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1. PURPOSE

The purpose of this calculation is to provide information to the Performance Assessment
organization. The Performance Assessment organization will be requested to determine
the waste package degradation, over 10,000 years, under the following conditions:

e Repository is not sealed and ventilation air can circulate in the emplacement drifts
(open-loop conditions). :

e Ventilation pressure provided by the heat of the waste packages (natural ventilation).

In order to provide the waste package degradation, the Performance Assessment
organization requires the expected ventilation air temperature, the relative humidity of the
ventilation air, and the waste package skin temperature over the 10,000 year period.
This information is required at points 100, 300, 500 and 600 m from the start of the

emplacement area in the emplacement drifts. This calculation serves as the basis for this
information.

2. METHOD

This calculation will be a combination of previously published analyses and new
information developed in this calculation. However, information from prior analyses
must be adapted or expanded for the specific conditions mentioned above.

A recent analysis, Repository Subsurface Waste Emplacement and Thermal Management
Strategy (CRWMS M&O 1998e), determined the expected air temperature in the
emplacement drifts for a period of 300 years. This information has been extended to
10,000 years by using engineering judgement as explained in Section 5.3.

The Multiple WP Emplacement Thermal Response- Suite I (CRWMS M&O 1998c¢)
calculation determined the waste package side temperature over 10,000 years, but for the
no ventilation condition. This information has been adjusted for natural ventilation
conditions. Natural ventilation will allow air movement through the emplacement drifts
and thus the information in Multiple WP Emplacement Thermal Response- Suite |

(CRWMS M&O 1998c) has been adjusted downward to reflect the cooling effect of the
air.

The amount of moisture carried by the air in the repository is composed of the moisture
of the air outside the repository and moisture added to the outside air from the drift walls.
The moisture from the drift walls is due to infiltration of precipitation from the surface.

The relative humidity of the air in the emplacement drifts is determined by the amount of
moisture and the air temperature.

To check the reasonableness of the airflows within the repository, the natural ventilation
pressure expected was calculated. As a necessary step in the airflow reasonability

determination. the ventilation network within the repository was simulated using the
VNETPC ventilation program.
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3. ASSUMPTIONS

Repository Layout
The repository layout is similar to the VA reference design and contains the
following features, as shown in Figure 1. The layout is more fully described in the

Repository Subsurface Layout Configuration Analysis (CRWMS M&O 1997b).
The page numbers below reflect the specific information source in the reference.

e Long parallel emplacement drifts with 28m center-to-center spacing (TBV-
276) (pg 33) and 5.5m in diameter (TBV-333) (pg 74);

¢ In-drift waste package emplacement (pg 65);

e Two ventilation shafts (6.7m diameter) (TBV-333) (pg 80) and two ramps
(7.62m diameter) (TBV-333) (pg 66 & 67);

e A thermal loading of 85 metric tonnes of uranium/acre (mtw/acre) (pg 11);

e Ventilation raises (2.0m diameter) (TBV-333) between Exhaust Main (7.62m
diameter) (TBV-333) and Emplacement Drifts (pg 79); and

¢ TFive (5) performance confirmation drifts (5.5m diameter) (TBV-333) (pg 59).

Included on Figure 1 is the Enhanced Characterization of the Repository Block
(ECRB) Drift from the East-West Cross Drift Starter Tunnel Layout Analysis
(CRWMS M&O 1998f). The ventilation model has assumed certain connections
based on engineering judgement, such as, connections between the ECRB (5.0m
diameter) (CRWMS M&O 1998f, pg 12) and the Exhaust Main. An additional
Exhaust Main, additional shafts, and mains have also been included based on
engineering judgement. [Used Throughout]

Nodes and Lengths Used for Modeling

Attachment | shows the nodes and lengths used in the ventilation modeling for
this calculation. The number and location of the nodes is based on engineering
judgement. The nodes are located at the midpoint of the drift between the crown
and invert. All distances are measure from node-to-node to allow the ventilation
circuits to be closed. The node-to-node lengths are based on the Repository
Subsurface Layout Configuration Analysis (CRWMS M&O 1997b) as shown in
Figure 1. In order to preclude inconsistencies between the ventilation network
and other layout drawings, the figures used are included in Attachment 1. All
horizontal node-to-node lengths can be determined from these figures. Vertical

node-to-node lengths are calculated as shown in Attachment I. [Used in
Attachments I, 11, and II]

Airway Resistance, Effective Area, and Perimeter of Mains and Drifts
Table 1 shows the airway resistance (K-factor), effective area, and perimeter of
mains and drifts used in the model. The values are based on engineering

judgement and the references cited beneath Table 1. [Used in Attachments 1, and
1] ’

'
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Table 1. Airway Resistance, Effective Area, and Perimeter

General Description of Applicability Airway Resistance Airway Effective Area | Effective Radius or Calculated
Repository Airway K-Factor (d) Dimension {e) Perimeter
(kg/m°) (Ib min/ft® (m9) (/9 (m) (f) (ft)
%1079

Waste Ramp North Ramp & North Ramp Ext 0.0056(a) 30 36.1700 389.33 r=3.51 11.516 72.36

Tuff Ramp South Ramp & South Ramp Ext 0.0111(a) 60 36.1700 389.33 r=3.51 11.516 72,36

Service Main Drifts East Main & Extension, West 0.0130(a) 70 36.1700 389.33 r=3.51 11.516 72.36
Main, & North Main

Exhaust Main (Typ) East & West Exhaust Mains 0.0111(a) 60 37.3000 401.49 r=3.51 11.516 72.36

Service Drift Perf Con (PC) Main & PC Drifts 0.0130(a) 70 19.6300 211.30 =255 8.366 52.57

Service Drift Enhanced Char Repository Block | 0.0130(a) 70 16.5000 177.60 r=2.35 7.710 . 48.44

Emplacement Drift (Typ) Emplacement Drifts 0.0158(a) 85 15.6200 168.13 r=2.55 8.366 52.57

Emplacement Drift Empty (Typ) | Empty Emplacement Drifts 0.0158(a) 70 18.7600 201.93 r=2.55 8.366 52.57

