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Initial Issue. This document was previously issued using document identifiers BCA000000-
01717-1705-00016. This document supersedes the previous issuances. This document is a
complete rewrite of the superseded documents, driven largely by the use of an alternate source
of regulatory requirements, the implementation of the License Application Design Selection
effort, the use of a new document development procedure, and the combination of the waste
emplacement and waste retrieval systems into a single system.

The purpose of this revision is to add Section 2 Design Description and incorporate the
applicable changes in revision 01 of “Monitored Geologic Repository Project Description
Document.” Editorial changes (such as new table numbering scheme) and non-editorial changes
(such as the addition and deletion of TBVs and TBDs) were made throughout the document.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor any of their employees, nor any of their contractors,
subcontractors or their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or any third party's use or the results of such use of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof.
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- SUMMARY

The Subsurface Ventilation System supports the construction and operation of the subsurface
repository by providing air for personnel and equipment and temperature control for the
underground areas. Although the system is located underground, some equipment and features
may be housed or located above ground. The system ventilates the underground by providing
ambient air from the surface throughout the subsurface development and emplacement areas.
The system provides fresh air for a safe work environment and supports potential retrieval
operations by ventilating and cooling emplacement drifts.

The system maintains compliance within the limits established for approved air quality
standards. The system maintains separate ventilation between the development and waste
emplacement areas. The system shall remove a portion of the heat generated by the waste
packages during preclosure to support thermal goals. The system provides temperature control
by reducing drift temperature to support potential retrieval operations. The ventilation system
has the capability to ventilate selected drifts during emplacement and retrieval operations.

The Subsurface Facility System is the main interface with the Subsurface Ventilation System.
The location of the ducting, seals, filters, fans, emplacement doors, regulators, and electronic
controls are within the envelope created by the Ground Control System in the Subsurface Facility -
System. The Subsurface Ventilation System also interfaces with the Subsurface Electrical
System for power, the Monitored Geologic Repository Operations Monitoring and Control
System to ensure proper and safe operation, the Safeguards and Security System for access to the
emplacement drifts, the Subsurface Fire Protection System for fire safety, the Emplacement Drift
System for repository performance, and the Backfill Emplacement and Subsurface Excavation
Systems to support ventilation needs.
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QUALITY ASSURANCE

The quality assurance (QA) program does not apply to the development of this document. The
"SDD Development/Maintenance (Non-Q SDDs) (WP# 6012126M5)" activity evaluation has
determined that the development of this document is not subject to DOE/RW-0333P “Quality
Assurance Requirements and Description” requirements. This document was developed in
accordance with AP-3.11Q, "Technical Reports."”
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-

1. SYSTEM FUNCTIONS AND DESIGN CRITERIA

The functions and design criteria for the system are identified in the following sections.
Throughout this document the term “system” shall be used to indicate the Subsurface Ventilation
System. The system architecture and classification are provided in Appendix B.

1.1
1.1.1
1.1.2

1.1.3

1.14
1.1.5
1.1.6

1.1.7

1.2

SYSTEM FUNCTIONS
The system generates and controls subsurface airflow.
The system maintains air quality standards within established limits.

The system contributes to the control of subsurface air temperatures and the rate
of air temperature change.

The system controls human access to the emplacement drifts.
The system provides monitored status of system and equipment operation.
The system provides operating parameters and air-related environmental data.

The system mitigates the spread of combustion products emitted from a

subsurface fire.

SYSTEM DESIGN CRITERIA

This section presents the design criteria for the system. Each criterion in this
section has a corresponding Criterion Basis Statement in Appendix A that
describes the need for the criterion as well as a basis for the performance
parameters imposed by the criterion. Each criterion in this section also contains
bracketed traces indicating traceability, as applicable, to the functions (F) in
Section 1.1, the “Monitored Geologic Repository Requirements Document”
(MGR RD) and “Revised Interim Guidance Pending Issuance of New U.S.
Nuclear Regulatory Commission (NRC) Regulations (Revision 01, July 22,
1999), for Yucca Mountain, Nevada.” In anticipation of the interim guidance
being promulgated as a Code of Federal Regulations, it will be referred to as “10
CFR 63” in this system description document. For the applicable version of the
codes, standards, and regulatory documents refer to Appendix E.
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1.2.1 System Performance Criteria

1.2.1.1 The system shall provide a minimum quantity of fresh air (surface ambient) to

accommodate a maximum of 353 (TBV-4710) persons on the development side
“and a maximum of 89 (TBV-4710) persons on the emplacement side.

[F1.1.1,1.1.2, 1.1.3][MGR RD 3.1.F]

1.2.1.2 The system shall be capable of regulating airflow through each emplacement drift.
[F1.1.1]
1.2.1.3 The system shall minimize the dry bulb temperatures in the subsurface for areas

requiring human access while limiting the maximum dry bulb temperature to 48
degrees C (TBV-0321). For subsurface areas requiring human access for a full
shift (i.e., equal to or in excess of eight hours) without personnel heat stress
protection, the system shall limit the maximum effective temperature to 25
degrees C.

[F1.1.3]

1.2.14 The system shall maintain underground air temperatures during repository remote
access (remote equipment) modes to within the values specified in Table 1.

Table 1. Remote Temperatures

Location Operations - Maximum Temperature
Emplacement Drift Remote Access” 50 degrees C Dry Bulb
Access Mains, Ramps, and Alcoves | Remote Access* 50 degrees C Dry Bulb
Performance Confirmation Drifts Remote Access” 50 degrees C Dry Bulb
Exhaust Main Remote Access™ 50 degrees C Dry Bulb
Turnouts : Remote Access™ ' 50 degrees C Dry Bulb

*Includes emplacement, retrieval, recovery, backfill, and abnormal modes of operation.

[F1.1.3][MGR RD 3.3.A]

1.2.1.5 The system shall be capable of controlling the rate of air temperature change
within the emplacement drifts during blast cooling to no greater than (TBD-0239)

degrees C per day.
(F1.1.1, 1.1.3][MGR RD 3.3.A]

1.2.1.6 The system shall provide ventilation for the development and emplacement areas

by two separate and independent systems.
[F1.1.1,1.1.2]
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1.2.1.7 The system shall maintain, at the interface of the emplacement and development
areas, the air pressure on the development side at least 62.2 Pa (0.25 in. of water)

greater than the air pressure on the emplacement side.
' [F1.1.1,1.1.2]

1.2.1.8 The system shall limit the maximum emplacement drift wall temperature to 96

degrees Celsius during the preclosure period.
" [F 1.1.3][MGR RD 3.2.M]

1.2.1.9 The system shall be designed to remove at least 70 percent of the heat generated
by the waste packages within the emplacement drifts during the first 54 years

after the initiation of waste package emplacement.
fF1.1.1,1.1.3]

1.2.1.10 The system design shall be based on the outside design conditions as indicated in
Table 2. :

Table 2. Outside Design Conditions

Parameter Design Data
Site: Mercury, Nevada Latitude: 360 37" 12"
Longitude: 1160 01’ 12”
Elevation: 3310 ft

Heating Dry-Bulb 99.6%: 240 F (Note 1)
99%: 280 F (Note 2)
Cooling Dry-Bulb 0.4%: 1020 F (Note 1)

1%: 1000 F (Note 2)
Cooling Mean Coincident Wet-Bulb | 0.4%: 650 F (Note 1)
1%: 640 F (Note 2)

Wet-Bulb 1%: 670 F (Note 3)
Dew-Point 0.4%: 640 F

1%: 600 F
Mean Coincident Dry-Bulb 0.4%: 720F

1%: 770 F

Range of Dry-Bulb Temperature 25.90 F

Note 1: Use where close temperature and humidity control is
required.

Note 2: Use for personnel comfort systems.

Note 3: Use for cooling towers. '

For definition of acronyms, symbols, and units see Appendix C.

[MGR RD 3.3.A]

1.2.1.11 The system shall have a maintainable service life up to 175 years.
[F1.1.1, 1.1.2])[MGR RD 3.2.H][10 CFR 63.111(e)(2), 63.111(¢)(3)]
1.2.1.12 The system shall include provisiohs for upgrades and refurbishments designed to

increase the system’s operational life to support a deferral of closure for up to 300

years.
[F1.1.1, 1.1.2][MGR RD 3.2 H]
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122 Safety Criteria
1.2.2.1 Nuclear Safety Criteria

This system contains no nuclear safety criteria.
1.2.2.2 Non-nuclear Safety Criteria

1.2.2.2.1 The system shall locate main intake airways a minimum of 100 m (TBV-4693) |

away from surface air exhaust airways.
[F1.1.1,1.1.2, 1.1.6][MGR RD 3.3.A}

1.2.2.2.2 The system shall be designed to maintain ventilated air within the air quality
limits of the more stringent "Occupational Safety and Health Standards" (29 CFR
1910.1000), or the "Threshold Limit Values for Chemical Substances and
Physical Agents and Biological Exposure Indices.”

[F 1.1.2][IMGR RD 3.1.E, 3.1.G]

1.2.2.2.3 The system shall secure the emplacement drift entrances to limit unauthorized
personnel access to high radiation areas.

[F 1.1.4]IMGR RD 3.1.B, 3.1.C][10 CFR 63.112(e)(5)]

1.2.2.24 The system shall be designed to prevent reverse airflow in the emplacement drifts.

(i.e., from emplacement drifts to the turnouts).
: [F1.1.1][MGR RD 3.3.A]

1.2.2.2.5 The system shall be designed to ensure that occupational doses are ALARA (as
low as is reasonably achievable) in accordance with the project ALARA program
goals (TBD-0406) and the applicable guidelines in "Information Relevant to
Ensuring that Occupational Radiation Exposures at Nuclear Power Stations Will
Be As Low As Is Reasonably Achievable” (Regulatory Guide 8.8).

[F 1.1.2]I]MGR RD 3.1.B, 3.1.G][10 CFR 63.111(a)(1)]

1.2.2.2.6 The system shall be capable of controlling average concentrations of radon
daughters to levels that will not result in worker exposure exceeding the limits
specified in "Occupational Safety and Health Standards” (29 CFR 1910.1096) in |
potentially occupied area.
[F 1.1.2][MGR RD 3.1.E, 3.3.A]
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1.23 System Environmental Criteria

1.2.3.1 The system components that are exposed to outside wind conditions shall be

designed for a maximum wind speed of 121 miles per hour.
[MGR RD 3.3.A]

1.2.3.2 The applicable surface system components (air intake louvers, dampers, outdoor
units, stack, etc.) shall be protected from and designed to operate in the external
environment with a maximum daily snowfall of 10 in. and maximum snowfall

accumulation of 17 in.
[MGR RD 3.3.A]

1.2.3.3 The system components that are exposed to the outside temperature environment
shall be designed to a temperature of 5 degrees F to 117 degrees F.

[MGR RD 3.3.A]
1.2.34 The system shall be designed for the ambient relative humidity environment
defined in Table 3.

