 are used for planning
only. Ventilation simulations will provide a more accurate representation of airflow distribution.

Exhaust Shaft 1 can support the exhaust air from the north end of the repository through

Emplacement Drift 17 (see Table 1V-23) without violating the velocity constraints in the Exhaust
Main as outlined in Sections 5.2.7.4 and IV 3.
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Exhaust Shaft 2 can support the exhaust air from the area between Emplacement Drift 18
through Emplacement Drift 35 and the ECRB (see Table IV-24) without violating the velocity

.

constraints in the Exhaust Main as outlined in Sections 5.2.7.4 and 1V.3.

Exhaust Shaft 3 can support the exhaust air from the area between Emplacement Drift 36
through Emplacement Drift 53 (see Table IV-25) without violating the velocity constraints in the
Exhaust Main as outlined in Sections 5.2.7.4 and IV.3.

Exhaust Shaft 4, can support the exhaust air from the area between Emplacement Drift 54
through Emplacement Drift 63 (see Table IV-26) without violating the velocity constraints in the
Exhaust Main as outlined in_Sections 5.2.7.4 and IV.3.

Exhaust Shaft 5, can support the exhaust air from the area between Emplacement Drift 64
through Emplacement Drift 80 as well as Contingency Drift 1 (see Table IV-27) without
violating the velocity constraints in the Exhaust Main as outlined in Sections 5.2.7.4 and IV.3.

Exhaust Shaft 6, which is for contingency only, can support the exhaust air from the area

between Contingency Drift 2 through Contingency Drift 10 (see Table IV-28) without violating
the velocity constraints in the Exhaust Main as outlined in Sections 5.2.7.4 and I'V.3.
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Table IV-23. Exhaust Shaft 1 Exhaust Airflow Volume Allocation — 97,000 MTU Case .

Number of Splits Required Total Airflow Volume (m'/s)
Acc 1 Acc 1 Acc 1 Acc 2 Acc 2 Acc 2 Airflow Acc 1 Acc 1 Acc 1 Acc 2 Acc 2 cc2
Heading Description from from | Direct | from from | Direct Volume from from | Direct | from from Sirect
North | South North | South (m’Is) North | South North | South
ECRB 0 0 0 0 0 0 . 19.63 0.00 0.00 0.00 0.00 0.00 0.00
Test and Evaluation 3 0 0 0 0 0 19.63 58.89 0.00 0.00 0.00 0.00 0.00
Facility ODs
Standby Drifts 0 2 0 0 0 0 16.72 0.00 33.44 0.00 0.00 0.00 0.00
Cross-block Drifts 0 0 0 2 0 0 19.63 0.00 0.00 0.00 39.26 0.00 0.00
Test and Evaluation 2 0 0 0 0 0 16.72 33.44 0.00 0.00 0.00 0.00 0.00
Facility Postclosure Drifts '
Emplacement Drifts 6 8 2 8 8 2 16.72 100.32 | 133.76 | 33.44 133.76 | 133.76 | 33.44
Contingency 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Total 192,65 | 167.20 33.44 173.02 | 133.76 33.44
Total per Access 393.29 340.22
Shaft Total 733.51
Table IV-24. Exhaust Shaft 2 Exhaust Airflow Volume Allocation — 97,000 MTU Case
Number of Splits . R:;]r:ired Total Airflow Volume {m°/s)
R Acc 1 Acc 1 Acc1 Acc 2 Acc 2 cc 2 ow Acc 1 Acc1 Acc 1
Heading Description from |. from Direct | from from Direct Volume from from | Direct ?:ocnf ' lf\f:mz Slcrzczt
North | South North | South (m%Is) North | South North | South
ECRB 0 0 0 0 2 0 19.63 0.00  0.00 0.00 0.00 39.26 0.00
Test and Evaluation 0 0 0 0 0 0 19.63 0.00 0.00 0.00 0.00 0.00 0.00
Fucility ODs
Standby Drifts 2 0 0 0 0 0 16.72 33.44 0.00 0.00 0.00 0.00 0.00
Cross-block Drifts 0 2 0 0 0 0 19.63 0.00 39.26 0.00 0.00 0.00 0.00
Test and Evaluation 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Facility Postclosure Drifts
Emplacement Drifts 8 8 2 8 8 2 16.72 133.76 | 133.76 | 33.44 133,76 | 133.76 33.44
Contingency 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Total 167.20 | 173.02 33.44 133.76 173.02 33.44
Total per Access 373.66 34022
Shaft Total 713.88
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Table IV-25. Exhaust Shaft 3 Exhaust Airflow Volume Allocation — 97,000 MTU Case