Service Drift Cross-block Drift 0.0130(a) 70 19.6300 211.30 r=2.55 8.366 52.57

Service Drift Stand-by Drift 0.0130(a) 70 18.7600 201.93 r=2.55 8.366 52.57

Emplacement Raise Exhaust Main to Emplacement 0.0037 20 (b) 2.2700 24.43 r=0.85 2.789 17.52
Drift

Service/Vent Raise Exhaust Main to PC/Stand-by/ 0.0037 20 (b) 2.2700 24.43 r=0.85 2.789 17.52
Cross-block Drifts

Horiz. Raise (Same as above) Exhaust Main Connector 0.0037 20 (b) 2.2700 24.43 r=0.85 2.789 17.52

VA Emplacement Shaft Emplacement Vent Shaft 0.0048 25 (c) 29.0300 312.48 =3.05 10.007 62.87

VA Development Shaft Development Man/Materials 0.0176(a) 95 (h) 29.0300 312.48 r=3.05 10.007 62.87
Shaft

Access Drift 7m x 8m Horse-shoe Shaped 0.0046 25 (¢) 41.4842(g) | 446.53(g) | w=7.4(g) | w=24.28(g) 80.13
Shaft Connecting Drift (@) h=2.7(g) h=8.86(g)

r=3.7(g) | r=12.14(g)

LADS-EDA Shaft 6.9m Emplacement Vent Shaft 0.0046 25 (c) 37.3900(f) | 402.49(f) 3.45(f) 11.319(f) 71.12

LADS-EDA Shaft 6.9m Development Shaft 0.0176 95(h) 37.3900(f) | 402.49(f) 3.45(f) 11.319(f) 7112

LADS-EDA Shaft 9.9m LADS-EDA Shaft 0.0046 25 (¢) 76.9771() | 828.57(f) | r=4.95(f) 16.240(f) 102.04

Connector Drift Access Drift to Exhaust Main/ . 0.0046 25 (¢) 36.1700(f) | 389.33(f) | r=3.51(f) 11.516(f) 72.36
West Main/ East Main

Notes:

a) From Controlled Design Assumptions Do
b) From Hartman (1997, pg 155) for straig

cument (CRWMS M&O 1998b, pg 7-18).
ht, smooth lined, slightly obstructed.

¢) From Hartman (1997, pg 155) for straight, smooth lined, slightly obstructed, maximum value.
d) Effective areas from Calculation of Effective Areas of Subsurface Openings During Emplacement Mode (CRWMS M&O 1999b, pg50) except as noted.

e)

fy Assumption for LADS-EDA items is based on eng
g) The horse-shoe shaped access drift is 7m high x 8m wide and i

Radius or Dimension from (CRWMS M&O 1999b, pgs 27, 31, 34, 37, 43, 46, and 47) except as noted.

ineering judgement and is consistent with airways sized to handle projected requirements.
s sized by engineering judgement to ensure it does not restrict the air flow from the shaft. The

drift is reduced to 6.4m x 7.4m after installation of ground support.

hy The “K" factor value for the man/materials shaft during preclos

ure is used continually for postclosure. The fixtures for the men and materials capability of the

shaft are retained to accommodate transition and future use of the shaft.
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Relative Humidity of Air and Barometric Pressure

The relative humidity of air reporting to the entrance to the emplacement drifts
varies from 20 to 40% in the Overall Development and Emplacement Ventilation
Systems (CRWMS M&O 1997a, pg 20). This is based on current experience of
the ESF and NTS tunnels during the winter and summer season. This calculation
will use a representative value of 30% relative humidity.

Barometric pressure at the repository horizon of about 1100m Repository
Subsurface Layout Configuration Analysis (CRWMS M&O 1997b, pg 33) is
about 26.2 inches of Hg (88.72 kPa) (Hartman et al., pg 663). These values are
existing data and do not require confirmation as they will not be used for

construction, fabrication, or procurement of an item. [Used in Attachments VI,
VII, VIII and Section 5.5]

Equivalent Resistance of Stoppings/ Regulators/ Doors

The VNETPC model requires input of the resistance units expected for stogpings
or ventilation control devices. These units are equivalent to 1/10 in.min /¢ =
0.1117x10° Ns¥m®. The specific values used in this calculation range from 0.001
to 99,000 units (see the Attachment for specific values). Note that for dummy
branches a zero (0) resistance is assumed. [Used in Attachments IT & 111}

Average Underground Air Temperature

The average undergrotind air temperature, before the ventilation air has entered
the emplacement drifts, is 25°C. An average air temperature value of 23.5°C was
calculated in Air Quality Control Design Analysis (CRWMS M&O 1998a, pg 19).
This analysis will use a slightly higher value because heat from the waste
packages will have increased the rock temperature. This value is existing data
and does not require confirmation as it will not be used for construction,
fabrication, or procurement. [Used in Section 5.1 and Attachment VIII]

Emplacement Drift Flow Rates

Flow rates of 0.1 and 1.0 m*/sec were assumed to flow in each emplacement drift.
If a flow rate of 0.1 m’/sec is assumed then additional shafts and an exhaust main
(3.1) will not be required. Additional shafts and an exhaust main will be required
for a flow rate of 1.0 m’/sec. These values are considered reasonable for this
calculation. [Used in Attachments I1, III, and Sections 5.2 and 5.5.1]

Elevations of Shafts and Ramps
The following elevations are assumed for shaft collars and ramp portals:

Item Elevation (m) Source for Elevation

North Ramp 1123 CRWMS M&O 1996a, pg 27
South Ramp 1160 CRWMS M&O 1996a. pg 27
Development Shaft 1452 CRWMS M&O 1997b, Fig. 7-1
Emplacement Shaft 1455 CRWMS M&O 19970, Fig. 7-1
Additional Intake Shaft 1300 Estimated from Figure 2
Additional Exhaust Shaft 1455 Estimated from Figure 2
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This calculation used the software package Vulcan Version 3.3 (TBV) to develop
the layouts for the repository for both the VA reference design and the 1 m’/sec
per emplacement drift ventilation models. The Vulcan Model used the
Subsurface Repository Slopes analysis (CRWMS M&O 1997d) as input for the
layout and the Repository Subsurface Layout Configuration Analysis (CRWMS