Table 3. Ambient Relative Humidity Environment

Parameter Value
Annual mean value 28%
Minimum summer mean value 13%
Maximum winter mean value 46%
[MGR RD 3.3.A]
1.2.3.5 The applicable system components shall be designed to operate in 12 pg/m’

Background Particulate Matter, 10 um or less for 24 hours.

[MGR RD 3.3.A]

1.2.3.6 The applicable system components shall be designed to operate in 30 pg/m’
Background Particulate Matter, 50 pm or less for 24 hours.

[MGR RD 3.3.A]

1.2.3.7 The applicable system components shall be designed to operate in (TBD-3654) in

situ rock temperature (pre-emplacement).
[MGR RD 3.3.A]

1.2.3.8 The applicable system components shall be designed to operate in air

temperatures up to 96 degrees C.
[MGR RD 3.3.A]
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1.2.3.9 The system shall be designed for line loading on WPs within individual
emplacement drifts, defined as a maximum linear heat load of 1.5 kW/m of
emplacement drift, averaged over a fully loaded emplacement drift at the time of
completion of loading an entire emplacement drift.. '

- 1.24 System Interfacing Criteria

[MGR RD 3.2.M]

1.24.1 The system shall accommodate the Monitored Geologic Repository Operations |
Monitoring and Control System in providing system measurements and
equipment status as listed in Table 4 and Table 5, as a minimum. The type of
monitoring capabilities (i.e., continuous versus intermittent) is dependent on the
final system design and will be specified before system design is complete.

Table 4. Monitoring Parameters

System Parameter Location of Monitoring

Airflow Rate (or Velocity)* Main Intake, Exhaust, and Underground Working Areas

Air Pressure Differential* Air Locks
Ventilation Fans

Air Temperature* Main Intake, Exhaust, and Underground Working
Areas

Relative Humidity of Airflow™ Main Intake, Exhaust, and Underground Working
Areas

Concentration of Airborne Particulates® Main Intake, Exhaust, and Underground Working
Areas

Concentration of CO* Main Intake, Exhaust, and Underground Working Areas

Anticipated ranges for normal operation, for anticipated operational occurrences, and accident

conditions will be provided for these parameters as part of final design.

Table 5. Equipment Status

Equipment

Parameter Indicated

Valves (Dampers)

Open/Close Position

Fans

RPM, Voltage, Current, On-Oft

Emplacement Doors

Open/Close Position

Air locks Open/Close Position
[F1.1.5, 1.1.6][MGR RD 3.1.F, 3.1.G, 3.3.A]
1.24.2 The system shall interface with the Subsurface Fire Protection System to comply

with subsurface fire protection requirements.

[F1.1.1, 1.1.7]IMGR RD 3.3.A]

1.24.3 The system shall interface with the Subsurface Electrical Distribution System to
ensure appropriate power supply.

[F1.1.1]
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3

1.2.4.4 The system shall interface with the Subsurface Facility Systefn to ensure that
subsurface layout, arrangement, and opening sizes support ventilation.

[F 1.1.1][MGR RD 3.3.A]

1.24.5 The system shall interface with the Emplacement Drift System to ensure
ventilation capacity and availability to support temperature constraints.

[F 1.1.3][MGR RD 3.2.M]

1.2.4.6 The system interfaces with the Subsurface Excavation to accommodate
ventilation needs for subsurface excavation operations.

[F1.1.1, 1.1.2][MGR RD 3.3.A]

1.24.7 The system interfaces with the Backfill Emplacement System to accommodate

ventilation needs for backfill operations.
[F 1.1.3][MGR RD 3.3.A]

1.24.8 The system interfaces with the Safeguards and Security System to accommodate '
' for alarms and controls for the emplacement drift doors.
[MGR RD 3.3.A]
1.2.4.9 The system interfaces with the Site Radiological Monitoring System to
accommodate the installation of radiation monitors.
[MGR RD 3.3.A]
1.2.4.10 The system shall interface with the Uncanistered SNF Disposal Container System

to ensure ventilation capacity and availability to support temperature constraints.

[F 1.1.3][MGRRD 3.2.L] |

1.24.11 The system shall interface with the Defense High Level Waste Disposal Container
System to ensure ventilation capacity and availability to support temperature
constraints.

[F1.1.3] |

1.24.12 The system shall interface with the Naval Spent Nuclear Fuel Disposal Container
System to ensure ventilation capacity and availability to support temperature
constraints.

[F1.1.3] |
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1.24.13

1.24.14

1.2.5

1.2.5.1

1.2.6

1.2.6.1

1.2.6.2

1.2.6.3

1.2.6.4

1.2.6.5

The system shall interface with the DOE Spent Nuclear Fuel Disposal Container
System to ensure ventilation capacity and availability to support temperature
constraints.

[F 1.1.3]

The system shall interface with the Canistered Spent Nuclear Fuel Disposal
Container System to ensure ventilation capacity and availability to support
temperature constraints.

[F1.1.3][IMGR RD 3.2.L]

Operational Criteria
The system shall be designed with an inherent availability of .9825 (TBV-4655).

[F 1.1.1]MGR RD 3.3.A]

Codes and Standards

The system shall be designed in accordance with the applicable sections of
"Occupational Safety and Health Standards" (29 CFR 1910).

[MGR RD 3.1.E]

The system shall comply with the applicable provisions of "Safety and Health
Regulations for Construction” (29 CFR 1926).
[MGR RD 3.1.F]

The system shall comply with the applicable design provisions in Section 14.5 of
"Radiation Protection in Uranium Mines" (ANSI N13.8-1973) to control
concentrations of radon daughters in the potentially occupied areas of the
repository.

[MGRRD 3.3.A]

The system design shall comply with the applicable requirements in the ASHRAE
(American Society of Heating, Refrigerating, and Air Conditioning Engineers)
"Fundamentals" handbook.
' [MGR RD 3.3.A]

The system ductwork shall be designed in accordance with the applicable
provisions of "Standard for the Installation of Air Conditioning and Ventilating
Systems" (NFPA 90A). ‘

[MGR RD 3.3.A]
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1.2.6.6

1.2.6.7

1.2.6.8

1.2.6.9

1.2.6.10

1.2.6.11

1.2.6.12

1.2.6.13

1.3

14

The system shall be designed in accordance with applicable sections of the
“Department of Defense Design Criteria Standard, Human Engineering" (MIL-

STD-1472E).
[MGR RD 3.3.A]

The system shall be designed in accordance with applicable sections of "Human
Factors Design Guidelines for Maintainability of Department of Energy Nuclear

Facilities" (UCRL-15673).

[MGR RD 3.3.A]

Reserved
The system shall comply with the applicable sections of “Standards for Protection

Against Radiation” (10 CFR 20).
[MGR RD 3.1.B]

The system shall comply with the applicable sections of the “Monitored Geologic
Repository Project Description Document.”

The system shall comply with the applicable provisions of “1997 Uniform
Building Code” (Volume 1, “Administrative, Fire- and Life-Safety, and Field
Inspection Provisions”).

[MGR RD 3.1.G, 3.3.A]

The system shall comply with the applicable provisions of “1997 Uniform
Building Code” (Volume 2, “Structural Engineering Design Provisions”).

[MGR RD 3.1.G, 3.3.A]

The system shall comply with the applicable provisions of “1997 Uniform
Building Code” (Volume 3, “Material, Testing and Installation Standards™).

[MGR RD 3.1.G, 3.3.A]

SUBSYSTEM DESIGN CRITERIA
There are no subsystem design criteria for this system.
CONFORMANCE VERIFICATION

This section will be completed in a later revision.
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2. DESIGN DESCRIPTION

Section 2 of this SDD summarizes information which is contained in other references. By
assembling system specific information contained elsewhere (i.e., analyses, technical reports,
etc.), Section 2 provides insight into the current state of the design of this system. However, due
to the nature of design development, the information contained in this section will continue to
change as the design matures. '

2.1 SYSTEM DESIGN SUMMARY

This system includes the design of separate ventilation systems for the
development and waste emplacement operations. The Subsurface Ventilation
System will be designed to ensure compliance with approved air quality
standards, to ensure that occupational exposures are ALARA, and controlling
average concentrations of radon daughters to acceptable level. The ventilation
system will remove a portion of the heat generated by the waste packages during
preclosure to support thermal goals. The system will accommodate the Monitored
Geologic Repository Operations Monitoring and Control System in providing
system measurements and equipment status.

The Subsurface Ventilation System is comprised of:

e Intake/exhaust air mains, ramps, ventilation shafts, shaft access drifts, and
ventilation raises, which serve as conduits for airflow during construction
and emplacement operations

e Ventilation fans (intake and exhaust), isolation doors, louvers, portable
shadow shield, and exhaust main partition :

2.2 DESIGN ASSUMPTIONS

An assumption is considered to be a statement or proposition that is taken to be
true or representative in the absence of direct confirming data or evidence.
Assumptions pertaining to the ventilation system strategy that were presented in
the "Monitored Geologic Repository Project Description Document," “Overall
Subsurface Ventilation System,” and “Site Recommendation Subsurface Layout”
are reproduced in this section. All assumptions are considered accepted data,
existing, or TBV, respectively, where noted.

2.2.1 Controlled Project Assumptions

The following assumptions, from the ‘“Monitored Geologic Repository Project
Description Document,” have been incorporated into this document.
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22.1.1

2.2.1.2

222

2221

2222

Decontamination Concept

Per “Monitored Geologic Repository Project Description Document,” Controlled
Project Assumption (CPA) 013: The MGR design will provide means for
controlling the spread of potential contamination and performing
decontamination, consistent with applicable codes and standards, by selecting
design features and decontamination operations that will comply with ALARA
requirements and, to the extent practical, minimize effects on operations. MGR
radiological, waste handling, and maintenance operations will be supported by
equipment designed to decontaminate the handling equipment, waste containers,
and personnel as near the source of contamination as practicable. Portable or
mobile decontamination equipment will be provided where appropriate to support
area cleanup and for preliminary equipment decontamination for the purposes of
safe handling to final decontamination. Major decontamination operations will be
centralized where confinement of the contaminant and movement to the
centralized facility is dictated by ALARA considerations. Decontamination
equipment will be designed to collect and confine the contamination byproducts
in a way that can be safely transported or transferred for processing.

Emplacement Drift Entrance

The “Monitored Geologic Repository Project Description Document,” CPA 021,
states that doors are required at entrances to the emplacement drifts. These doors
will be normally in the closed and lock position to prevent unauthorized personnel
access and to regulate airflow.

Other Assumptions

The assumptions used in the “Overall Subsurface Ventilation System” or the “Site
Recommendation Subsurface Layout” are identified and explained in this section.

Empty Drifts During Emplacement

In the “Site Recommendation Subsurface Layout,” Section 5.2.1, it is assumed
that a certain number of drifts, excavated within the pillar of two adjacent
emplacement drifts, 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.