Number of Splits R:i(:;:ired Total Airflow Volume {m7/s)
Acc 1 Acc 1 Acc 1 Acc 2 Acc 2 Acc 2 ow Acc1 Acc 1 Acc 1 Ac
Heading Description from from | Direct | from from | Direct Volume from from | Direct frocm2 ‘f\rt;cmz Sﬁg;
North | South North | South {m¥/s) North | South North | South
ECRB 0 0 0 0 0 0 19.63 0.00 0.00 0.00 0.00 0.00 0.00
Test and Evaluation 0 2 0 0 0 0 19.63 0.00 39.26 0.00 0.00 0.00 0.00
Facility ODs
Standby Drifts 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Cross-block Drifts 2 0 0 0 0. 0 19.63 39.26 0.00 0.00 0.00 0.00 0.00
Test and Evaluation 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Facility Postclosure Drifts '
Emplacement Drifts 8 8 2 8 8 2 16.72 133.76 | 133.76 33.44 133.76 | 133.76 33.44
Contingency 0 0 0 0 0 0 16,72 0.00 0.00 0.00 0.00 0.00 0.00
Total 173.02 | 173.02 33.44 133.76 | 133.76 33.44
Total per Access 379.48 300.93
Shaft Total 680.41
Table IV-26. Exhaust Shaft 4 Exhaust Airflow Volume Allocation — 97,000 MTU Case
Number of Splits Reg;lired Total Airflow Volume {ms)
Acc 1 Acc 1 Acc1 Acc 2 Acc 2 Acc 2 Airflow Acc 1 Acc 1
Heading Description from from Direct from from Direct Volume from from SI(:'::t ?;cmz I:l%cmz Sit;:czt
North | South North | South (m’ls) North | South North | South
ECRB 0 0 0 0 0 0 19.63 0.00 0.00 0.00 0.00 0.00 0.00
Test and Evaluation 0 0 0 0 0 0 19.63 0.00 0.00 0.00 0.00 0.00 0.00
Facility ODs
Standby Drifts 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Cross-block Drifts 2 0 0 0 0 0 19.63 39.26 0.00 0.00 0.00 0.00 0.00
Test and Evaluation 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Facility Postclosure Drifts
Emplacement Drifts 8 4 2 4 0 2 16.72 133.76 | 66.88 33.44 66.88 0.00 33.44
Contingency 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Total 173.02 66.88 33.44 66.88 0.00 33.44
Total per Access 273.34 100.32
"~ Shaft Total 373.66
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Table IV-27. Exhaust Shaft 5 Exhaust Airflow Volume Allocation — 97,000 MTU Case

s e t:\uml;er of :plitzs o3 foe R:lqr;llired Total Airflow Volume (m’/s)
cc cc cc cc cc cc ow Acc 1 Acc 1 Acc 1
Heading Description from from | Direct | from from | Direct Volume from | from | Direct ?:ocmz ?u%cr: Sicrgczt
North | South North | South (mYs) North | South North | South
ECRB 0 0 0 0 0 0 19.63 0.00 0.00 0.00 0.00 0.00 0.00
Test and Evaluation 0 0 0 2 0 0 19.63 0.00 0.00 0.00 39.26 0.00 0.00
Facility ODs
Standby Drifts 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Cross-block Drifts 0 0 0 0 0 0 19.63 0.00 0.00 0.00 0.00 0.00 0.00
Test and Evaluation 0 0 0 0 0 0 16.72 0.00 0.00 0.00 0.00 0.00 0.00
Facility Postclosure Drifts '
Emplacement Drifts 8 8 2 8 6 2 16.72 133.76 | 133.76 | 33.44 133.76 | 100.32 | 33.44
Contingency 0 0 0 0 2 0 16.72 0.00 0.00 0.00 0.00 33.44 5.00
Total 133.76 | 133.76 33.44 173.02 133.76 33.44
Total per Access 300.96 340.22
Shaft Total 641.18 '
Table IV-28. Exhaust Shaft 6 (Contingency Only) Exhaust Airflow Volume Allocation — 97,000 MTU Case
Number of Splits Required Total Airflow Volume (m°/s)
Heading Description ?cc 1 Acc1 Acc1 | Acc2 | Acc2 | Acc2 | Airflow Acc1 | Acc1 | Accd | Acc2 | Acc2 | Acc?
rom from Direct from from Direct Volume from from Direct from from Direct
North | South North | South (m%s) North | South North | South
ECRB 0 0 0 - - - 19.63 0.00 0.00 0.00 -- - -
Test and Evaluation 0 0 0 -- - -- 19.63 0.00 0.00 0.00 - - .-
Facility ODs
Standby Drifts 0 0 0 - - -- 16.72 0.00 0.00 0.00 - - -
Cross-block Drifts 0 0 0 - - - 19.63 0.00 0.00 0.00 - - -
Test and Evaluation 0 0 0 - - -- 16.72 0.00 0.00 0.00 - - -
Facility Postclosure Drifts
Emplacement Drifts 0 0 0 - -- -- 16.72 0.00 0.00 0.00 - - -
Contingency 8 8 2 - - -- 16.72 133.76 | 133.76 33.44 - - -
Total 133.76 | 133.76 33.44 - — =
Total per Access 300.96 -
Shaft Total 300.96




IV.6 Exhaust Shaft Accesses

The exhaust shaft accesses will be sized to accommodate the maximum potential volume from
either the north or the south. The largest volume for both the 70,000 MTU Case and the
97,000 MTU Case is 393.29 m’ (see Table IV-9 and Table IV-23). The required area of the
exhaust shaft accesses is 49.16 m’ as calculated below.

Volume
Velocity

Exhaust Shaft Access Area

393.29 m> (see Sections IV.4.2 and IV.5.2) and
8 m/s (see Section 5.2.7.4)

When: Volume
Velocity

393.29 m’

Shaft Access Area
8m/s

Shaft Access Area = 49.16m’

The exhaust shaft accesses will be excavated in a horseshoe-shaped profile of 8 meters wide and
8.5 meters high which has a cross-sectional area of 61.13 m?® as shown in Figure IV-9. This
access size will ensure that the velocity constraints are not exceeded if a 0.3 meter concrete
lining is installed in the opening.

R 4.00m. ;
Area = 25.13 m? }
i
i
* 8.50m
| :
i ]
4.50m.

Area = 36.00 m? : |

|

|
L ] L 4

|
8.00m.

|
‘

Figure IV-8. Exhaust Shaft Access Profile

IV.7 Shaft Sizes

The largest intake shaft volume of 578.72 m® is for Development/Intake Shaft xn the
97,000 MTU Case (see Section IV.5.1) and the largest exhaust shaft volume of 733.51 m’ is for
Exhaust Shaft 1 for both the 70,000 MTU and 97,000 MTU Cases (see SectionIV.4.2 and
Section IV.5.2). To minimize shaft excavation equipment needs, all the ventilation shafts will be
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excavated to the same diameter (see Section 5.2.7.3). The dxameter of the ventilation shafts will
be calculated based on the largest shaft volume required, 733.51 m’.