M&O 1997b) as input for the shaft coordinates. The following elevations are
assumed based on the Vulcan Model:

Item Elevation (m)
Development Shaft 1089.69
Emplacement Shaft 1020.32

Additional Intake Shaft 1055.86
Additional Exhaust Shaft 1043.20

The elevations for the North and South Ramps are from the Exploratory Study
Facilities (ESF) design. The other elevations are existing data and do not require
confirmation as they will not be used for construction, fabrication, or

procurement. [Used in Section 5.5.1 and Attachment I]

Average Infiltration Rate

The average infiltration rate for the repository is 5-10 mm/yr from the Near-
Field/Altered-Zone Models Report (Hardin et al., pg 1-5). This range of flux
values is existing data and does not require confirmation. It is conservative to
equate the average seepage flux into an emplacement drift to the average
infiltration flux at the surface. A range of values is provided because there is

variability in the measurement of infiltration flux over an area the size of the
repository. [Used in Section 5.5]

Average Length of Emplacement Drift
An average emplacement drift is 600m long. This value is approximate and is

based on a review of the Repository Subsurfuce Layout Configuration Analysis
(CRWMS M&O 1997b, Table 1-3). This value is existing data and does not

require confirmation as it will not be used for construction. fabrication. or
procurement. [Used Throughout]

Psychrometric Properties of Air

Psychrometric properties of air, under various conditions, have been calculated in
the Overall Development and Emplacement Ventilation Systems (CRWMS M&O

July 9. 1999
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1997a, pg V-3). The relative humidity (30%), specific humidity moisture (52.263
gr/lb of air), and specific volume (15.7 f*/1b air) values are existing data and do
not require confirmation as they will not be used for construction, fabrication, or
procurement. [Used in Attachments VI, VII, & Section 5.5.1]

Precipitation Over 10,000 Year Period (To Be Verified) (TBV)

This calculation will use an influx rate of 60 mm/yr as representative of the worst
case expected and will base its conclusions upon this value. As. shown in
Assumption 3.9 the current precipitation is in the range of 5-10 mm/yr. The
choice of the 60mm/yr value is an engineering judgement as to the worst case

conditions expected over the 10,000 year period and is considered conservative.
[Used in Section 5.5 and Attachment VIII]

Control of Ventilation Air

Ventilation air will be controlled by regulators. Regulators will be required in
order to split the-air as needed to ventilate the emplacement drifts and other
repository areas (Hartman et al., pg 255). For this calculation, ventilation air will
be assumed to travel the shortest path from entrance to exit. That is, entrance and
exit for ventilation air will be relatively close to each other. For example, the air
from the North Ramp will generally exit at the Emplacement Shaft and not at
other locations. This assumption is a reasonable one as it would be impractical to

transfer the ventilation air long distances in the repository. [Used in Attachments
I1, 111, and Section 5.1)

Rock Wall Temperature Over 10,000 Years (TBV)

An estimate of the drift wall and air temperatures for years 1 through 300 with a
ventilation rate of 1 m*/s is available from Repository Subsurface Emplacement
and Thermal Management Strategy (CRWMS M&O 1998e. Pg 1-42). This data
for locations 100, 300. 500 -and 600 meters from the intake end of the
emplacement drift is shown in Attachment [V, Table IV-1. An estimate of the
temperatures on the side of the waste packages and at the rock wall for years 1|
through 10.000 (with no wventilation) are available from Multiple WP
Emplacement Thermal Response — Suite I (CRWMS M&O 1998¢, pg 28). The
data in these two tables are used as input to estimate the air and drift wall
temperatures that would exist if the emplacement drift were ventilated from 300
to 10,000 years after emplacement. The assumption used in the estimation is that
the data can be plotted and the curves for data from Assumption 3.20 can be
extended by a hand sketch to be parallel to the unventilated Assumption 3.21 data.
The results of the plots are shown in Attachment 1V, Figures [V-1 and IV- 2. The
output of the estimation is shown in Attachment 1V, Table IV-1.The method is
considered adequate for this conceptual work. Methods using computer models
may appear to be more accurate. However. there is a great deal of uncertainty in
the inputs for the computer models when a prediction of conditions 10.000 years
in the future is required. [Used throughout]
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3.15

3.16

3.17

Waste Package Side Temperatures (TBV)

The assumption used to determine the waste package side temperature is that the
ratio of the waste package skin temperature over the wall rock temperature is
constant whether it occurs under no ventilation conditions or under ventilated
conditions. The assumption is based on engineering judgement. The input for the

waste package side temperature calculation is contained in Assumption 3.21.
[Used in Attachment V and Section 5.4]

Minimum Pillar Width

Drifts crossing underneath one another will have a minimum pillar width of 10 m,
similar to the pillar between the emplacement drifts and the Exhaust Main shown
in the Repository Subsurface Layout Configuration Analysis (CRWMS M&O
1997b, pg 79). Performance Confirmation drifts, including the ECRB, shall be
located 15-20m above the emplacement drifts as per the Subsurface Facility
System Description Document (CRWMS M&O 1998g, Volume [, Item 1.2.1.19).
This calculation will use 20m for conservative reasons. This information is
existing data and does not have to be confirmed as it will not be used for
construction, fabrication or procurement. [Used in Attachments [, II, and III]

Alcove Dimensions

Alcoves can be many different sizes. For this calculation, alcove dimensions for
intake and exhaust raises are 7m high x 8m wide x 10m long to accommodate
raise-boring equipment. Raises are located in the center of the alcoves to take
into account any deviation of the pilot hole. All dimensions are based on
engineering judgement. This information is existing data and does not have to be

confirmed as it will not be used for construction, fabrication, or procurement.
[Used in Attachments I. II. and III]

3.18 Gas Constant

The gas constant “R™ is 53.35 ft 1b/ Ib mass “R from Hartman et al., pg 13. [Used
in Section 5.5]

3.19 Distance Between Exhaust Mains

3.20

The center-to-center distance between Exhaust Mains shall be at least three drift
diameters for ground stability (or about 23m for this calculation).  This
assumption conforms to the advice in Jaeger & Cook (1976, pg. 497). This
information is existing data and does not have to be confirmed as it will not be

used for construction, fabrication, or procurement. [Used in Attachments 1. Il,
and 11} '

Emplacement Drift Air and Rock Wall Temperature (TBV)

Table 2 is from Repository Subsurface Waste Emplacement and Thermal
Management Strategy (CRWMS M&O 1998e. pg 1-42).