Blast Cooling Air Volume

Airflow of 47 m3s for an emplacement drift split is assumed to be available for
off-normal (blast) cooling. This capacity would provide airflow for a single blast
cooling operation. This assumption is presented in the "Overall Subsurface
Ventilation System,” Section 5.7, and is used in Section 6.1.4 of that analysis.
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2223

2224
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The emplacement drift ventilation flow can be varied to allow limited-time for
equipment access for evaluating and remediation work to deal with operational
upsets. The "Overall Subsurface Ventilation System,” Attachment III, shows a
peak air temperature for the emplacement drift at 60 degrees C. Therefore,
additional airflow will be required to lower the temperature below 50 degrees C to
allow remote equipment access. For a maximum linear heat load of 1.5 kW/m
(“Monitored Geologic Repository Project Description Document,” Criterion
5.2.10), the outlet air temperature would be slightly higher and blast cooling
would still be required.

Human Access In The Exhaust Main

~ In the “Site Recommendation Subsurface Layout,” Section 5.2.7.5, it is assumed

that human access will be required in the Exhaust Main to service ventilation
controls located at the bottom of the ventilation raises.

This assumption was used in the “Site Recommendation Subsurface Layout,”
Attachment IV, Section IV.3, to establish the partitioning of the Exhaust Main
into an exhaust side and a service side within the Subsurface Facility.

Ventilation Stopping

In the “Site Recommendation Subsurface Layout,” Section 5.2.7.6, it is assumed
that a typical mine stopping, a physical barrier used for separating ventilation
airflow, is approximately 0.2 m thick. This mine stopping is typical for the
mining industry (“Mine Ventilation and Air Conditioning,” p. 463) where
permanent or long-term control of airflow is required.

This assumption was used in the “Site Recommendation Subsurface Layout,”
Attachment IV, Section IV.3, since the partitioning of the Exhaust Main will
require a physical containment barrier for separating ventilation airflows.

DETAILED DESIGN DESCRIPTION

This section contains summaries of the design description details for the
ventilation system components as described in the “Overall Subsurface
Ventilation System” and “Emplacement Ventilation System” Analyses. Per the

“Monitored Geologic Repository Project Description Document,” Criteria 5.1.4.1

and 5.1.4.2, the MGR shall accommodate up to 70,000 MTHM or equivalent,
while not precluding the capability of accommodating either 97,000 MTHM or
115,000 MTHM or equivalent.

The subsurface ventilation system consists of two separate and independent fan
systems and flow networks separated by isolation airlocks. One system provides
airflow to the emplacement operations (exhaust system) and one system provides
airflow to the development operations (blowing system). Air pressure in the
development side is maintained at a higher pressure than in the emplacement side
(see Criterion 1.2.1.7). In the unlikely event that radioactive particulates are
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released into the subsurface air stream on the emplacement side, the pressure
differential will prevent the spread of contamination to the development side. If
the emplacement exhaust air is contaminated, the airflow could be isolated and a
mobile filtration unit would be used to treat the emplacement drift air.

Emplacement Ventilation

The existing Exploratory Studies Facilities is integrated into the “Site
Recommendation Subsurface Layout,” Section 6.2.1.1. All other subsurface
repository openings will be developed from the Exploratory Studies Facilities. As
described in the “Overall Subsurface Ventilation System,” Section 6.1, in the
basic emplacement ventilation concept, fresh air enters through an intake shaft, or
one of the ramps, and is distributed to the East and West Main. The intake shafts
are connected to the East and West Mains by a shaft access drift. From the mains,
the air enters emplacement, performance confirmation, or empty drifts and travels
to centrally located exhaust raises. The exhaust raise effectively divides each
respective drift in half, referred to as a split. Each split in the repository will be
ventilated during preclosure. Air entering the performance confirmation drift,
cross-block drift, or empty emplacement drifts (see Section 2.2.2.1) is directed to
the service side of the Exhaust Main and air flowing through emplacement drifts
containing waste packages is directed to the exhaust side of the Exhaust Main.
The Exhaust Main carries the airflow to exhaust shaft access drifts where it is then
carried to the surface by the exhaust shafts.

Figure 1 provides a picture of the general airflow configuration described above.
The airflow volume allocations for each intake and exhaust shaft are provided in
Figures 2 through 5. Figure 2 provides the intake airflow volume allocation for
the 70,000 MTU case. Figure 3 provides the exhaust airflow volume allocation
for the 70,000 MTU case. Figure 4 provides the intake airflow volume allocation
for the 97,000 MTU case. Figure 5 provides the exhaust airflow volume
allocation for the 97,000 MTU case. The figures show ventilation for the
emplacement mode only.

Fans located on the exhaust shafts provide the motive force for the subsurface
repository airflow. Figure 6 provides a cross section picture of the airflow from
the emplacement drifts to the fans, which are located on the surface. The fans are
designed to have enough power to exhaust the maximum amount of air that will
be required during the emplacement, monitoring, off-normal, and closure phases.
The airflow volume produced by the fans is variable; thereby ensuring there is
sufficient ventilation capacity to support the temperature constraints. The air
volumes provided must be able to remove 70 percent of the heat generated by the
waste packages during preclosure. Air distribution within the repository is
controlled by air doors located at each emplacement drift, performance
confirmation drift, cross-block drift, and standby emplacement drift. The doors
will control access (see Section 2.2.1.2) and contain regulators (louvers) to control
the flow of ventilation air through the drift. The opening and closing of the doors
and regulators will be remotely controlled. There will also be a method of
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regulating airflow at the bottom of each exhaust raise. To prevent recirculation
from inside the emplacement drifts out to the main drifts, the surface fan
installations are operated in an exhaust mode at each exhaust shaft to create a
negative air pressure on the Exhaust Main level that is more negative than on the
emplacement level. As the activities in the emplacement drifts vary so will the
demand for airflow. For example, the emplacement drift airflow can be adjusted
for drip shield installation, backfill placement, or to react to off-normal events that
may occur. This ability to regulate airflow demonstrates the ventilation system's
capability to interface with the emplacement drift system and satisfy meeting the
temperature requirement for remote access. The installation of regulators at the
entrances and/or exits of the emplacement drifts provide the method to meet these
requirements.
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In the “Emplacement Drift Air Control System” (p. 44), air control was provided
by a single air door at the emplacement drift entry in combination with valves on
the exhaust raise. As an option, the current design may use an air lock (dual
doors) to provide the primary ventilation control at the emplacement drift entry.
As discussed in the “Emplacement Ventilation System,” Section 6.3.2, air
regulators would be contained at each airlock door and airflow could be re gulated
at the emplacement level rather than at the Exhaust Main level.

Due to the increased air volume and multiple intakes, it is envisioned the Exhaust
Main will be a single drift with a center divider wall (see Section 2.2.2.4) that will
provide airflow isolation as discussed below. The potential peak emplacement
drift exhaust air temperature of 60 degrees C (“Overall Subsurface Ventilation
System,” Attachment III) is a temperature barrier restricting personnel access.
Due to the heat and possible contamination, personnel will not work in this air
stream. This air stream is contained in what is referred to as the exhaust side of
the Exhaust Main.

The performance confirmation, empty spare emplacement, and cross-block drifts
are the only air paths to provide airflow to what is referred to as the service side
of the Exhaust Main where the instrumentation and personnel access is
maintained (see Section 2.2.2.3). The performance confirmation, cross-block, and
empty emplacement drifts will not contain waste packages and, therefore, will not
be heated or exposed .to the possibility of contamination. The air exiting these
areas will be carried in an air stream (separate from the exhaust side air stream)
that would be considered a normal work place. As an option, some or all of the
cooler air contained in the service side can be redirected to the warmer airflow
stream in the exhaust side to cool that air stream. This concept is discussed in the
“Overall Subsurface Ventilation System,” Section 6.1, and the “Emplacement
Ventilation System,” Section 6.2.2.

232 Emplacement Drift Air Volume

In “ANSYS Thermal Calculations in Support of Waste Quantity, Mix and
Throughput Study,” Table 6-5, modeling concluded that for a ventilation flow rate
of 15 m¥s, at 1.4 kW/m and 1.6 kW/m load, 71 percent of the heat was removed
after 50 years of continuous ventilation. With an upper and lower bound
delineated, an emplacement drift air volume of 15 m3/s per split was selected for
use in the “Overall Subsurface Ventilation System,” Section 6.1.1.

233 Blast Cooling Air Volume

In the “Overall Subsurface Ventilation System,” Section 6.1.4 a blast cooling
volume of 47 m?¥s is used to provide supplemental airflow to deal with
operational upsets (see Section 2.2.2.2). The blast cooling airflow allows the
ventilation system to be adjusted to provide cooling and allow personnel or
equipment access.
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235

2.3.6

Construction Ventilation Phase

During early repository construction the Exploratory Studies Facility (ESF) loop
(North Ramp, East Main and South Ramp) provides a flow path for the ventilation
air. The existing airflow pattern through ESF ventilation system will be used, i.e.
fresh air intake through the North Ramp and exhaust out the South Ramp. The
ESF flow-through air volume will be capable of providing airflow for multiple
work faces. Local ventilation is the volume of air supplied from the Main Drift
through to the working face. Global ventilation is the volume of air that is
provided from surface to the main drifts. Local ventilation systems will intake
fresh air from the ESF, get used at the working face, be filtered as necessary and
then be discharged back to the ESF south tunnel or ducted to the surface. It is
envisioned that two main drifts would be excavated to the north, off the North
Ramp curve. The first main drift (North Ramp Access) will provide airflow to the
first block of emplaced waste. The second main drift is required to allow the
development effort to proceed after waste has been emplaced in the first block.
During the construction phase this allows the two ventilation systems to be
isolated by barriers satisfying. “Overall Subsurface Ventilation System,” Section
6.3.1 describes the ventilation concept for this phase in more detail.

- Construction/Emplacement Phase

The repository is developed in a series of "panels" isolated from the emplacement
area by the isolation airlocks that create two independent ventilation systems.
Isolation barriers will exist at all emplacement/development interfaces on both the
emplacement and exhaust levels. When the development of a panel of
emplacement drifts is complete, the isolation barriers are relocated and the panel
is then released for emplacement. At this time, the next panel is developed. This
sequence continues until all emplacement drifts in the repository are complete.
The construction/development ventilation air is supplied through a blowing
system installed at the development shaft and the emplacement ventilation system
operates in an exhaust mode with fans placed on top of the exhaust shafts. As
discussed in Section 6.3.2 of the “Overall Subsurface Ventilation System” this
creates a pressure differential across the isolation barrier separating the
development and emplacement ventilation systems and ensures any leakage
between the two systems is from the development side toward the emplacement
side.

After the development activities have been completed, only the emplacement
ventilation system will be operated.

Monitoring

When all waste packages have been emplaced, the repository enters the
monitoring phase. The design will allow for an airflow for a period of up to 300
years.
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2.3.7

23.7.1

23.72

23.73

g

The ventilation-related monitoring requirements include pressure, humidity,
temperature, flow rate, carbon monoxide, door status, fan status, and louver status
for assorted locations including main intake, main exhaust drifts, and the working
areas. In addition to the ventilation-related monitoring requirements select
monitoring of radioactive and non-radioactive particulates (e.g., dust, silica, etc.)
is necessary. The Subsurface Ventilation Monitoring System is described in the
“Overall Subsurface Ventilation System,” Section 6.5. :

Closure Ventilation

Closure ventilation requirements are described in the “Overall Subsurface
Ventilation System,” Section 6.3.4.