Shaft Area = M
Velocity
When: Volume = 733.51 m® (see Sections IV.4.2 and IV.5.2) and
Velocity = 20 m/s (see Section 5.2.7.4)
3
Shaft Area = 73351m-
20m/s

Shaft Area = 36.68m?

The minimum inside diameter of the ventilation shafts is 6.83 meters as calculated below.

Inside Shaft Diameter

it

\/4 x Shaft Area
T

i

36.68 m’
Iriside Shaft Diameter \/ 4 x 36.68m

T

Inside Shaft Diameter = 6.83 meters

The minimum excavated diameter of the ventilation shafts is 7.43 meters for a lining thickness of
0.3 meters in the shaft (see Section 4.1.7.2).

To account for the installation of utilities, furnishings, as well as the installation of an inspection
hoist, the shafts will be excavated to a diameter of 8 meters for the purpose of this analysis.
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BOUNDING COORDINATES OF EMPLACEMENT AREA
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ATTACHMENT V
BOUNDING COORDINATES OF EMPLACEMENT AREA

The emplacement area in the planning layout is bounded by a set of coordinates that represent
the theoretically last emplaced WP in the drift. The last emplaced WP in the emplacement drift
is assumed to be 1.5 meters from the start of the emplacement drift (see Section 5.2.3).
Table V-1 lists the boundary coordinates for the emplacement area of the planning layout. Note
that the first two drifts listed in Table V-1 are reserved as the postclosure simulation test drifts.

The information in this attachment was extracted from the Subsurface Planning Layout in
Support of ANL-SFS-MG-000001 REV 00 (CRWMS M&O 2000aa) using VULCAN v3.4.
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Table V-1. Bounding Coordinates for Emplacement Area

East Side of Emplacement Drift

West Side of Emplacement Drift

Northing Easting Elevation Northing Easting Elevation
Drift Number (m) (m) (m) (m) (m) (m)

PCA 236,606.073 171,378.875 1,032.437 236,391.550 170,718.641 1,032.437
PC2 236,521.040 171,379.292 1,033.659 236,292.756 170,676.706 1,033.659
1 236,434.396 171,374.751 1,034.831 236,193.962 170,634.770 1,034.831
2 236,347.752 171,370.210 1,036.002 236,095.168 170,592.834 1,036.002
3 236,261.108 171,365.669 1,037.173 235,996.374 170,550.899 1,037.173
4 236,174.465 171,361.129 1,038.345 235,897.579 170,508.963 1,038.345
5 236,087.821 171,356.588 1,039.516 235,798.785 170,467.027 1,039.516
6 236,001.177 171,352.047 1,040.687 235,699.991 170,425.092 - 1,040.687
7 235,914.533 171,347.506 1,041.858 235,601.197 170,383.156 1,041.858
8 235 827.889 171,342.965 1,043.030 235,502.403 170,341.221 1,043.030
9 235,741.245 171,338.424 1,044.201 235,403.608 170,299.285 1,044,201
10 235,654.601 171,333.884 1,045.372 235,304.814 170,257.349 1,045.372
1 235,567.957 171,329.343 1,046.544 235,206.020 170,215.414 1,046.544
12 235,481.314 171,324.802 1,047.715 235,102.137 170,157.816 1,047.715
13 235,394.670 171,320.261 1,048.886 235,005.154 170,121.454 1,048.886
14 235,308.026 171,315.720 1,050.058 234,918.510 170,116.913 1,050.058
15 235,221.382 171,311.180 1,051.229 234,831.866 170,112.372 1,061.229
16 235,134,738 171,306.639 1,052.400 234,745.222 170,107.831 1,052.400
17 235,048.094 171,302.098 1,053.571 234,658.578 170,103.290 1,053.571
18 234,961.450 171,297.557 1,054.743 234,571.936 170,098.749 1,054.743
19 234,874.806 171,293.016 1,055.914 234,485.291 170,094.209 1,055.914
20 234,788.163 171,288.475 1,057.085 234,398.647 170,089.668 1,057.085
21 234,701.519 171,283.935 1,058.257 234,312.003 170,085.127 1,058.257
22 234 614.875 171,279.394 1,059.428 234,225,359 170,080.586 1,059.428
23 234,528.231 171,274.853 1,060.599 234,138.715 170,076.045 1,060.599
24 234,441,587 171,270.312 1,061.770 234,052.071 170,071.505 1,061.770
25 234,354.943 171,265.771 1,062.942 233,965.427 170,066.964 1,062,942
26 234,268.299 171,261.231 1,064.113 233,878.784 170,062.423 1,064.113
27 234,181,655 171,256.690 1,065.284 233,792.140 170,057.882 1,065.284
28 234,095.012 171,252.149 1,066.456 233,705.496 170,053.341 1,066.456
29 234,008.368 171,247.608 1,067.627 233,618.852 170,048.801 1,067.627
30 233,921,724 171,243.067 1,068.798 233,632.208 170,044.260 1,068.798
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Table V-1. Bounding Coordinates for Emplacement Area (Continued)
East Side of Emplacement Drift West Side of Emplacement Drift
Northing Easting Elevation Northing Easting Elevation
Drift Number (m) (m) {m) (m) (m) {m)