BCADO0000-01717-0210-00002, Rev. 00 10 July 9, 1999



Table 2. Emplacement Drift Air and Rock Wall Temperatures with Ventilation

Time after Temperature °C

Empim’t Air Wall Air Wall Air Wall Air Wall

(Years) | @100m | @100m | @ 300m | @300m | @ 500m | @ 500m | @ 600m | @ 600m
1 3453 7419 44 .93 77.92 49.44 79.54 50.62 79.96
5 46.81 88.37 72.85 101.67 86.00 109.52 89.80 111.65
10 50.47 83.10 84.79 114.80 104.64 126.49 110.93 130.11
20 51.46 93.47 90.44 121.08 114.81 136.84 123.03 141.91
30 50.86 89.97 91.31 119.84 118.3 137.74 127.83 143.85
40 49.33 85.57 88.87 115.95 116.71 135.33 126.90 142.15
50 47.60 81.09 85.44 111.25 113.37 131.64 123.91 138.98
60 45.93 76.91 81.87 106.39 109.51 127.56 120.21 135.26
70 44.39 73.15 78.38 101.55 105.56 123.40 116.31 131.35
80 43.01 69.80 75.18 97.52 101.74 119.37 112.46 127 47
90 41.80 66.88 72.33 93.71 98.18 1156.59 108.82 123.81
100 40.73 64.30 69.74 90.26 94 .81 111.98 105.37 120.32
150 38.58 55.80 64.62 79.48 88.01 99.96 98.47 109.66
200 35.97 50.83 58.06 71.60 78.90 90.16 88.87 99.58
250 34 .41 47.71 53.58 66.07 72.14 82.97 81.16 91.26
300 33.37 45.51 50.45 62.07 67.23 77.65 75.35 85.09

[Used in Section 5.4 and Attachments IV, V, VII, and VIII]

3.21

Waste Package Side and Rock Wall Temperature (TBV)

Table 3 is from Multiple WP Emplacement Thermal Response — Suite 1 (CRWMS
M&O 1998c, pg 28).

Table 3. Waste Package Side and Rock Wall Temperature w/o Ventilation

Year After Emplacement

WP Side (°C)

Rock Wall ("C)

1 135 97
5 166 139
10 184 163
20 198 181
30 198 184
40 197 185
50 195 183
60 192 182
70 189 180
80 185 177
90 183 175
100 180 173
200 170 165
300 164 160
400 160 156
500 157 154
1000 146 144
1500 139 137
2000 133 132
3000 128 127
4000 129 128
5000 130 129
6000 130 129
7000 130 129
8000 129 129
10000 127 127

[Used in Attachment IV and Section 5.4}

BCADO0000-01717-0210-00002, Rev. 00
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3.22

3.23

3.24

3.25

Bottom of Shaft Elevation for VA Design

The bottom of the emplacement shaft elevation for the VA design is 1038.09m as
shown in Repository Subsurface Layout Configuration Analysis (CRWMS M&O
1997b, pg IV-2). The bottom of the development shaft is 1110.27m (CRWMS
M&O 1997b, pg IV-1). [Used in Attachment I}

10% Added to All Lengths

A 10% factor has been added to all lengths used in the ventilation models to
account for joints and minor misalignments. The factor is based on the lower
range specified in Hartman et al., pg 160 for shock losses and ensures a
conservative calculation. [Used in Attachments II & III]

Fan Curves
A Joy-M144-79-590 type fan is used in the VA ventilation model. A Joy-M132-
79-710 type fan is used in the 1 m>/sec ventilation model. The choice of these

fans is by engineering judgement. Fan curves from the Joy Axivane Fans Mining
Catalog J-670 are included in Attachments Il and IIl. The permission letter is

" included in Attachment IX.

Fan Efficiency and Power Cost

A fan efficiency of 75% has been allowed in the ventilation models. This fan
efficiency is conservative and is industry experience for primary fan estimation
purposes. A power cost of $0.10 per kilowatt hour has been allowed in the
ventilation models. This value is considered reasonable for estimation purposes.
Both values are existing data and do not have to be confirmed as they will not be

used for construction. fabrication. or procurement. [Used in Attachments II and
111}

Maximum Grade for Excavation

The maximum grade for excavation is + 3 % from the Subsurface Facility System
Description Document (CRWMS M&O 1998g. Item 1.2.4.2). {[Used in
Attachment ]

Turning Radius for a Tunnel Boring Machine (TBM)

The minimum turning radius for a TBM is 305m from the Subsurface
Construction and Development Analysis (CRWMS M&O 1998i, pg 1I-5). This
value provides the radius for curves used in Figure I-4. This radius is existing

data and does not have to be confirmed as it will not be used for construction,
fabrication, or procurement.

4. USE OF COMPUTER SOFTWARE

Word processing (Microsoft Word) and spreadsheet (Microsoft Excel) software were
used for the main body of this calculation. The use of common, off-the-shelf computer

programs do not require validation and verification under the applicable M&O
procedures.
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A simulation of the repository ventilation network was constructed using VNETPC
Software, Windows Version 1.0a. The software was appropriate for this use and used
only within its validated range as described in the Sofiware Qualification Report for
VNETPC for Windows: Version 1.0a (CRWMS M&O 1999a). This software was
obtained from and designated by the Software Configuration Manager with an identifier
of CSCI 30029 V1.0a. This program was run on a Gateway 2000 computer, model P5-

166. The input and output for this program are shown in Attachments I, I, II1, and are
discussed in Section 5.2.

The conceptual layouts in this calculation were developed on the Vulcan Software.
Vulcan Version 3.3 (TBV) is an unqualified software program. This software was run on
a Silicon Graphics Indigo 2 computer system (CPU# 700592) with a Unix operating
system. Since this software is unqualified, the layouts are considered to be TBV and are
not to be used to support construction, fabrication, or procurement. The software was
originally acquired to specifically perform this type of work and the software is
appropriate for its application to this engineering calculation.