Emplacement Drift Backfill Ventilation

If the repository closes after 50 years of emplacement drift ventilation, the
exhaust (from the emplacement drifts) air temperature is expected to have
dropped to approximately 49 degrees C (“ANSYS Thermal Calculations in
Support of Waste Quantity, M1x and Throughput Study,” Table III-8) if ventilated
with an air volume of 15 m®/s (assuming 1.6 kW/m). Should emplacement
backfill be needed, no special airflow is required to lower the temperature further
since remote equipment can operate in temperatures up to 50 degrees C. The
ventilation system during emplacement backfill, as with the normal emplacement
drift ventilation concept, would be capable of providing a reduced controlled air
movement during and after backfill placement. After backfill placement a
regulated flow can be maintained to ensure that the airflow direction does not
reverse. The “Overall Subsurface Ventilation System,” Section 6.3.4.1 describes
this in more detail.

Main Drift Backfilling Ventilation

Fresh air from the intake shaft is directed to the backfilling work area by ducts,
drawn across the face and exhausted through a cross-block drift. Dust filtration
units would be used as necessary. As the backfilling continues, the duct is
repositioned and maintains the airflow return exhaust ahead of the operator. The
exhaust main (now devoid of any intake air) remains to be backfilled and this can
be accomplished by installing rigid ducting (exhaust) down the shaft to the work
area. The “Overall Subsurface Ventilation System,” Section 6.3.4.2, describes
this in more detail.

Shaft Backfilling Ventilation

The shaft backfilling system would be similar to other backfilling processes.
Temporary ventilation can be supplied to the work area by flexible ducts and
portable fans. The “Overall Subsurface Ventilation System,” Section 6.3.4.3,
describes this in more detail. '
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Mitigating Airborne Particulates and Radon gas in the Repository

The subsurface ventilation system must be designed to prevent, control, remove,
contain, or dilute contaminants such as radon and dust (which may include free
silica, cristobalite, and quartz). The “Overall Subsurface Ventilation System,”
Sections 6.4.1 and 6.4.2, presents strategies for controlling dust and addressing
radon concerns. Air velocities higher than 3 m/s will re-entrain settled dust in the
air stream (“Mine Ventilation and Air Conditioning,” p.125). It is expected that
that the drift air velocity on the development side will not exceed 3 m/s velocity.
Radon gas is liberated in relation to the exposed rock area. Therefore, by
reducing the length of the airflow path, the rock surface exposed can be reduced
and consequently the amount of radon released can be reduced.

COMPONENTS DESCRIPTION
This section describes select components of the ventilation system.
Air Control Options

As discussed in “Emplacement Ventilation System,” Section 6.3, airflow
regulation is required in the emplacement drifts. The design consists of isolation
doors located in both the east and west emplacement drift turnouts. Each door has
louvers that serve as inlets for ventilation air. The air passes through the drift and
exits down the exhaust raise. Louvers are installed in each door to control airflow
to the emplacement drift. The outer emplacement door opens, allowing the
transport locomotive and waste package transporter to enter. The inner
emplacement door remains shut and maintains the ability to control airflow. After
the transport equipment enters the airlock, the outer emplacement door shuts and
the inner one opens. The dual isolation door concept is illustrated in the
“Emplacement Ventilation System,” Figure 5.

Emplacement Drift Isolation Door Construction

As discussed in the “Emplacement Ventilation System,” Section 6.4.1, the
emplacement drift isolation doors provide some level of radiation protection.
They can be constructed of a composite of steel and concrete or completely steel.
The all-steel door would be composed of two plates joined together by steel
spacers. An insulating material would be placed inside the hollow area between
the spacers or on the interior surface of the door facing the emplacement area.

Each door is installed in a concrete bulkhead since concrete acts as a partial shield
against radiation. By forming a seal against the walls of the drifts and by filling
cracks in the rock, leakage around the bulkhead can be minimized. ’

Exhaust System

" In the “Site Recommendation Subsurface Layout,” Section 6.2.1.1 the Exhaust

Main is excavated at 7.62 m diameter and contains a 0.2 m thick partition wall
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2.5

(Section 5.2.7.6) to provide a barrier to separate airflows (see Section 2.2.2.4).
This concept (split exhaust main) is described further in the “Emplacement

_ Ventilation System,” Section 6.2.3. In this concept, a single Exhaust Main is

separated into an exhaust side and a service side by a partition. The air from
emplacement drifts containing waste packages will generally be channeled to the
exhaust side of the partition, while air from the performance confirmation, cross-
block, and empty drifts will go to the service side. Since the exhaust side of the
main will be hotter than the service side, the partition will need to be insulated.
The service side must be kept at a temperature suitable for personnel access.

The exhaust raise and outlet structure is located on the service side of the Exhaust
Main to allow personnel access for maintaining the regulating valves, radiation
detectors, and other instruments necessary for monitoring waste emplacement
system performance. Radiation shielding on either the outlet structure or the
partition itself may be necessary. The “Emplacement Ventilation System,”
Section 6.4.3, provides additional description of the split Exhaust Main.

CRITERIA COMPLIANCE

Table 6 summarizes the criteria governing design of the system and explanations
of how the design complies with the criteria.
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Table 6. Criteria Summation

Criterion

Adherence to Criteria

1.2.11

This criterion will be met once the design has been finalized.

1.2.1.2

Criterion has been met in the “Emplacement Ventilation System” Sections 6.1, 6.3.1, 6.3.2).
Airflow can be regulated by options that include: 1) louvers on emplacement drift isolation
doors located in the east and west tumout with exhaust regulators installed at the bottom of
the exhaust raise. 2) Dual isolation doors in each emplacement drift turnout to form an air
lock with louvers installed in each door to regulate the airflow. This arrangement doesn't rely
on regulators at the bottom of the exhaust raises.

1.21.3

The potential peak emplacement drift exhaust air temperature is 60°C (“Overall Subsurface
Ventilation System,” Section 6.1). Human access will not be permitted in air streams with this
temperature (“Overall Subsurface Ventilation System,” Section 6.1). The criterion has been
met in the “Emplacement Ventilation System,” Section 6.2.3, by channeling the hotter air to
the exhaust side of a split exhaust main, separated from the service side by an insulated
partition. The “Site recommendation Subsurface Layout,” Section 5.2.7.6, uses a single
exhaust drift with a partition. In the “Overall Subsurface Ventilation System,” Sections 5.7
and 6.1.4, a blast cooling airflow is available to cool areas where access is needed and
temperatures exceed 48°C.

1.2.1.4

The criterion has been met in the “Overall Subsurface Ventilation System,” Sections 5.7, 6.1,
and 6.1.4. It is assumed that blast cooling air volume of 47 m3/s will be provided to lower the
temperature of the drift to below 50°C for remote equipment access to emplacement areas.

1.2.1.5

This criterion will be met once the design is finalized.

1.2.1.6

Criterion has been met in the “Overall Subsurface Ventilation System,” Sections 6.1, 6.3.1,
and 6.3.2. Construction/development ventilation air is supplied through a blowing system
installed at the development shaft. The emplacement ventilation system operates in an
exhaust mode. This system maintains a pressure differential across the isolation barrier
separating the development and emplacement ventilation systems and ensures any leakage
between the two systems is from the development side toward the emplacement side.

1.2.1.7

This criterion will be met when the design is finalized.

1.2.1.8

The “ANSYS Thermal Calculations in Support of Waste Quantity, Mix and Throughput
Study,” Table 6-2, indicates that an air volume of 15 m3/s and a thermal load of 1.6 kW/m the

peak drift wall temperature will be 87°C for a drift that is ventilated for 50 years. Used in the
“Site Recommendation Subsurface Layout,” Section 6.2.3.5.

1.2.1.9

_Criterion has been met in the “Overall Subsurface Ventilation System,” Sections 6.1, and

6.1.1. With a continuous emplacement drift airflow of 15 m3/s per split the 70% heat removal
requirement is met after approximately 50 years. The ANSYS modeling concluded that for a
continuous ventilation flow rate of 15 m3/s at 1.4 kW/m and 1.6 kW/m load, 71% of the heat
was removed after 50 years.

1.2.1.10

This criterion will be met when the design is finalized.

t.2.1.11

Criterion has been met in the “Overall Subsurface Ventilation System,” Section 6.3.3. When
all waste packages have been emplaced, the repository enters the monitoring phase.
Ventilation System components would require rebuild/refurbishing for extended operations.

12112

Criterion has been met in the “Overall Subsuiface Ventilation System,” Section 6.3.3. The
Main fans will require routine maintenance such as rebuild/refurbishing during the preclosure
period and during any extended period of operation.

1.2.2.2.1

This criterion will be met when the design is finalized.

1.2.2.2.2

This criterion will be met when the design is finalized.

Page 33 of 72 |
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Table 6. Criteria Summation (continued)

Criterion Adherence to Criteria :
Criterion has been met in the “Emplacement Ventilation System,” Sections 6.4.1. The
12223 isolation doors control human access to the emplacement drifts and provide some level of

radiation protection.

Criterion has been met in the “Overall Subsurface Ventilation System,” Sections 6.1 and
6.3.4.1. The surface emplacement fan installations, operating in an exhaust mode at each
12224 | exhaust shaft, create a negative air pressure on the Exhaust Main level that is a higher
negative air pressure than on the emplacement level, therefore, preventing recirculation from
inside the emplacement drifts out to the main drifts.

Criterion has been met in the “Overall Subsurface Ventilation System,” Sections 6.4 and
6.4.2.1) the design of the drift length for a dead-end heading that would ensure the exposure
1.2.2.2.5 limits for radon are not exceeded; 2) employing dust filtration units during construction and
development phases so that the occupational doses are ALARA (from radon); 3) employing
mobile filtration units to treat emplacement drift exhaust air during off-normal events

Design methods intended to satisfy this criterion are described in the “Overall Subsurface

12226 Ventilation System,” Sections 6.4 and 6.4.2.

1.2.3.1 This criterion will be met when the design is finalized.

1.2.3.2 This criterion will be met when the design is finalized.

1.2.3.3 This criterion will be met when the design is finalized.

1.2.34 This criterion will be met when the design is finalized.

1.2.3.5 This criterion will be met when the design is finalized.

1.2.3.6 This criterion will be met when the design is finalized.

1.2.3.7 This criterion will be met when the design is finalized.

1238 This criterion will be_met whgn the design is finalized and the system components have been

e tested to ensure their operation under temperatures of up to 96°C.
1.2.3.9 This criterion will be met when the design and the waste package stream have been

finalized.