31 233,835.080 171,238.527 1,069.969 233,445.564 170,039.719 1,069.969
32 233,748.436 171,233.986 1,071.141 233,358.817 170,034.860 1,071.141
33 233,661,792 171,229.445 1,072,312 233,276.916 170,044,916 1,072.312
34 233,575.148 171,224.904 1,073.483 233,195.015 170,054.972 1,073.483
35 233,488.504 -171,220.363 1,074 655 . 233113.114 170,065.029 1,074.655
36 233,401.861 171,215.822 1,075.826 233,031.213 170,075.085 1,075.826
37 233,315.217 171,211.282 1,076.997 232,949.312 170,085.141 1,076.997
38 233,228.573 171,206.741 1,078.169 232,867.411 170,095.197 1,078.169
39 233,141,929 . 171,202.200 1,079.340 232,785.510 170,105.253 1,079.340
40 233,055.285 171,197.659 1,080.511 232,703.609 170,115.309 1,080.511
41 232,968.641 171,193.118 1,081.682 232,621.708 170,125.366 1,081.682
42 232,881.997 171,188.578 1,082.854 232,539.807 170,135.422 1,082.854
43 232,795.353 171,184.037 1,084.025 232,457.906 170,145.478 1,084.025
44 232,708.710 171,179.496 1,085.196 232,376.005 170,155.634 1,085.196
45 232,622.066 171,174,955 1,086.368 232,294.104 170,165.590 1,086.368
46 232,635.422 171,170.414 1,087.539 232,212.203 170,175.647 1,087.539
47 232,448.778 171,165.874 1,088.710 232,130.301 170,185.703 1,088.710
48 232,362.134 171,161.333 1,089.881 232,048.400 170,195.759 1,089.881
49 232,275.490 171,158,792 1,091.053 231,966.499 170,205.815 1,081.053
50 232,188.846 171,152.251 1,092.224 231,884.598 170,215.871 1,092.224
51 232,102.202 171,147.710 1,093.395 231,802.697 170,225.927 1,093.395
52 232,015.558 171,143.169 1,094.567 231,720.796 170,235.984 1,094.567
53 231,928.915 171,138.629 1,095.738 231,638.895 170,246.040 1,095.738
54 231,842.271 171,134.088 1,096.909 231,556.994 170,256.096 1,096.909
58 231,755.627 171,129.547 1,098.081 231,475.093 170,266.152 1,098.081
56 231,668.983 171,125.006 1,099.252 231,393.192 170,276.208 1,099.252
57 231,582.339 171,120.465 1,100.423 231,311.291 170,286.265 1,100.423
58 231,495.695 171.115.925 1,101.594 231,229.390 170,296.321 1,101.594
59 231,409.051 171,111.384 1,102.766 231,147 .489 170,306.377 1,102.766
50 231,322,407 171,106.843 1,103.937 231,065.588 170,316.433 1,103.937
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Table V-1.  Bounding Coordinates for Emplacement Area (Continued)

East Side of Emplacement Drift

West Side of Emplacement Drift

Northing Easting Elevation Northing Easting Elevation
Drift Number (m) (m) (m) {m) (m) (m)

61 231,228.794 171,080.845 1,105.126 230,983.689 170,326.489 1,105.126
62 231,128.221 171,036.512 1.106.128 230,901.788 170,336.545 1,106.128
63 231,029.648 170,992.179 1,107.130 230,819.887 170,346.601 1,107.130
64 230,161.806 170,680.331 1,112.032 230,059.664 170,365.970 1,112.032
85 230,075.660 170,677.322 1,112.463 229,973.518 170,362.962 1,112.463
66 229,989.514 170,674.314 1,112.894 229,887.373 170,359.954 1,112.894
67 229,903.957 170,673.116 1113279 229,801.227 170,356.946 1,113.279
6 229,823.182 170,686.637 1,113.667 229,715.081 170,353.937 1,113.667
69 229,746.888 170,713.951 1,114.115 229,628.935 170,350.929 1,114.115
70 229,671.164 170,743.018 1,114.549 229,543.716 170,350.774 1,114.549
71 229,595.440 170,772.086 1,115.001 229,454.670 170,338.840 1,115.001
72 229,519.716 170,801.154 1,115.479 229,361.994 170,315.734 1,115.479
73 229,443.993 170,830.221 1,115.957 229,269.318 170,292,627 1,115.957
74 229,368.269 170,859.289 1,116.434 229,176.641 170,269.520 1,116.434
75 229,292.545 170,888.357 1,116.912 . 229,083.965 170,246.413 1,116.912
76 229,216.821 170,917.424 1,117.389 228,991.289 170,223.306 1,117.389
77 229,141.098 170,946.492 1,117.275 228,898.612 170,200.200 1,117.275
78 229,065.285 170,975.285 1,116.251 228,804.965 170,174.104 1,116.251
79 228,986.633 170,995.342 1,115.190 228,721.372 170,178.952 1,115.190
80 228,907.407 171,013.632 1,114.059 228,646.270 170,209.934 1,114.059
81 228,828.182 171,031.923 1,112.851 228,573.648 170,248.548 1,112.851
82 228,748.957 171,050.214 1,111.535 228,501.026 170,287.162 1,111.535
83 228,669.731 171,068.504 1,110.219 228,428.404 170,325.776 1,110.219
84 228,590.506 171,086.795 1,108.903 228,355.782 170,364.389 1,108.903
85 228,511.280 171,105.085 1,107.587 228,283.160 170,403.003 1,107.587
86 228,432.055 171,123.376 1,106.271 228,210.538 170,441,617 1,106.271
87 228,352.829 171,141.667 1,104.955 228,137.916 170,480.231 1,104.955
88 228,273.604 171,159.957 1,103.663 228,065.294 170,518.845 1,103.663
89 228,194.378 171,178.248 1,102.370 . 227,992,672 170,557.459 1,102.370
90 228,115.153 171,196.539 1,101.078 227,920.050 170,596.072 1,101.078
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ATTACHMENT VI
LOWER BLOCK EXPANSION AREA