5. CALCULATION

This calculation is divided into several sections. The first section discusses how the
natural ventilation pressure is determined. The next section discusses the output and
other aspects of the VNETPC ventilation simulation. A section is devoted to a discussion
of how the air temperature,thermal information was extended from the Repository
Subsurface Waste Emplacement and Thermal Management Strategy (CRWMS M&O
1998¢). A section discusses how the waste package skin temperature, calculated in the
Multiple WP Emplacement Thermal Response- Suite I (CRWMS M&O 1998c) (with no
ventilation), was modified to the present situation that does include ventilation. A section
is included that discusses how the air moisture was determined. The final section

summarizes the air temperature, air moisture, and waste package skin temperature over a
10.000 year period.

5.1 Determination’of Natural Ventilation Pressure

A determination of natural ventilation pressure can be made using the formula contained
in Hartman et al., p 298.°

H, = 44 Pa/ 10°C/ 100m or H,= 0.03in/ 10°F/ 100 ft  (Equation #1)

This means that 44 Pascals of natural ventilation pressure will be developed for each
difference in air temperature of 10°C and each 100m difference in elevation.

Natural ventilation pressure (NVP) can change with the temperature differences caused
by the seasons. For this calculation. ambient conditions of natural rock temperature.
seasonal surface temperature and barometric fluctuations will be neglected. These
‘simplifications ensure the calculation will be conservative. as only the temperature
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difference in the emplacement drift and elevation change between intake and exhaust will
be considered. Table 4 is a simplified version of the NVP expected in the repository.

Table 4. Simplified Natural Ventilation Pressure Table

Path A Elev (m) (3.8) | A Temperature (°C) NVP (Pa) | Calculation

N. Ramp-E. Shaft 1455-1123=332 35 511 44(35/10)(332/100)
S. Ramp-D. Shaft 1452-1160=292 35 450 44(35/10)(292/100)
New . Shaft -New 1455-1300=155 35 239 44(35/10)(155/100)
E. Shaft

Note: For this example, intake temperature = 25°C (3.6) and exhaust temperature = 60°C.
The 60°C air temperature is used as an example in Table 4. The air temperature at the

exit will vary over time because the heat generated by the waste package will change.
Attachment VIII shows how NVP will vary over time.

5.2 Ventilation Simulation

The repository layout (3.1) shown in Figure 1 was used for this calculation. A simplified
version of the layout is shown in Attachment I. The repository layout can be simplified

because of the parallel and similar nature of the emplacement drifts. The 105 drifts
shown in Figure 1 has been reduced to 19 drifts.

A VNETPC simulation was run that distributed a relatively equal volume of air to the
emplacement drifts. This simulation used mechanical fans to power the system (see
Attachment III). The same layout configuration was analyzed using NVP as the driving
force. This simulation revealed that a volume of at least 0.1 m*/sec could be achieved in
each emplacement drift. However. a volume of 1 m¥/sec could not be achieved with the
V A reference design (3.7) over the 10.000 year period for this calculation.

A new layout design was developed by the addition of new intake and exhaust shafts to
achieve 1.0 m’/sec per emplacement drift . In addition a new Exhaust Main was added
parallel and adjacent to the original Exhaust Main. This additional Exhaust Main will
accept all flow from the emplacement drifts, the other Exhaust Main will accept all

airflow’s from the rest of the repository. The exhaust tubes in the Exhaust Main were
removed to reduce the resistance in the main for the new layout.

The air entering the repository under natural ventilation conditions will need to be
regulated to ensure that the correct amount of air flows in each emplacement drift (3.13).
Although the design of these air regulators is outside the scope of this analysis. it is noted
that they will be required to function for up to 10,000 years.

53 Determination of Temperatures Over 10,000 Years
Attachment 1V is developed using Assumption 3.14. Attachment IV plots temperature
information for the period 1-10.000 years from the Multiple WP Emplacement Thermal

Response- Suite 1 (CRWMS M&O 1998c) calculation.  This information is for
emplacement drifts with no ventilation. This information is used to extend the
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emplacement drift temperatures (with ventilation) found in the Repository Subsurface

Waste Emplacement and Thermal Management Strategy (CRWMS M&O 1998¢)
analysis.

5.4 Determination of Waste Package Side Temperature

Waste package side temperature has been determined for the first 10,000 years of
repository life with no ventilation (Assumption 3.21). Table 5 shows the calculation of
the ratio of WP side temperature over rock wall temperature (Assumption 3.15).
Attachment V takes the rock wall temperature shown in Attachment IV and multiplies it

by the ratio shown below for 100m, 300m, and 500m intervals for the period 1-10,000
years.

Table 5. Calculation of Waste Package Side Temperature

Temperature "C — 600 m
Year | Rock Wall' | WP Side’ | Rock Wall* | Ratio (WP/RW) WP Side
with vent. w/o vent. wl/o vent. Temperature with
ventilation
1 79.96 135 97 1.3918 111
5 111.65 166 139 1.1942 133
10 130.11 184 163 1.1288 147
20 141.91 198 181 1.0939 155
30 143.85 198 184 1.0761 1565
-40 142.15 ' 197 185 1.0649 151
50 138.98 Y195 183 1.0656 148
60 135.26 192 182 1.0549 143
70 131.35 189 180 1.0500 138
80 127.47 185 177 1.0452 133
390 123.81 183 175 1.0457 129
100 120.32 180 173 1.0405 125
150 109.66 174" 168 1.0357 114
200 99.58 170 165 1.0303 103
250 91.26 167" 163* 1.0245 93
300 85.09 164 160 1.0250 87
400 79 160 156 1.0256 81
500 74 157 154 1.0195 75
1000 65 146 144 1.0139 66
1500 59 139 137 1.0146 60
2000 55 133 132 1.0076 55
3000 54 128 127 1.0079 54
4000 53 129 128 1.0078 53
5000 52 130 129 1.0078 52
6000 51 130 129 1.0078 51
7000 50 130 129 1.0078 50
8000 50 129 129 1 50
10000 50 127 127 1 50