This criterion has been met in the “Overall Subsurface Ventilation System,” Section 6.5. The
ventilation-related monitoring requirements include pressure, humidity, temperature, flow
1.2.41 rate, carbon monoxide, door status, fan status, and louver status for various locations
including main intake, main exhaust drifts, and the working areas. Select monitoring of
radioactive and non-radioactive particulates (e.g., dust, silica) is also required.

1.2.4.2 This criterion will be met when the design is finalized.

1.2.4.3 This criterion will be met when the design is finalized.

Criterion has been met in the “Overall Subsurface Ventilation System,” Sections 6.2.2 and
6.2.4. The Subsurface Facility and Excavation Systems interface with the total repository air
volume, or components of, to ensure the repository is capable of supporting the ventilation
needs. The number of ventilation shafts must be estimated to provide an interface with the
Subsurface Facility and Excavation Systems to ensure that the repository is capable of
supporting the ventilation needs.

Criterion has been met in the “Overall Subsurface Ventilation System,” Section 6.1. The
emplacement drift airflow can be adjusted for drip shield installation, backfill placement, or to
1.2.4.5 react to off-normal events that may occur. This ability to regulate airflow demonstrates the
ventilation system’s capability to interface with the emplacement drift system and satisfy the
temperature requirement for remote access.

Criterion has been met in the “Overall Subsurface Ventilation System,” Sections 6.2.2 and
6.2.4. (See criterion 1.2.4.4)

Criterion has been met in the “Overall Subsurface Ventilation System,” Sections 6.3.4, and
6.3.4.1. Currently emplacement drift backfilling is not part of the design. However, it is not
1.2.47 being excluded from consideration in the future. The ventilation system during emplacement
backfill would be capable of reducing the air movement during and after backfill placement
and removing dust. The contaminated air can be filtered with equipment.

1.2.4.4

1.2.4.6

1.2.4.8 Criterion will be met when the design is finalized. :
Criterion has been met in the “Overall Subsurface Ventilation System,” Section 6.5.
1.2.4.9 Monitoring for radioactive and non-radioactive particulates is required. Figures 9 and 10

describe the ventilation and radiation monitoring flowsheet.

[ 1.2.5.1 Criterion will be met when the design is finalized.




SDD-SVS-SE-000001 REV 01 Page 35 of 72 |
Subsurface Ventilation System Description Document

Table 6. Criteria Summation (continued)

Criterion Adherence to Criteria
1.2.6.1 Criterion will be met when the design is finalized.
1.2.6.2 Criterion will be met when the design is finalized.

The methods to satisfy this criterion are described in the “Overall Subsurface Ventilation
System,” Sections 6.4 and 6.4.2. The subsurface ventilation system must be designed to
control the concentration of radon daughters in the potentially occupied areas of the
repository. This criterion will be met when the design is finalized.

1.2.6.3

$1.2.6.4-1.26.13
(except 1.2.6.8 & | Criteria will be met when the design has been finalized.
1.2.6.10)

This criterion has been met by addressing CPA 013 and CPA 021" Monitored Geologic

1.26.10 Repository Project Description Document.”.
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w9

3. SYSTEM OPERATIONS

This section will be completed in a later revision.
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4. SYSTEM MAINTENANCE

This section will be completed in a later revision.
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APPENDIX A CRITERION BASIS STATEMENT

This section presents the criterion basis statements for criteria in Section 1.2. Descriptions of the
traces to “Monitored Geologic Repository Requirements Document” (MGR RD) and “Revised
Interim Guidance Pending Issuance of New U.S. Nuclear Regulatory Commission (NRC)
Regulations (Revision 01, July 22, 1999), for Yucca Mountain, Nevada” are shown as
applicable. In anticipation of the interim guidance being promulgated as a Code of Federal
Regulations, it will be referred to as “10 CFR 63” in this system description document.

1.2.1.1 Criterion Basis Statement
1. Criterion Need Basis

The MGR RD invokes "Safety and Health Regulations for Construction" (29 CFR 1926).
Section 1926.800.k (2) requires a minimum of 200 cubic feet of fresh air per minute for
each employee underground. For this requirement to be satisfied, the maximum number
of persons expected underground must be established to ensure the system can provide
adequate fresh air for maximum pumber of people expected in the development and
emplacement sides. The analysis below establishes the basis for the number of
personnel. This criterion meets MGR RD 3.1.F.

II. Criterion Performance Parameter Basis
Title: Criteria Basis Statement for the Number of Subsurface Personnel
Purpose

The puipose of this analysis is to determine the maximum number of personnel that will
be underground at any one time. This analysis will limit itself to establishing the number
of personnel for a 50 year period after start of emplacement. There is no clear indication
at the present time as to when the repository will close or if emplacement drift backfill
will be used. These factors will affect the number of underground personnel required and
it is left to a future analysis to determine these values.

Assumptions

1. Three shifts will be worked per day. The first shift will have 50 percent of the total
number of personnel, the second shift will have 35 percent, and the third shift will have
15 percent. This is a general shift breakdown allowance similar to operating facilities
that base their work day on having the major portion of the maintenance done on day
shift, a moderate amount on evening shift, and only breakdown maintenance on
graveyard shift. This schedule also allows for the major portion of miscellaneous, small
construction projects to be carried out on day shift. This type of shift breakdown
provides a conservative approach that is generally followed in underground development
projects including the Exploratory Studies Facility.

2. The maximum number of visitors will not exceed 50 at any one time. This is a policy
call by the operations manager. The actual number should be less than or equal to 50.
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- The poli(;y at the Exploratory Studies Facility currently limits the number of subsurface
visitors to 50.

3. The "Engineering File-Subsurface Repository,” Section 6, page 35, assumes the
information available for staffing; it makes conservative estimates for the current
repository scope of work. As used in the criterion, data from this source does not affect
the system's critical characteristics and will not be directly relied upon to address safety
or waste isolation issues. The file does not provide a split between underground and
surface workers. This split is set at 85 percent underground and 15 percent surface from
"Mining Engineering Analysis" (p.15).

Criteria Analysis

The number of subsurface personnel is based upon estimated information (Assumption
3). This estimate developed quantities for major development and emplacement activities
and estimated management and craft manpower to complete these activities. These
figures reveal that the maximum number of workers for the development and
emplacement areas do not occur at the same time. The maximum (or peak) number of
personnel is shown below for development, emplacement, and monitoring phases. The
peak number of personnel are 712 (2004-2009) and 466 (2010-2031) for the development
areas and 90 (2010-2033) and 82 (2034-2059) for the emplacement areas.

The maximum number of people underground for the development side (712) will occur
during the first construction period, from 2004 to 2009. The first shift will have 60
percent of the total for management and craft (Assumption 1), or 356. Eighty-five
percent of this figure will be underground (Assumption 3), or 356 x 85 percent = 303.
When the total number of visitors is taken into account (Assumption 2), the total is: 303 +
50 = 353 personnel underground.

The maximum number of people underground for the emplacement side will occur duting
the period 2010 to 2033, and is 90 personnel. The first shift will have 50 percent of the
total (Assumption 1), or 45 personnel. Eighty-five percent of this figure will be
underground (Assumption 3), or 45 x 85 percent = 39. When the total number of visitors
is taken into account (Assumption 2), the total is: 39 + 50 = 89 personnel underground.

In "MGDS Consulting Board Report No. 6," p. 35, the Consulting Board recommended

that shift change occur at the face for workers involved with the Tunnel Boring Machine
operations. This would raise the number of personnel underground for the development

side of the repository. However, it is unlikely that all personnel, including staff and

visitors, will be underground at the same time during the shift change. For example,

many office/management personnel would not be underground at shift change.

Therefore, the numbers developed above are conservative.
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Conclusion

The maximum number of personnel on the development side should be 353 and on the
emplacement side should be 89. The number of subsurface personnel is TBV.

1.2.1.2 Criterion Basis Statement
I Criterion Need Basis

Controlling airflow to emplacement drifts provides needed flexibility for repository
operation and testing. For example, the subsurface testing programs will include thermal
interaction effects of the waste packages, backfill, rock, and groundwater shall be
conducted. This criterion is also necessary to ensure blast cooling of an individual drift.
Blasting cooling would be necessary if the air temperature in an emplacement drift had to
be reduced temporarily. - Remote equipment access and waste package retrieval are
examples where blast cooling would be necessary.

IL Criterion Performance Parameter Basis
N/A

1.2.1.3  Criterion Basis Statement

L Criterion Need Basis

The purpose of this criterion is to establish the maximum ambient dry bulb temperature
for areas requiring human access. This criterion also provides the maximum heat
exposure for normal eight-hour work areas. The criterion does not establish heat
exposure limits for the operating facility, but is provided to ensure the subsurface
ventilation design supports established heat exposure limits for unprotected workers in
subsurface work areas.

II. Criterion Performance Parameter Basis

"Worker Protection Management for DOE Federal and Contractor Employees," section
4.1.1, invokes "Threshold Limit Values and Chemical Substances and Physical Agents
and Biological Exposures Indices." "Threshold Limit Values and Chemical Substances
and Physical Agents Biological Exposures Indices, " Table 1, states that the threshold
limit for continuous heavy work conditions is 25 degrees C wet-bulb-globe temperature
(WBGT). WBGT is a heat stress assessment of actual work locations. This criterion is
provided to ensure that the design of Subsurface Ventilation System controls air
parameters necessary to help meet "Threshold Limit Values and Chemical Substances
and Physical Agents and Biological Exposures Indices” threshold temperature limits for
actual work locations.

WBGT is an empirical heat-stress index and not something that can be calculated for all
subsurface areas. The radiant heat is assessed using a globe thermometer in actual work
conditions. Radiant heat (except for rock mass close to the loaded emplacement drifts
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where frequent human excess is not expected) is not a significant heat source in the
subsurface facility. Areas where radiant heat may be significant (e.g., turnouts) are not
considered normal eight-hour shift work locations and thus, are not subject to the heat
exposure limit per this criterion.

Since radiant heat is not significant, effective temperature heat index will be comparable
to WBGT. Effective temperature heat index can be used in design calculations, because
effective temperature can be determined from the three determining psychrometric
parameters (dry-bulb, wet-bulb, air velocity). ~This makes it possible to verify this
criterion via design analyses while ensuring compliance with the American Conference
of Government Industrial Hygienists' heat stress limits. "Threshold Limit Values and
Chemical Substances and Physical Agents and Biological Exposures Indices” section
11.4.3, indicates a good standard is to maintain effective temperature between 21 and
26.5 degrees C. Thus, a 25 degrees C effective temperature is chosen.

An increase of dry-bulb temperature higher than 48.9 degrees C will exceed the heat
stress index of 25 degrees C effective temperature regardless of air velocity effects. By
this correlation and for ventilation design purposes, an arbitrary maximum dry bulb
temperature of 48 degrees C is established as the safe maximum allowable temperature
for subsurface employees that will be the basis for design criteria.

The maximum dry bulb temperature is an unqualified value and is labeled TBV. The
maximum effective temperature and the maximum dry-bulb temperature represent the
design capability of the system and not actual temperature limits allowed without human
access.