V1.1 AVAILABLE EMPLACEMENT DRIFT LENGTH IN THE LOWER BLOCK

The length of the emplacement drifts represented in Table VI-1 is from the door of the
emplacement drift on the east side to the door of the emplacement drift on the west side as
extracted from the Lower Block Layout in Support of ANL-SFS-MG-000001 REV 00
(CRWMS M&O 2000bb) using VULCAN v3.4. The operational standoff distance is the
distance from the door of the emplacement drift to the last WP emplaced in the drift (see
Section 5.2.3). The ventilation standoff is a physical standoff established to minimize the
interference of the ventilation airflow and/or radiological monitoring around the ventilation raise
(see Section 5.2.6). The other unusable length accounts for the maximum effective emplacement
length of 600 meters in a drift split (see Section 5.2.4). Any drift that would have a drift split in
excess of 600 meters is decreased accordingly. The drift length available for emplacement is the
usable length of each emplacement length. The usable length is calculated as the excavation
lengths of each drift less the total standoff lengths and the unusable length for each drift (see
Table VI-1). The cumulative usable emplacement lengths are also shown in Table VI-1. The
52 emplacement drifts in the lower block provide approximately 62,400 meters of available
emplacement drift length.
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Table VI-1. Available Emplacement Drift Length for the Lower Block

Cumulative
Available Available
wp Vent Other Emplacement | Emplacement
Drift Standoff® | Standoff® | Unusable | prift Length | Drift Length
Number Length (m) (m) (m) Length® (m) {m) (m)

L1 1,207.0 3.0 4.0 0.0 - 1,200.0 1,200.0

L2 1,207.0 3.0 4.0 0.0 1,200.0 2,400.0

L3 1,207.0 3.0 4.0 0.0 1,200.0 3,600.0

L4 1,207.0 3.0 4.0 0.0 1,200.0 4,800.0

LS 1,207.0 3.0 40 0.0 1,200.0 6,000.0

L6 1,207.0 3.0 4.0 0.0 1,200.0 7.200.0

L7 . 1,207.0 3.0 4.0 0.0 1,200.0 8.400.0

L8 1,207.0 3.0 4.0 0.0 1,200.0 9,600.0

L9 1,207.0 3.0 4.0 0.0 1,200.0 10,800.0

L 10 1,207.0 3.0 4.0 0.0 1,200.0 12,000.0

L 11 1,207.0 3.0 4.0 0.0 1,200.0 13,200.0

L 12 1,207.0 3.0 4.0 0.0 1,200.0 14,400.0

L 13 1,207.0 3.0 40 0.0 1,200.0 15,600.0

L 14 1,207.0 3.0 4.0 0.0 1,200.0 16,800.0

L 15 1,207.0 3.0 4.0 0.0 1,200.0 18,000.0

L 16 1,207.0 3.0 4.0 0.0 1,200.0 19,200.0

L 17 1,207.0 3.0 4.0 0.0 1,200.0 20,400.0

L 18 1,207.0 3.0 4.0 0.0 1,200.0 21,600.0

L 18 1,207.0 3.0 4.0 0.0 1,200.0 22.,800.0

L 20 1,207.0 3.0 4.0 0.0 1,200.0 24,000.0

L 21 1,207.0 3.0 40 0.0 1,200.0 25,200.0

L22 1,207.0 3.0 4.0 0.0 1,200.0 26,400.0

L 23 1,207.0 3.0 4.0 0.0 1,200.0 27,600.0

L 24 1,207.0 3.0 4.0 0.0 1,200.0 28,800.0

L 25 1,207.0 3.0 4.0 0.0 1,200.0 30,000.0

L 26 1,207.0 3.0 4.0 0.0 1,200.0 31,200.0

L 27 1,207.0 3.0 40 0.0 1,200.0 32,400.0

L 28 1,207.0 3.0 4.0 0.0 1,200.0 33,600.0

L 29 1,207.0 3.0 4.0 0.0 1,200.0 34,800.0

L 30 1,207.0 3.0 4.0 0.0 1,200.0 36,000.0

Subtotal 36,210.0 90.0 120.0 0.0 36,000.0
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Table VI-1. Available Emplacement Drift Length for the Lower Block (Continued)

Cumulative
Available Available
wpP Vent Other Emplacement | Emplacement
Drift Standoff* | Standoff® | Unusable | Drift Length | Drift Length
Number | Length (m) (m) (m) Length® (m)  (m) (m)
L 31 1,207.0 3.0 4.0 0.0 1,200.0 37,200.0
L 32 1,207.0 3.0 4.0 0.0 1,200.0 38,400.0
L33 1,207.0 3.0 4.0 0.0 1,200.0 39,600.0
L 34 1,207.0 3.0 4.0 0.0 1,200.0 40,800.0
L 35 1,207.0 3.0 4.0 0.0 1,200.0 42,000.0
L 36 1,207.0 3.0 4.0 0.0 1,200.0 43,200.0
L 37 1,207.0 3.0 4.0 0.0 1,200.0 44 400.0
L 38 1,207.0 3.0 4.0 0.0 1,200.0 45,600.0
L 39 1,207.0 3.0 4.0 0.0 1,200.0 46,800.0
L 40 1,207.0 3.0 4.0 0.0 1,200.0 48,000.0
L 41 1,207.0 3.0 4.0 0.0 1,200.0 49,200.0
L 42 1,207.0 3.0 4.0 0.0 1,200.0 50,400.0
L 43 1,207.0 3.0 4.0 0.0 1,200.0 51,600.0
L 44 1,207.0 3.0 4.0 0.0 1,200.0 52,800.0
L 45 - 1,207.0 3.0 4.0 0.0 1,200.0 54,000.0
L 46 1,207.0 3.0 40 0.0 1,200.0 55,200.0
L 47 1,207.0 3.0 4.0 0.0 1,200.0 56,400.0
L 48 1,207.0 3.0 4.0 0.0 1,200.0 57,600.0
L 49 1,207.0 3.0 4.0 0.0 1,200.0 58,800.0
L 50 1,207.0 3.0 4.0 0.0 1,200.0 60,000.0
L 51 1,207.0 3.0 4.0 0.0 1,200.0 61,200.0
L 52 1,207.0 3.0 4.0 0.0 1,200.0 62,400.0
Totals 62,764.0 156.0 208.0 0.0 62,400.0