Notes: 1) Rock Temperatures from Table 2 (3.20) for the period 1-300 years. Rock
Temperatures from Table IV-1 for the period 400-10.000 years.
2) Waste Package Side and Rock Wall temperature from Assumption 3.21.
Values shown with an ™*” are estimated.
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5.5 Air Moisture Determination

A determination of the moisture in the air can be made by adding the moisture contained
in the outside air to the moisture picked up by the air as it travels through the repository.
This is accomplished as will be described below. This section of this calculation will be

calculated in English units and then converted to SI units as this matches the information
in Attachments VI and VII.

5.5.1 Mass of Water Added to Air

The average precipitation over the repository is 5-10 mm/year (3.9). This section will use
10 mm/yr as an example. In addition an average emplacement drift is 600m long (3 10)

and 5.5m in diameter (3.1) (TBV-333). The ventilation rate is assumed to be 1.0 m 3/sec
(3.7).

Step Name . Calculation Result

1) Influx of water 10 mm/yr

2) Influx of water (inches) 10mm/ 25.4mm/in 0.3937 in/yr

3) Influx of water (feet) 0.3937ir/ 12in/ft 0.03281 ft/yr
4) Area (ft%) : (600m)(5.5m)/(0.3048)*ft/m*36.,000 ft*

5) Volume of Water 0.03281ft/yr x 36,000t 1181.1 f*/yr
6) Mass of Water/Year 1181.1¢/yr x 62.4 Ib/fY° 73.700 Ib/yr
7) Mass of Water/Minute 737001b.yr/(365 x 24 x 60) | 0.14022 1b/min

8) Grains of Water/Minute 0.140221b/min x 7000 gr/lb  981.54 gr/min

9) Volume of Air in DrifMin 1 m*/sec = 2119 ft*/min 2119 f’/min

10) Mass of Air in DriftMinute 2119f¢/min /15.7f¢/1b air*  134.968 Ib/min

11)  Grains Water/Pound Air 981.54/134.968 7.272 gr/lb of air
12)  Mass of Water @ 30% RH 52.263 gr/lb of air**
13) Total Mass of Water 7.272 + 52.263 59.5 gr/lb of air
Notes:

1) * 15.7 /b of air (3.11)
2)** 52263 gr/lbofair (3.4 & 3.11)
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3) Attachment VI is an expansion of this calculation and uses 60 mm/yr precipitation

(3.12).

4) The unit “grains™ is used because of the small masses involved in this calculation.

Information from Attachment VI will provide input to Attachment VII to determine the
relative humidity of air in the emplacement drifts.

5.5.2 Development of Psychrometric Chart

The following equations are from Hartman et al., pgs 14-16.

The specific humidity is calculated:

Py=P,+ P, (Equation #2)

P, = Barometric Pressure in inches of Hg
P, = Partial Pressure of Dry Air (in. Hg)
P, = Water Vapor Pressure (in. Hg)

W =0.622 [P,/ (P, — P,)] Ib/lb of dry air (Equation #3)

If Equation #3 is multiplied by 7000 the result will be expressed in grains/ b dry air. An
example how to calculate the grains/ Ib of dry air was done in Section 5.5.1.

The specific volume is calculated:

v=RT¢ P, (f/lb) (Equation #4)

v = Volume per unit weight of Air

T4 = Absolute Dry-Bulb Temperature (°R)

R = Gas Constant (53.35 ft 1b/lb mass °R) (3.18)
P, = Partial Pressure of Dry Air (lb/inz)

The saturation vapor pressure at the dry bulb temperature 1s calculated:

P, =0.18079 exp ((17.27t4 — 552.64)/(tq + 395.14)) (Equation #5)

P, = Saturation Vapor Pressure- Dry Bulb (in. Hg)
tq = Dry Bulb Temperature (°F)

The saturation vapor pressure at the wet bulb temperature is calculated:

P, = 0.18079 exp((17.27t,, — 552.64)/(1 + 395.14)) (Equation #6)

P’ = Saturation Vapor Pressure- Wet Bulb (in. Hg)
tw = Wet Bulb Temperature (°F)
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The partial pressure of water vapor is calculated:

P, =P - (Py - Py)(tq — tw)/ (2800 — 1.3t,)) in. Hg (Equation #7)

Equation #6 can be substituted into Equation #7. Given that Partial Pressure of Water

Vapor (P,) has already been calculated, the Wet Bulb Temperature (tw)can be determined.
This equation is not shown.

The relative humidity is calculated:

Relative Humidity = (P./P;) x 100% (Equation #8)

Enthalpy is calculated:

h =.0.24t5 + W(1060 + 0.45ty) (Equation #9)
h = Btu/ 1b dry air

Attachment VII uses these formulas to determine the relative humidity over the 10,000

year period. Some of the numbers in Attachment VII are not exact, due to rounding of
some values.

Attachment VI uses a relative humidity of 30% and a precipitation amount of 60
mm/year. The 30% relative humidity of the emplacement drift inlet air was chosen as per
Assumption 3.4. The 60 mm/yr value (3.12) was chosen in order to be very conservative.
This precipitation amount introduces more moisture into the emplacement drift.

The total mass of water calculated in Attachment VI does not exactly match the moisture
shown in column “M” of Attachment VII. Attachment VI was based on the formulas
detailed above. The wet bulb temperature (Attachment VII, column “e™) was adjusted
until the moisture content in column “M™ nearly matched the value calculated in
Attachment VI. The relative humidity that was determined in Attachment VII (column
“K) was the basis for the relative humidity shown in Attachment VIII.