1.2.1.4 Criterion Basis Statement
L Criterion Need Basis

MGR RD 3.3.A requires all Monitored Geologic Repository (MGR) structures, systems,
and components (SSCs) be designed for availability, maintainability, and habitability
standards. The system is required to be capable of controlling the subsurface air
temperature limits for remote access operations based on system functional requirement
to control air temperature. This criterion states that the system shall be capable of limiting
the maximum temperatures for the Emplacement Drifts, Access Mains/Ramps/Alcoves,
Performance Confirmation Drifts, Exhaust Main, and Turnouts. This temperature is for
equipment (e.g., waste emplacement gantry) used during remote operations. The system
controls the maximum air temperatures in these areas only for remote access conditions.
During normal operating conditions (e.g., caretaker mode) the maximum temperatures
are determined primarily by thermal loading conditions.

The following analysis establishes 50 degrees C for the dry bulb temperature. This
temperature limit applies to the temperature control capability of the system and not the
maximum allowed temperature in these areas during other operating modes. The system
does not control the minimum air temperature for remote equipment operations. The
outside air will be warmed by the rock formation as it travels through the facility. In
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addition, the SSCs important to safety will be qualified to the outside air temperature
range per the system description document (SDD) criterion for natural environments.

II. Criterion Performance Parameter Basis

Title: Criterion Performance Parameter Basis for Maximum Ambient Temperature in
Remote Access Areas

Purpose

The purpose of this analysis is to establish the maximum dry bulb temperature as a
threshold limit for repository environment that will allow commercial grade equipment to
operate in remote repository access areas. This will include drift temperature for remote
control operation of equipment during loading and unloading of waste packages in each
emplacement drift.

Assumptions

Remote operated vehicles and equipment are using commercially available on-board
electronics and actuators. It is good engineering practice to use commercial grade
electronic units to take advantage of common technology and cost effective components.

Criteria Analysis

Design strategies and existing technologies are available to use remote operated vehicles
within extreme thermal environments expected inside emplacement drifts. A key area of
concern, however, is the use of on-board electronics and actuators that are sensitive to
extreme temperatures. It is common for commercial grade electronics and components to
have design operating temperatures in the range of 50 to 85 degrees C ("The Electrical
Engineering Handbook"). Electronic components designed for temperature environments
over 85 degrees C are available. This specialized equipment will be costly to operate in
the repository and is not recommended.

Except for special high temperature equipment used to acquire performance confirmation
data in the emplacement drifts, the elevated temperature limit for remote controlled
access areas will be. conservative in that the lower limit in the "The Electrical
Engineering Handbook" is used for repository operations. The temperature limit should
allow use of a wide range of commercially available cost effective electronics and
components.  The repository design should be able to maintain a maximum
recommended dry-bulb temperature of 50 degrees C for remote access areas.

Conclusion

The maximum ambient dry-bulb temperature for repository equipment and electronic
components operated remotely is 50 degrees C. The subsurface ventilation shall have the
capability to provide ambient air below this maximum limit to allow commercial grade
equipment to operate in repository remote access areas. '
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1.2.1.5 Criterion Basis Statement
1 Criterion Need Basis

Conductive and radiant heat transfer from the waste packages to the surrounding rock
will cause a large-scale increase in the wall rock temperatures. This criterion is included
because of the potential impacts that temperature change may have on other SSCs in the
emplacement drifts. Inclusion of this criterion helps to protect SSCs and minimizes the
need for maintenance in the emplacement drifts over the preclosure life. If access to an
emplacement drift is needed for waste retrieval or other operations, blast cooling of the
emplacement drift is needed to bring the temperature down to allow remote operations.

This criterion supports MGR RD 3.3.A.
IL Criterion Performance Parameter Basis

The "Evaluation of Ground Support Heating and Cooling Cycles" evaluates and bounds
the effects of a rapid air temperature change on ground support. It did consider the
maximum expected airflow rate for emplacement drifts. It does not use the most
conservative outside temperature. The computed stresses are within design limits based
on these constraints. The analysis does not establish the maximum air temperature
change that would be acceptable to Ground Control System. Therefore, the maximum
rate of temperature change for the emplacement drifts is TBD.

1.2.1.6 Criterion Basis Statement
I Criterion Need Basis

Maintaining separate ventilation for the emplacement and development areas is provided
as a design criterion because it offers operational and engineering advantages. This
criterion ensures separation of SSCs that support construction activities from those that
support repository operations that are under NRC regulations and radiation protection
programs. The development area will generate dusty air due to excavation activities. It
is desirable to isolate dusty air from the emplacement area and potentially radioactive air
from the development areas. Otherwise, the development areas, all the way to the muck
piles, would be subject to potential contamination from radioactive dust.

The primary ventilation need for the development area (air quality) and repository
operation area (heat removal) are different. Ventilation for the development area will
have to accommodate the changing and moving of work areas as excavation progresses. |
Therefore, development operations should be independent of repository operations and
vice versa. This criterion ensures that planned or unplanned ventilation shutdowns in one
area will not affect ventilation in the other area.

I1. Criterion Performance Parameter Basis

N/A




SDD-SVS-SE-000001 REV 01 Page 44 of 72 |
Subsurface Ventilation System Description Document

1.2.1.7 Criterion Basis Statement
L Criterion Need Basis

This criterion establishes the minimum pressure differential across the isolation barrier(s)
for the development and emplacement areas. The ventilation for the development and the
emplacement sides must be separate. The leakage will be from the development side to
the emplacement side. The analysis below establishes the minimum pressure differential.

IL Criterion Performance Parameter Basis
Title: Air Pressure Differential Across Isolation Barriers
Purpose

The purpose of this analysis is to develop a basis for the air pressure differential across
the isolation barriers.

Assumption
1. The barrier will be constructed to withstand a wide range of differential pressures.

Rationale: Pressure fluctuations will occur between the development and the
emplacement sides. This criterion establishes the nominal pressure differential.

2. Backup power will be provided to the emplacement exhaust fans to maintain control
of the airflow during a power outage. This level of flow may be below full operational
levels.

Rationale: The pressure differential is maintained by the airflow in the development and
emplacement sides.

Criteria Analysis

U.S. Department of Energy (DOE) nuclear facilities are required to maintain a negative
ventilation pressure in the innermost area of nuclear materials handling and storage
facilities ("Nuclear Air Cleaning Handbook, Design, Construction, and Testing of High-
Efficiency Air Cleaning Systems for Nuclear Application"). The " Nuclear Air Cleaning
Handbook, Design, Construction, and Testing of High-Efficiency Air Cleaning Systems
for Nuclear Application" designates four isolation zones, beginning with the outside
environment and becoming progressively more negative from each interzone to the next.
"Nuclear Air Cleaning Handbook, Design, Construction, and Testing of High-Efficiency
Air Cleaning Systems for Nuclear Application" requires a minimum of 62.5 Pa (.25 in

wg).

The minimum pressure differential can be reasonably set at 125 Pa (0.50 in wg) in
conformance with Section 6.5.1 of "Design Criteria for an Independent Spent Fuel
Storage Installation (Dry Type)." An allowance for the pressure fluctuations developed
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by moving traffic should be added to this by the designers (Assumption 1). Engineering
judgement and "Nuclear Air Cleaning Handbook, Design, Construction, and Testing of
High-Efficiency Air Cleaning Systems for Nuclear Application” indicates that a

~ minimum pressure allowance of 62.5 Pa (0.25 in wg) is reasonable and will not impact
the design excessively." '

There are no pressure regulators planned for either the North or South Portal entry areas.
Therefore, the magnitude of the pressute differential is the result of pressure drops
resulting from friction losses between the isolation door area and the outside air pressure
at the portals. If there is no airflow in those areas, there will be no pressure differential
across the isolation barrier. This scenario is not a probable consideration since backup
power will be available to operate the fans during an outage of the main power system
(Assumption 2). Natural ventilation pressure due to the heating of the air in the
emplacement side exhaust shaft will assist the airflow during power outages.

Conclusion

The overall effect of the negative pressure is that leakage will progress from the
development side of the repository to the emplacement side. In the case of a possible
nuclear release, the contaminants will stay on the emplacement side and not migrate to
the development side. A negative pressure differential of 62.5 Pa (0.25 in wg) should be
provided to ensure that leakage will move from the development side to the emplacement
side.

1.2.1.8 Criterion Basis Statement
I Criterion Need Basis

A functional requirement for this system is to limit the maximum air temperature in the
emplacement drift. This criterion is provided based on management’s direction to utilize
ventilation to limit the maximum temperature in the surrounding rock mass.

1L Criterion Performance Parameter Basis

The maximum air temperature allowed in the emplacement drifts is 96 degrees C as
provided in Section 5.1.5 of the “Monitored Geologic Repository Project Description
Document.”

1.2.1.9 Criterion Basis Statement
1. Criterion Need Basis

Per Civilian Radioactive Waste Management System Management and Operating
Contractor direction, provided in Section 5.1.3.1 of "Monitored Geologic Repository
Project Description Document," the Subsurface Ventilation System shall be designed to
remove 70 percent of the heat generated by the waste packages. This criterion is provided
to maintain the temperature in a majority of the pillar space between the emplacement
drifts below the boiling temperature of water.
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II.

Criterion Performance Parameter Basis

The removal of 70 percent of the heat generated by the waste packages preclosure are
provided in Section 5.1.3.1 of "Monitored Geologic Repository Project Description
Document.” The preclosure is determined to be 54 years. There is 24 years (MGR RD
3.2.B) for emplacement and 30 years of ventilation (“Change to Requirement 5.1.1.1 in
Monitored Geologic Repository Project Description Document, Rev 01, DCN 017). The
criterion uses “from the initiation of waste package emplacement” to account for the
construction of the initial emplacement drifts. -

1.2.1.10 Criterion Basis Statement .

L

IL

Criterion Need Basis

This criterion is needed to support MGR RD 3.3.A, which requires compliance with
applicable industry codes and standards. The criterion establishes the outside design
requirements for the heating and cooling load calculations. Use of applicable and
accurate environmental data (and other parameters) is essential in calculation of heating

- and cooling loads. The data provided in Table 2 of this document is not intended to be

all-inclusive (the design organization may obtain additional data from qualified sources
as required). However, deviations from the specific parameters that are provided in
Table 2 must be documented.

Criterion Performance Parameter Basis

The outside design conditions are obtained from Tables 1A and 1B of the ASHRAE
"Fundamentals" handbook Chapter 26. Selection of Mercury, Nevada as the
representative site is appropriate because it is close to and representative of the conditions
in the North Portal area.

1.2.1.11 Criterion Basis Statement

I.

‘The Conclusion section of the "Retrievability Strategy Report" provides 6 years for

Criterion Need Basis

MGR RD 3.2.H requires that the repository be kept open for at least 100 years from the
initiation of waste emplacement. To allow for construction and backfilling and a retrieval
period per 10 CFR 63.111(e)(2) and 10 CFR 63 111(e)(3) an additional operational time
beyond the 100 years is required.