Notes: -

2 An operational standoff distance of 3 meters to the WP is used (see Section 5.2.3)

® A total physical standoff distance of 4 meters about the ventilation raise is used (see Section 5.2.6)

¢ The maximum length of a drift split is restricted to 600 meters (see Section 5.2.4)

ANL-SFS-MG-000001 REV 00 Page Vi-4 of VI-13 June 2000




VL2 LOWER BLOCK EXCAVATION QUANTITIES

The opening profiles and the excavation quantities were extracted from the Lower Block Layour
in Support of ANL-SFS-MG-00000! REV 00 (CRWMS M&O 2000bb) using VULCAN v3.4 for
the various subsurface headings and will be discussed in the following sections. The lengths of
the headings are expressed in slope length. The slope length of a heading refers to the actual
length excavated at the specified gradient of the heading. The excavated opening areas were
calculated in Section 6.3.2 and will be used throughout this attachment.

V1.2.1 Emplacement Drifts
The emplacement drifts are excavated at a diameter of 5.5 meters (see Section 4.2.1.3). The

excavated cross-sectional area of these headings is 23.76 m?. The lengths of the emplacement
drifts, as well as the bank volume, are outlined in Table VI-2.

Table VI-2. Excavation Quantities for Emplacement Drifts — Lower Block

Drift Number Length (m) Volume (m°) Drift Number Length (m) Volume (m")
L1 1,207.0 28,678.32 L27 1,207.0 28,678.32
L2 1,207.0 28,678.32 L28 1,207.0 28,678.32
L3 1,207.0 28,678.32 129 1,207.0 28,678.32
L4 1,207.0 28,678.32 L30 1,207.0 28,678.32
L5 . 1,207.0 28,678.32 L31 1,207.0 28,678.32
L6 1,207.0 28,678.32 L32 -1,207.0 28,678.32
L7 1,207.0 28,678.32 L33 1,207.0 28,678.32
L8 1,207.0 28,678.32 L34 1,207.0 28,678.32
L9 1,207.0 28,678.32 L35 1,207.0 28,678.32

L10 1,207.0 28,678.32 L36 1,207.0 28,678.32
L11 1,207.0 28,678.32 L37 1,207.0 28,678.32
L12 -1,207.0 28,678.32 L38 1,207.0 28,678.32
L13 1,207.0 28,678.32 L39 1,207.0 28,678.32
L14 1,207.0 28,678.32 L40 1,207.0 28,678.32
L15 1,207.0 28,678.32 L41 1,207.0 28,678.32
L16 1,207.0 - 28,678.32 L42 1,207.0 28,678.32
L17 1,207.0 28,678.32 143 1,207.0 28,678.32
L18 1,207.0 28,678.32 L44 1,207.0 28,678.32
L19 1,207.0 28,678.32 L45 1,207.0 28,678.32
L20 1,207.0 28,678.32 L46 1,207.0 28,678.32
121 1,207.0 28,678.32 L47 1,207.0 28,678.32
L22 1,207.0 28,678.32 L48 1,207.0 28,678.32
123 1,207.0 28,678.32 L49 1,207.0  28,678.32
124 1,207.0 28,678.32 150 1,207.0 28,678.32
L25 1,207.0 28,678.32 L51 1.207.0 28,678.32
L26 1,207.0 28,678.32 L52 1,207.0 28,678.32
Subtotal 31,382.0 745,636.32 Subtotal 31,382.0 745,636.32
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The total excavated emplacement drift length is 62,764 meters, with a total bank volume of
1,491,272.64 m’.

V1.2.2 Emplacement Drift Turnouts
The emplacement drift turnouts will be excavated with a horseshoe-shaped profile of 8 meters

wide and 7 meters high, as previously illustrated in Figure 4. The cross-sectional area of the
turnouts is 49.13m’. The lengths of the turnouts as well as the bank volumes, are outlined in

Table VI-3.