6. RESULTS

A summary of results can be found in Attachment VIII. All results from this calculation
are TBV because of the number of assumptions made and because of inputs that are also
TBV. The results from this calculation will not be added to the formal To Be Verified/

To Be Determined (TBV/TDB) tracking process because of the conceptual and
preliminary nature of the information

BCADO0000-01717-0210-00002. Rev. 00 18 July 9. 1999



7. REFERENCES

CRWMS M&O (Civilian Radioactive Waste Management System Management and
Operating Contractor) 1996a. ESF Layout Calculation. BABEAD000-01717-0200-00003
REV 04. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19960930.0095.

CRWMS M&O 1997a. Overall Development and Emplacement Ventilation Systems.

BCA000000-01717-0200-00015 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC:
MOL.19980123.0661.

CRWMS M&O 1997b. Repository Subsurface Layout Configuration Analysis.

BCAQ000000-01717-0200-00008 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC:
MOL.19971201.0879.

CRWMS M&O 1997c. Determination of Available Volume for Repository Siting.

BCA000000-01717-0200-00007 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC:
MOL.19971009.0699.

CRWMS M&O 1997d. Subsurface Repository Slopes. BCAA00000-01717-0200-00007,
REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19971125.0578.

CRWMS M&O 1998a. Air Quality Control Design Analysis. BCADO00000-01717-0200-
00008 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19980729.0044.

CRWMS M&O 1998b. Controlled Design Assumptions Document. BO0000000-01717-
4600-00032 REV 05. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.19980804.0481.

CRWMS M&O 1998c. Multiple WP Emplacement Thermal Response — Suite 1.

BBA000000-01717-0210-00001 REV 00. Las Vegas. Nevada: CRWMS M&O. ACC:
MOL.19980807.0311.

CRWMS M&O 1998d. Not Used.

CRWMS M&O 1998e. Repository Subsurface Waste Emplacement and Thermal

Management Strategy. B00000000-01717-0200-00173 REV 00. Las Vegas, Nevada:
CRWMS M&O. ACC: MOL.19980918.0084.

CRWMS M&O 1998f. East-West Cross Drift Starter Tunnel Layout Analvsis.

BABEAF000-01717-0200-00008 REV 01. Las Vegas, Nevada: CRWMS M&O. ACC:
MOL.19980216.0530.

CRWMS M&O 1998g. Subsurface Facility System Description Document. BCA000000-

01717-1705-00014 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC:
MOL.19980826.0161.

BCADO0000-01717-0210-00002., Rev. 00 19 July 9, 1999



CRWMS M&O 1998h. Not Used.

CRWMS M&O 1998i. Subsurface Construction and Development Analysis.

BCA000000-01717-0200-00014 REV 01. Las Vegas, Nevada: CRWMS M&O. ACC:
MOL.19981124.0367.

CRWMS M&O 1999a. Software Qualification Report for VNETPC for Windows,
Version 1.0a. 30029-2003 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC:
MOL.19990105.0206.

CRWMS M&O 1999b. Calculation of Effective Areas of Subsurface Openings During
Emplacement Mode. BCAA00000-01717-0210-00002 REV 00. Las Vegas, Nevada:
CRWMS M&O. ACC: MOL.19990302.0101.

Joy Mining Machinery 1982. Joy Axivane Fans Mining Catalog J-670. New
Philadelphia, Ohio: Joy Mining Machinery. TIC: 244167.

Hardin, E.L.; Blair, S.C.; Bourcier, W.L.; Buscheck, T.A.; Chesnut. D.A.; DeLoach,
L.D.; Glassley, W.E.; Johnson, J.W.; Knapp, R.B.; Knauss, K.G.; Lee, K.; Meike, A.;
Myers, K.; Nitao, J.J.; Palmer, C.E.; Rogers, L.L.; Rosenberg, N.D.; Viani, B.E.;
Wittwer, C.. and Wolery, T.J. Near-Field/ Altered-Zone Models Report. UCRL-ID-

129179. Milestone Report SP3100M3. Livermore, California: Lawrence Livermore
National Laboratory. ACC: MOL.19980630.0560.

Hartman, H.L.; Mutmansky, J.M.; Ramani, R.V.; and Wang Y.J. 1997. Mine Ventilation

and Air Conditioning. Third Edition. New York. New York: John Wiley & Sons. Inc.
TIC: 236391.

Jaeger. J.C. and Cook. N.G.W. 1976. Fundamentuls of Rock Mechanics, Second Edition.
John Wiley & Sons, Inc. New York, New York. TIC: 209863.

8. ATTACHMENTS
Attachment I (8 pages) VNETPC Items Common to Both Attachment I & 111
Attachment II (24 pages) VNETPC Ventilation Model for VA Layout

Attachment 11l (29 pages)  VNETPC Developed Ventilation Model for Airflow at 1.0
m’/s per emplacement drift

Attachment I'V (3 pages) Ailr and Rock Wall Temperatures Over 10.000 Years

Attachment V (1 page) Rock Wall and WP Side Temperatures Over 10.000 Years

BCADO0000-01717-0210-00002, Rev. 00 20 July 9. 1969



Attachment VI (1 page)

Attachment VII (5 pages)
Attachment VIII (1 page)
Attachment IX (3 pages)

BCADO0000-01717-0210-00002, Rev. 00

Prediction of Moisture Content for Ventilation Air at
Intermediate Location in Emplacement Drift (@ Natural
Ventilation Airflow = 1.0 m*/s

Predicted Psychrometric Properties of Ventilation Air in
Repository Emplacement Side

Air and Drift Wall Temperature, Relative Humidity (RH),
and WP Skin Temp Output

Permission Letter to use Curves

21 July 9. 1999



Post Closure Open-Loop Natural Ventilation ATTACHMENT I
BCAD00000-01717-0210-00002 Rev 00 Page I-1 of I-8

Attachment [
VNETPC Items Common to Both Attachments II & III
This attachment includes Figures showing the ventilation layouts for the no ventilation
(VA reference design) and the 1m*/sec per emplacement drift ventilation simulations.
Horizontal distances used in this calculation have been noted on Figure 1-2. The vertical
distances and certain other nodes are described below.