Criterion Performance Parameter Basis

repository construction before waste emplacement starts. The MGR RD 3.2.H requires
that the repository be kept open for at least 100 years from the initiation of waste
emplacement. The "Retrievability Strategy Report” provides 10 years for retrieval
planning, 24 years for waste retrieval, and 10 years for repository closure. The
“Retrievability Strategy Report" provides corroborative input that additional time is
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required beyond the 100 years. An operational life, therefore, of 175 years is used and is
expected to bound the operational period of the repository.

1.2.1.12 Criterion Basis Statement

I

Criterion Need Basis

This criterion establishes the additional length of time the system may be asked to operate

to allow future generations to continue monitoring the repository. This criterion supports

MGR RD 3.2.H.
Criterion Performance Parameter Basis

The 300 years is provided in MGR RD 3.2.H

1.2.2.2.1 Criterion Basis Statement

L

Criterion Need Basis

MGR RD 3.3.A requires MGR SSCs be designed and fabricated in accordance with
engineering principles and practices with particular attention to those that incorporate

~ system safety. This criterion is provided to ensure that the subsurface ventilation main

intake airways are located to minimize the potential for subsurface air containing exhaust
airflow from a surface facility. This will minimize subsurface intake air containing
noxious, toxic, or corrosive gases and vapors.

Criterion Performance Parameter Basis

The 100 m-is provided in "Accident Analysis for a Nonmechanistic Waste Package
Failure (Subsurface)" in Section 7.9. This value is TBV.

1.2.2.2.2 Criterion Basis Statement

L

Criterion Need Basis

This criterion is based on MGR RD 3.1.E which states that the MGR shall comply with
the applicable provisions of "Occupational Safety and Health Standards" (29 CFR
1910.1000). Table Z-1 of this standard provides indoor air quality limits. As mandated
by "Worker Protection Management for U.S. Department of Energy (DOE) Federal and
Contractor Employees," Section 4.1.1 (DOE Order 440.1A), per "Occupational Exposure
Assessment” (Implementation Guide DOE G 440.1-3), the "Values for Chemical
Substances and Physical Agents and Biological Exposure Indices" will be used when the
limits are more protective than the Occupational Safety and Health Administration
permissible exposure limits.

MGR RD 3.1.G requires compliance with the applicable laws, codes, CFRs, NUREGs,
DOE Orders, and other directives.
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IL. Criterion Performance Parameter Basis
N/A |

1.2.2.2.3 Criterion Basis Statement

L. Criterion Need Basis

10 CFR 63.112(e)(5) requires this system to control access to high radiation areas. This
criterion also met “Standards for Protection Against Radiation (10 CFR 20.1602) which |
requires control of access to high radiation areas. The emplacement drift entrances are
considered ventilation dampers and are part of this system. The emplacement entrances
will also control access to the emplacement drifts.

This criterion meets MGR RD 3.1.B and 3.1.C.
IL Criterion Performance Parameter Basis

N/A
1.2.2.2.4 Criterion Basis Statement
L Criterion Need Basis

MGR RD 3:3.A requires MGR SSCs be designed and fabricated in accordance with
engineering principles and practices. ‘The air in the emplacement drifts during the
caretaker mode will be at high temperatures and, therefore, must be prevented from back-
flowing into the turnouts and access mains that may be occupied by people. This
criterion is provided for personnel safety reasons.

I Criterion Performance Parameter Basis
N/A

1.2.2.2.5 Criterion Basis Statement

L Criterion Need Basis

This criterion implements the requirements from MGR RD 3.1.B, (compliance with
"Standards for Protection Against Radiation” (10 CFR 20)), and 10 CFR 63.111(a)(1).
The primary requirement for ALARA is contained in “Standards for Protection Against l
Radiation” (10 CFR 20.1101(b)), which states: "The licensee shall use, to the extent
practicable, procedures and engineering controls based upon sound radiation protection
principles to achieve occupational doses and doses to the members of the public that are
as low as is reasonably achievable (ALARA)." The referenced sections of 10 CFR 63
reference the radiation protection limits of 10 CFR 20 and ALARA design features.

MGR RD 3.1.G requires compliance with the applicable laws, codes, CFRs, NUREGs,
DOE Orders, and other directives.
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Compliance with "Information Relevant to Ensuring that Occupational Radiation
Exposures at Nuclear Power Stations Will Be As Low As Is Reasonably Achievable”
(Regulatory Guide 8.8), is invoked because this regulatory guide is one of the primary
regulatory documents that addresses ALARA and is acceptable to the U.S. Nuclear
Regulatory Commission. This regulatory guide provides guidelines on achieving the
occupational ALARA goals during the planning, design, and operations phases of a
nuclear facility. According to Section B of this guide: "Effective design of facilities and
selection of equipment for systems that contain, collect, store, process, or transport
radioactive material in any form will contribute to the effort to maintain radiation doses
to station personnel ALARA." Section C.2 addresses facility and equipment design
features. The design process of each system must include an evaluation of the applicable
requirements in Section C.2 of Regulatory Guide 8.8.

In addition to following the guidelines in Regulatory Guide 8.8, the design of the system
must meet the project ALARA program goals. The project ALARA program will include
both qualitative and quantitative goals. Regarding the ALARA program of a licensee,
Section C.1.a.(2) of Regulatory Guide 8.8 states: "The policy and commitment should be
reflected in written administrative procedures and instructions for operations involving
potential exposures of personnel to radiation and should be reflected in station design
features. Instructions to designers, constructors, vendors, and station personnel
specifying or reviewing station features, systems, or equipment should reflect the goals
and objectives to maintain occupational radiation exposures ALARA."

II. Criterion Performance Parameter Basis

The project ALARA program goals are TBD.
1.2.2.2.6 Criterion Basis Statement
L | Criterion Need Basis

MGR RD 3.3.A requires MGR SSCs be designed and fabricated in accordance with
engineering principles and practices with particular attention to system safety. Protection
of workers in the repository from excessive exposure to radon daughter products is
adopted based on the provisions of "Safety And Health Standards--Underground Metal
And Nonmetal Mines" (30 CFR 57). Radon exposures are governed by "Occupational
Safety and Health Standards” (29 CFR 1910).

This criterion meets MGR RD 3.1.E.
1I. Criterion Performance Parameter Basis

The radon exposure limits are cited in 29 CFR 1910.1096.
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1.2.3.1 Criterion Basis Statement
I Criterion Need Basis

This criterion is needed to support MGR RD 3.3.A, which requires compliance with
applicable codes and standards. Wind is one of the primary external environmental
parameters that can affect buildings and structures located outside. Proper consideration
of wind is required to ensure that buildings and structures can withstand the wind forces,
and that system components are adequately protected from the wind.

According to Section 6.5.2 of the standard for “Minimum Design Loads for Buildings
and Other Structures” (ANSVASCE 7-95), the basic wind speed is to be used in the
determination of the design wind loads for all buildings and structures. A similar
discussion is provided in Sections 1615, 1616, and 1618 of the “1997 Uniform Building
Code” (Volume 2, “Structural Engineering Design Provisions”).

I Criterion Performance Parameter Basis

The maximum wind speed is obtained from "MGR Design Basis Extreme Wind/Tornado
- Analysis" (Section .

1.2.3.2 Criterion Basis Statement

I Criterion Need Basis

MGR RD 33.A requires MGR SSCs be designed and fabricated in accordance with
engineering principles and practices. Snowfall is a design parameter needed for exposed
structures to account for external loadings.

II. Criterion Performance Parameter Basis

The snowfall environment for the Yucca Mountain site was determined from the
following information. The nine meteorological monitoring sites operated by the
Radiological and Environmental Field Programs Department, as defined in
"Meteorological Monitoring Program 1996 Summary Report,"” pp. 1-1 to 1-5, do not
monitor snowfall because it is an infrequent occurrence. "Engineering Design
Climatology and Regional Meteorological Conditions Report” includes snowfall
information for some other sites in the general area that were examined to bound the
snowfall environment that could occur at the Yucca Mountain site. As used in the
criterion, data from this source does not affect the system's critical characteristics and
will not be directly relied upon to address safety or waste isolation issues. The closest of
these sites is Desert Rock Airport south of Mercury, about 45 km east-southeast of Yucca
Mountain. Snowfall data were also included for Tonopah, which is about 150 km north-
northwest of the repository and at a higher elevation. Tables A-12 and A-14 of
"Engineering Design Climatology and Regional Meteorological Conditions Report"
provide climatological summaries for those locations that include daily maximum,
monthly maximum, and annual totals for snowfall. The snowfall data for Tonopah is
considered to provide a conservative estimate of snowfall at the repository site for the
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following reasons: The elevation at Site 1 (which is closest to the proposed repository
surface facilities) is 1,143 m (from the "Engineering Design Climatology and Regional
Meteorological Conditions Report,” Table A-17), Desert Rock is 1006.1 m, and Tonopah |
is 1655.1 m (from Table 2.2 of "Regional and Local Wind Patterns Near Yucca
Mountain"). Average yearly total precipitation for Site 1, Desert Rock, and Tonopah are
4.97, 5.5, and 5.53 in., respectively (from the "Engineering Design Climatology and
Regional Meteorological Conditions Report,” Tables A-1, A-12 and A-14). Annual
average snowfall depths are 2.86 in. at Desert Rock and 13.53 in. at Tonopah. Tonopah
is further north, receives slightly more total precipitation, and is at a higher altitude;
therefore, use of snow data from Tonopah is considered to be the conservative bounding
area for Yucca Mountain. The maximum daily snowfall for Tonopah is 10 in. (rounded
up from 9.7 in.) and occurs in the month of February (from Table A-14).

The monthly snowfall is used to establish and bound the maximum snowfall
accumulation. This is based on the conservative nature of the maximum monthly
snowfall and the consideration that all of the monthly snowfall occurs in a short period of
time with no reduction for melting. The maximum monthly snowfall for Tonopah is 17
in. and occurs in the month of December (from Table A-14).

The snowfall data for Tonopah were not collected under an Office of Civilian

Radioactive Waste Management approved quality assurance program. The data were
collected by the National Weather Service at its Tonopah station and are accepted by the
scientific community as an accurate measurement of the actual snowfall at the station.
The data are suitable for use in the analysis, as discussed above, to provide conservative
estimates of the possible maximum snowfall at the Yucca Mountain site for use in design
criteria.

1.2.3.3 Criterion Basis Statement

L

II.

Criterion Need Basis

Temperature is considered to be one of the primary environmental parameters that can
affect component performance or result in advanced degradation. To ensure proper
performance, many manufacturers specify the temperature environment in which the
component must operate. This criterion establishes the outdoor temperature environment
in which SSCs are expected to operate.