Table VI-3. Excavation Quantities for Turnouts — Lower Block

Turnout Description Quantity | Centerline | Total Length Excavation Totai Volume
Length (m) (m) Volume per (m%)
Turnout (m°)
East Main Tumouts
Turnouts L1 through L52 52 [ 79.5 l 4,134.0 l 3,905.84 [ 203,103.68
West Main Turnouts )
Turnouts L1 through L52 52 75.6 3,931.2 3,714.23 193,139.96
Total 104 8,065.2 396,243.64

V1.2.3 Emplacement Drift Raises

The raises will be excavated to a diameter of 2 meters (see Section 6.2.4) and a cross-sectional
area of 3.14 m>. The lengths of the ventilation raises, including the bank volume, are outlined in
Table VI-4.
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Table Vi<4. Excavation Quantities for Ventilation Raises — Lower Block

Drift Number Length (m) Volume (m°) Drift Number Length {(m) Volume (m®)
L1 13.9 43.58 L27 13.9 43.58
L2 13.9 43.58 L28 13.9 43.58
L3 13.9 43.58 129 139 43.58
L4 13.8 43.58 L30 13.9 43.58
L5 13.9 43.58 L31 13.9 43.58
L6 13.9 43.58 L32 138 43.58
L7 13.9 43.58 L33 13.9 43.58
L8 13.9 43.58 L34 13.9 43.58
L9 138 43.58 L35 13.9 43.58

L10 13.9 43.58 L36 13.9 43.58
L11 13.9 43.58 L37 13.9 43.58
L12 13.9 43.58 L38 13.9 43.58
L13 13.9 43.58 139 13.9 43.58
L14 13.8 43.58 L40 13.9 43.58
L15 13.9 43.58 L41 13.9 43.58
L16 13.9 43.58 L42 13.9 43.58
L17 13.9 43.58 143 13.9 43.58
L18 13.9 43.58 L44 13.9 43.58
L19 13.9 43.58 L45 14.0 43.90
L20 13.9 43.58 L46 14.0 43.96
L21 13.9 43.58 L47 141 4427
L22 13.9 43.58 L48 14.2 4459
123 13.8 43.58 L49 14.2 44 59
L24 139 43.58 LS50 14.3 44.90
125 . 13.9 43.58 L51 14.4 4522
L26 13.9 43.58 L52 14.4 45.22
Subtotal 360.9 1,133.16 Subtotal 363.4 1,141.14

The total excavated ventilation raise length is 724.3 meters, with a total bank volume of
2,2743 m’.

V1.3 LAYOUT DETAILS FOR THE LOWER BLOCK
The VULCAN v3.4 software program provides a three dimensional design of the subsurface
layout. In order to provide specific information about the lower block as illustrated in

Figure VI-1, key reference points within the layout are used to describe the lengths and grades of
the various subsurface openings.

Figure VI-1 presents a set of reference points within the lower block layout. The definitions of
these reference points are listed in Table VI-5, complete with the coordinates and elevations.
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The details of the subsurface openings lengths and grades, corresponding to the reference points
presented in Figure VI-1 and outlined in Table VI-5, are presented in Table VI-6. The layout
details were extracted from the Lower Block Layout in Support of ANL-SFS-MG-000001 REV 00

(CRWMS M&O 2000bb) using VULCAN v3.4.

V1.4 BOUNDING COORDINATES FOR THE LOWER BLOCK
EMPLACEMENT AREA

The emplacement area in the lower block is bounded by a set of coordinates that represent the
theoretically last emplaced WP in the drift. The last emplaced WP in the emplacement drift is
assumed to be 1.5 meters from the start of the emplacement drift (see Section 5.2.3). Table VI-7
lists the boundary coordinates for the emplacement area of the lower block. These bounding
coordinated were extracted from the Lower Block Layout in Support of ANL-SFS-MG-000001
REV 00 (CRWMS M&O 2000bb) using VULCAN v3.4.
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Table VI-5. Point Designation Definitions for Lower Block
Northing Easting
Point Designation Description (m) (m) Elevation (m)
L1 Start of Ramp 1 to the lower Block 236,093.936 | 171,443.416 | 1,037.950
L2 Intersection of Ramp 1 to the lower block 236.375.084 | 171,816.918 | 1,026.506
and Ramp 2 to the lower block
L3 Grade Break in Ramp 1 to the lower block | 236,192.885 172,606.110 { 1,009.104
Intersection of Ramp 1 to the lower block
L4 and the lower block Exhaust Main 235,948.791 | 172,837.843 | 1,004.825
intersection of the lower block East Main
LS and the lower block Emplacement Drift 1 235,879.740 | 172,842.062 | 1,003.993
L6 intersection of the lower block East Main 234'%)23' 404 | 172.776.240 994 558
and Ramp 3 to the lower block .
L7 Grade Break in lower block East Main 232,154.055 | 172,646.827 976.012
Intersection of the lower block East Main
L8 and the lower block Emplacement Drift 52 231,460.904 | 172,610.501 974277
LS Grade Break in the lower block South Main | 231,386.033 172,606.577 974.090
Intersection of the lower block South Main
L 10 and the lower block Exhaust Main 230,818.486 | 172,075.218 965.904
L 11 Grade Break in the lower block South Main | 230,795.195 | 171,741.019 972.894
Transition point between the lower block
L 12 South Main and the lower block West Main 231,085.180 | 171,353.958 974.207
L13 Grade Break in the lower block West Main | 231,760.456 | 171 ,385.575 975.948
L 14 intersection of the lower block West Main 235.486.141 | 171,580.830 1,003.929
and Ramp 2 to the lower block
L15 Start of Ramp 3 to the lower block 231,101.269 | 171,157.263 | 1,107.156
L 16 Sl::e Break in the lower block Exhaust | 535 750 063 | 172,208.917 | 983.691
L 17 Sl::e Break in the lower block Exhaust | ;44 994 378 | 172,013.663 | 955.710
L 18 S’;:e Break in the lower block Exhaust | 554 304 557 | 171,977.336 |  953.442
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Table VI-6. Lower Block Layout Details
From Slope Plan Grade
Point To Point | Length (m)|Length (m) (%)
L1 L2 532.8 532.6 -2.148
L2 L3 810.1 810.0 -2.148
L3 L4 356.6 356.5 -1.200
L4 LS 69.3 69.3 -1.200
LS L6 - 1,258.1 1,258.1 -0.750
L6 L7 2,472.8 2,472.7 -0.750
L7 L8 694.1 694.1 -0.250
L8 L9 75.0 75.0 -0.250
L9 L10 887.0 886.9 -0.920
L10 L11 338.3 338.2 2.070
L11 L12 525.4 525.4 0.250
L12 L13 696.3 696.3 0.250
L13 L14 3,730.8 3,730.8 0.750
L14 L2 1,225.7 1,225.5 1.840
L15 - L6 4,551.5 4,550.1 -2.470
L4 L16 855.8 855.6 -2.470
L16 L17 3,730.9 3,730.8 -0.750
L17 L18 694.1 694.1 -0.330
L18 L10 498.6 498.5 2.500
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Table VI-7. Bounding Coordinates fc. the Lower Block Emplacement Area