1) Emplacement Drift (ED) to Exhaust Main (EM) Raises:

Applies to Nodes : 402-502; 410-510; 415-515; 422-522; 430-530; 438-538; 445-545;
453-553; 460-560; 466-566; 475-575; 495-595; 4105-5105; 4120-5120

Node-to-Node Length:

¥ ED diameter (Assumption 3.1) + ED to EM pillar (3.16) + 2 EM diameter (3.1) =

2 (5.5) + 10 + Y4 (7.62) = 16.56, varies between 16.6 and 17.3m to maintain line and
grade on the mains.

2) Performance Confirmation (PC) to EM Raises
Applies to Nodes: 403-503; 433-533
Node-to-Node Length:

¥ PC Drift diameter (3.1) + PC to ED pillar (3.16) + ED diameter (3.1) + ED to EM
pillar (3.16) + 2 EM diameter (3.1)

Y (5.5) + 20 + 55 + 10 + %2 (7.62) = 42.06m, varies between 42.1 and 42.3m to
maintain line and grade on the mains.

3) PC and ECRB to EM Raises

Applies to Nodes: 456-556; 467-567; 480-580: 4103-5103

Node-to-Node Length

4 PC Drift diameter (3.1) + PC to ED pillar (3.16) + ED diameter (3.1) + ED to EM
pillar (3.16) + 2 EM diameter (3.1)

Y (5.5) + 20 + 55 + 11 + % (7.62) = 43.06m, varies between 42.5 and 42.8m to
maintain line and grade on the mains. The ED to EM pillar slightly larger than
minimum to preserve line & grade on ED or EM.

4) Horizontal Raise Connector of Exhaust Mains (connects between E & W EM)
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Applies to Nodes: 502-602; 503-603; 510-610; 515-615; 522-622; 530-630; 533-633;
538-638; 545-645; 553-653; 556-656; 560-660; 566-666; 567-667; 575-675; 580-680;
595-695; 5103-6103; 5105-6105; 5120-6120
Node-to-Node Length:
Node-to-node lengths are developed on Figure I-2.

5) Emplacement Shaft for 1 m®/sec Simulation

Applies to Nodes: 17-605

Node-to-Node Length:

Surface Elevation (3.8) — Bottom of Shaft (3.8)- %2 Access Drift height (3.3)
1455- 1020.32- %2 (7) = 431.18 rounds to 431.2m

5a) Emplacement Shaft for VA reference design
Applies to Nodes: 17-605

Node-to-Node Length:

Surface Elevation (3.8) — Bottom of Shaft (3.22) — % Access Drift height (3.3)
1455- 1038.09- %4 (7) = 413.41 rounds up to 413.5m

6) Development Shaft for 1 m*/sec Simulation
Applies to Nodes: 16-14
Node-to-Node Length:

Surface Elevation (3.8) — Bottom of Shaft (3.8) — 2 Access Drift height (3.3)
1452-1089.69 — %2 (7) = 358.81 rounds to 358.8m

6a) Development Shaft for VA reference design
Applied to Nodes: 16-14

Node-to-Node Length:

Surface Elevation (3.8) - Bottom of Shaft (3.22) — 2 Access Drift height (3.3)
1452-1110.27- 4 (7) = 338.23 rounds to 338.2m

7) Intake Shaft for 1m’/sec Simulation

Applies to Nodes: 24-25
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8)

9)

Node-to-Node Length:

Surface Elevation (3.8) — Bottom of Shaft (3.8) — %2 Access Drift height (3.3)
1300- 1055.86- % (7) = 240.64 rounds down to 240.3m

Exhaust Shaft for Im’/sec Simulation:
Applies to Nodes: 28-29

Node-to-Node Length:

Surface Elevation (3.8) — Bottom of Shaft (3.8) — 2 Access Drift height (3.3)
1455- 1043.20- Y2 (7) = 408.3m

East EM to West EM Raise (see sketch at bottom)
Applies to Nodes: 660-26; 680-27; 23-21
Node-to-Node Length:

% East EM diameter (3.1) + % Alcove length (3.17) + 2 East EM diameter (3.1) +
EM to Access Drift pillar (3.16) +-% Access Drift height (3.3) + 2 Alcove length
(3.17) + Y East EM diameter (3.1) + distance between East & West EM (3.19) +
West EM diameter (3.1) + %2 Alcove length (3.17)

% (7.62)+% (10)+ % (7.62) + 10+ 4 (T) + 2 (10) + 12 (7.62) + 23 + 2 (7.62) + 2
(10) = 66.74, varies between 66.6 and 67.0m to maintain line and grade on the mains.

10) West EM to Drift Connector (see sketch at bottom)

Applies to Nodes: 22-21; 760-26; 780-27

Node-to-Node Length:

2 West EM diameter (3.1) + % Alcove length (3.17) + 2 West EM diameter (3.1) +
EM to Access Drift pillar (3.16) + /2 Access Drift height (3.3)
V2 (7.62) + ¥ (10) + %2 (7.62) + 10 + Y2 (7) = 26.12 rounds to 26.1m
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11) Connecting Access Drift
Applies to Nodes: 26-28

Node-to-Node Length:

Distance from Figure I-4 + % Alcove length (3.17)
300.6 + 5 =305.6m

12) Connecting Access Drift
Applies to Nodes: 27-28

Node-to-Node Length:

Distance from Figure I-4 + %2 Alcove length (3.17)
501.7 +5=506.7m

13) Shaft Connecting Drift
Applies to Nodes: 25-245

Node-to-Node Length:

t

Distances from Figure 1-4 + approximate elevation difference from Figure I-4 + '
Alcove length (3.17) + 2 Drift diameter (3.1)

(696.8+447 2+242.5+436.9) + (1067.99-1035.38) + V2 (10) + 2 (7.62) = 1864.8m

Note for Items 9 & 10:

A pattern of drift or raise construction is shown in the calculation to determine the length
of the airway. To simplify the VNETPC simulation, the average feature of a horseshoe
shaped connector for nodes 23-21, and 22-21 is used. The other connectors for nodes

660-26, 760-26, 680-27, and 780-27 used an equivalent round access drift similar to a
7.62m diameter main.
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