East Side of Emplacement Drift

West Side of Emplacement Drift

Drift Northing Easting Elevation Northing Easting Elevation
Number (m) (m) (m) (m) (m) (m)
1 235,906.091 172,781.453 1,005.191 235,534.035 171,636.381 1,005.191
2 235819.447 172,776.913 1,004.540 235,447.3A 171,631.841 1,004.540
3 235,732.803 172,772.372 1,003.890 235,360.747 171,627.300 1,003.890
4 235,646.160 172,767.831 1,003.239 235,274.103 171,622.759 1,003.239
5 235,559.516 172,763.290 1,002.588 235,187.459 171,618.218 1,002.588
6 235,472.872 172,758.749 1,001.937 235,100.815 - 171,613.677 1,001.937
7 235,386.228 172,754.209 1,001.287 235,014,172 171,609.137 1,001.287
8 235,299.584 172,749.668 1,000.636 234,927.528 171,604.596 1,000.636
9 .235,212.940 172,745.127 999.985 234,840.884 171,600.055 999.985
10 235,126.296 172,740.586 099.335 234,754.240 171,695.514 099.335
11 235,039.653 172,736.045 998.684 234,667.596 171,590.973 098 684
12 234,953.009 172,731.505 998.033 234,580.952 171,586.432 908.033
13 234,866.365 172,726.964 997.382 234,494.309 171,581.892 997.382
14 234,779.721 172,722.423 996.732 234,407 .665 171,577.351 006.732
15 234,693.077 172,717.882 996.081 234,321,021 171,572.810 996.081
16 234,606.433 172,713.341 995.430 234,234.377 171,568.269 095.430
17 234,519.790 172,708.800 094 780 234,147.733 171,663.728 094.780
18 234,433.146 172,704.260 99 129 234,061.089 171,559.188 904,129
19 234,346.502 - 172,699.719 903.478 233,974.445 171,554.647 993.478
20 234,259.858 172,695.178 092.827 233,887.802 171,550.106 992 827
21 234,173.214 172,690.637 992177 233,801.158 171,545.565 092.177
22 234,086.570 172,686.096 991.526 233,714,514 171,541.024 991.526
23 233,999.927 172,681.556 990.875 233,627.870 171,536.484 990.875
24 233,913.283 172,677.015 0090.224 233,541.226 171,531.943 090.224
25 233,826.639 172,672.474 089.574 233,454 .582 171,527.402 989.574
26 233,739.995 172,667.933 088.923 233,367.939 171,522.861 988.923
27 233,653.351 172,663.392 988.272 233,281.295 '171,518.320 988.272
28 233,566.707 172,658.852 987.622 233,194.651 171,513.780 087.622
29 233,480.064 172,654.311 986.971 233,108.007 171,509.239 986.971
30 233,393.420 172,649.770 986.320 233,021.363 171,504.698 986.320
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Table VI-7. Bounding Coordinates for the Lower Block Emplacement Area (Continued)
East Side of Emplacement Drift West Side of Emplacement Drift
Drift Northing Easting Elevation Northing Easting Elevation
Number (m) (m) (m) (m) (m) (m)

31 233,306,776 172,645.229 985.669 232,934.719 171,500.157 985.669
32 233,220.132 172,640.688 985.019 232,848.076 171,495.616 985.019
33 233,133.488 172,636.147 984.368 232,761.432 171,491.075 984.368
34 233,046.844 172,631.607 983.717 232,674.788 171,486.535 983.717
35 232,960.201 172,627.066 983.067 232,588.144 171,481.994 983.067
36 232,873.557 172,622.525 982.416 232,501.500 171,477.453 982.416
37 232,786.913 172,617.984 981.765 232,414.856 171,472,912 981.765
38 232,700.269 172,613.443 981.114 232,328.213 171,468.371 981.114
39 232,613.625 172,608.903 980.464 232,241.569 171,463,831 980.464
40 232,526.981 172,604.362 979.813 232,154,925 171,459.290 979.813
41 232,440.337 . 172,599.821 979.162 232,068.281 171,454,749 979.162
42 232,353.694 172,595.280 978.511 231,981,637 171,450.208 978.511
43 232,267.050 172,590.739 977.861 231,894.993 171,445,667 977.861
44 232,180.406 172,586.199 977.210 231,808.349 171,441,127 977.210
45 232,093.762 172,581.658 976.993 231,721.706 171,436.586 976.993
46 232,007.118 172,577.117 976.776 231,635.062 171,432.045 976.776
47 231,920.474 172,572.576 976.559 231,548.418 171,427.504 976.559
48 231,833.831 172,568.035 976.342 231,461.774 171,422,963 976.342
49 231,747.187 172,563.495 976.126 231,375.130 171,418.422 976.126
50 231,660.543 172,558.954 975.909 231,288.486 171,413.882 975.909
51 231,573.899 172,554.413 975.692 231,201.843 171,409.341 975.692
52 231,487.255 172,549.872 975.475 231,114.735 171,403.373 975.475