This criterion supports MGR RD 3.3.A.
Criterion Performance Parameter Basis

The extreme outside temperature range of 5 degrees F to 117 degrees F is based on the
annual extreme minimum and maximum temperatures for the nine meteorological
monitoring sites located in the Yucca Mountain area. Locations of the nine sites are
shown in Figure 2-1 of the "Engineering Design Climatology and Regional
Meteorological Conditions Report.” Extreme temperatures (and other data) are in Tables
A-1 through A-9 of the report.
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1.2.3.4 Criterion Basis Statement

L

IL

Criterion Need Basis

MGR RD 3.3.A requires MGR SSCs be designed and fabricated in accordance with
engineering principles and practices. The humidity is a primary environmental parameter
that can affect component performance and anticipated life expectancy. This criterion
establishes the external humidity environment to be used for design.

Criterion Performance Parameter Basis

The humidity values are taken from the "Engineering Design Climatology and Regional
Meteorological Conditions Report,” Table A-1, Site 1 (NTS-60). Using Site 1 data is
appropriate because the site is the closest and most representative of the North Portal,
South Portal, and ventilation shafts. The annual mean humidity for Site 1 is 28 percent,
which is the average of the yearly averages for each of the time periods (Hour 0400,
1000, 1600, 2200) (from Table A-1). The minimum summer mean humidity for Site 1 is
13 percent, which occurred in the month of June at hour 1600 (from Table A-1). The |
maximum winter mean humidity for Site 1 is 46 percent (rounded up from 45.9) which
occurred in the month of December at hour 0400 (from Table A-1).

1.2.3.5 Criterion Basis Statement

L

IL

Criterion Need Basis

MGR RD 3.3.A requires MGR SSCs be designed and fabricated in accordance with
engineering principles and practices. Airborne particulates are required to be considered
to ensure airborne particulate matter (10 pm or less) limitations are met for subsurface
personnel. This criterion is needed to establish the design basis dust levels for surface
intake air. This criterion will primarily be used by Design Organization to determine if
filtration is necessary and, if so, what type. The annual average dust levels are used in
this criterion as they are more representative of site dust levels for the surface. The 24-
hour peak levels provided in "Meteorological Monitoring Program Particulate Matter
Ambient Air Quality Monitoring Report January through December 1996," Table 9, are
not used because their occurrence is relatively infrequent, as indicated in Figure 4 and
Figure 5 of the same report. "Protection of Enviroment: National Primary and Secondary
Ambient Air Quality Standards,” Section 50.6, requires measurement of 10 pm or less of
inhalable particulate matter. ‘

Criterion Performance Parameter Basis

The air parficulate data is provided from "Meteorological Monitoring Program Particulate
Matter Ambient Air Quality Monitoring Report January through December 1996," Table
9. The values are the average values provided for years 1989 to 1995. The sampling

techniques followed project conventional quality assurance requirements (see Section 1.3

“Meteorological Monitoring Program Particulate Matter Ambient Air Quality Monitoring
Report January through December 1996"). The highest annual average particulate matter
concentration (10 pm or-less) is 12 pg/m3 for the years recorded in " Meteorological
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Monitoring Program Particulate Matter Ambient Air Quality Monitoring Report,” Table
9.

1.2.3.6 Criterion Basis Statement
I Criterion Need Basis

MGR RD 3.3.A requires MGR SSCs be designed and fabricated in accordance with
engineering principles and practices. This criterion is needed to establish the design basis
dust levels for surface intake air. The total suspended particulate matter (50 pm or less,
Table 9 of " Meteorological Monitoring Program Particulate Matter Ambient Air Quality
Monitoring Report January through December 1996") is provided to help Design in
establishing filtration needs for intake air.

1I. Criterion Performance Parameter Basis

The air particulate data is provided from "Meteorological Monitoring Program Particulate
Matter Ambient Air Quality Monitoring Report January through December 1996," Table
9. The values are the average values provided for years 1989 to 1995. The sampling
techniques followed project conventional quality assurance requirements (see Section 1.3
of "Meteorological Monitoring Program Particulate Matter Ambient Air Quality
Monitoring Report January through December 1996"). The highest annual average total
suspended particulate matter concentration (50 pm or less) is 30 pg/m3 for the years
recorded in "Meteorological Monitoring Program Particulate Matter Ambient Air Quality
Monitoring Report January through December 1996," Table 9. ‘

1.2.3.7 Criterion Basis Statement
L Criterion Need Basis

MGR RD 3.3.A requires MGR SSCs be designed and fabricated in accordance with
engineering principles and practices. The in situ rock temperature influences the heat
conduction to the surrounding rock and, thus, the subsurface air temperature.

II. Criterion Performance Parameter Basis
The in situ rock temperature is TBD.
1.2.3.8 Criterion Basis Statement

1. Criterion Need Basis

MGR RD 3.3.A requires MGR SSCs be designed and fabricated in accordance with
engineering principles and practices. The maximum air temperature in the emplacement
drifts is needed to define the temperature conditions for this system design.
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1. Criterion Performance Parameter Basis

The maximum air temperature in the emplacement drifts is based on the maximum rock
temperature from MGR RD 3.2.M.

1.2.3.9 Criterion Basis Statement
L Criterion Need Basis

This criterion is needed for the design of this system. This system has to remove a
minimum percentage of the heat generated by the waste packages that are emplaced in
the emplacement drifts during the preclosure period. This criterion establishes the
maximum linear heat load in the emplacement drifts.

This criterion supports MGR RD 3.2.M.
IL Criterion Performance Parameter Basis

The line loading parameters are taken from the "Monitored Geologic Repository Project
Description Document,” Section 5.2.10.

1.2.4.1 Criterion Basis Statement
L Criterion Need Bésis

MGR RD 3.3.A requires MGR SSCs be designed and fabricated in accordance with
engineering principles and practices. This criterion ensures the system interfaces with the
Monitored Geologic Repository Operations Monitoring and Control System. Other |
parameters could be added if additional airborne hazards are identified in future analyses.
The type of monitoring is dependent on the design basis environmental conditions to be
developed after this revision and will be provided by the final design.

Airflow Rate (or Velocity)

Minimum airflow rates and velocities in all working areas are required by "Safety and
Health Regulations for Construction” (29 CFR 1926.800 (k)(2) and (3)). Monitoring the
airflow rates or velocities is needed to ensure the compliance with applicable airflow |
requirements. Monitoring of the airflow rates at dust filters will provide data useful for
the maintenance of dust filtration system and enhancement of air quality.

Air Pressure Differential

The development and emplacement operations will be physically separated from each
other by use of isolation air locks. The development side will be designed to operate at a
ventilation pressure higher than that of emplacement side. The air pressure differential at
the air locks and fans must be monitored to ensure airflow is from the area of the lowest
potential for radioactivity to the area of highest.
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R

Air Temperature

Monitoring of air temperatures in the subsurface working areas is needed because it is a
part of the control processes of the ventilation air quality. Monitoring of air temperatures
in the exhaust airways (including ventilation ducts) can provide data that can be used to
anticipate the thermal conditions in the emplacement drifts and the amount of convective
heat transferred into the ventilation airflow. :

Relative Humidity

Monitoring of the humidity of the ventilation airflow in the subsurface working areas is
needed because it is a part of the control processes of the ventilation air quality.
Monitoring of air humidity in the exhaust airways (including ventilation ducts) can
provide data that can be used to anticipate the humidities in the emplacement drifts and
the amount of water moisture transferred into the ventilation airflow.

Airborne Particulate

To keep the exposure of employees to airborne contaminants within the Threshold Limit
Values (cited by "Protection of Enviroment: National Primary and Secondary Ambient
Air Quality Standards" (40 CFR 50.6)), concentration of airborne particulate needs to be
monitored. -

Concentration of Carbon Monoxide (CO)

Monitoring of CO concentration is needed for monitoring air quality as indicated in
"Protection of Enviroment: National Primary and Secondary Ambient Air Quality
Standards" (40 CFR 50.8) for surface facilities. This safety measure is applied to the
subsurface as a conservative feature for added fire protection and air quality. It also
assists the efforts to achieve compliance with the requirements on airborne contaminant
exposure. :

One system function is to provide a means of monitoring the operational status of critical
equipment. This criterion identifies the equipment that is crucial to the system’s
operations. The position of the air dampers indicates airflow conditions. The fan’s RPM,
voltage, current, and on-off readings are necessary to assess operating conditions. The
position of the emplacement doors and the airlocks provide immediate indication of
potentially unsafe work conditions. This criterion may not apply to all dampers and fans.
Once the design is complete, this criterion will be revised to identify the specific
equipment (i.e., equipment number) that will be monitored.
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This criterion meets MGR RD 3.1.F and 3.1.G.
I Criterion Performance Parameter Basis

N/A
1.2.4.2 Criterion Basis Statement
I Criterion Need Basis

MGR RD 3.3.A requires MGR SSCs be designed and fabricated in accordance with
engineering principles and practices. This criterion ensures the system provides the
capability to interface with the Subsurface Fire Protection System. The specific criteria |
for this requirement have not been determined, but the Subsurface Fire Hazard analysis,
once performed, will be used to identify the necessary criteria for fire protection.

II. Criterion Performance Parameter Basis
N/A

1.2.4.3 Criterion Basis Statement

I Criterion Need Basis

This criterion is provided to ensure that this system interfaces with the Subsurface
Electrical Distribution System for power demands that are needed for ventilation
operations. This criterion is provided as a functional criterion because the specific
mechanical/electrical interfaces are design solution dependent.

I Criterion Performance Parameter Basis
N/A

1.2.4.4 Criterion Basis Statement

L Criterion Need Basis

MGR RD 3.3.A requires MGR SSCs be designed and fabricated in accordance with
engineering principles and practices. The Subsurface Facility System provides the
subsurface layout, arrangement, and opening sizes. This interface is required to ensure
the layout supports Subsurface Ventilation operations.

II. Criterion Performance Parameter Basis

N/A
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1.2.45 Criterion Basis Statement
I. . Criterion Need Basis

The purpose of this interface is to ensure the performance goals of the Emplacement Drift
System are considered during Subsurface Ventilation design. The temperature
constraints for the repository have to be considered as part of the design of this system.

This interface is necessary to meet MGR 3.2.M.
IL Criterion Performance Parameter Basis

N/A
1.2.4.6 Criterion Basis Statement

I Criterion Need Basis

This criterion is needed to ensure the interfaces between this system and the Subsurface
Excavation System are addressed during the design. The purpose of this interface is to
ensure appropriate ventilation is provided to support excavation operations. This
criterion supports MGR RD 3.3.A.

IL Criterion Performance Parameter Basis
N/A

1.2.4.7 Criterion Basis Statement

L Criterion Need Basis

This criterion is needed to ensure the interfaces between this system and the Backfill
Emplacement System are addressed during the design. The purpose of this interface is to
ensure appropriate ventilation is provided to support backfill operations. This criterion
supports MGR RD 3.3.A.

IL. Criterion Performance Parameter Basis
N/A

1.2.4.8 Criterion Basis Statement

I Criterion Need Basis

This criterion is needed to ensure the interfaces between this system and the Safeguards
and Security System are addressed during the design. The purpose of this interface is to
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ensure appropriate controls and alarms for access to the high radiation areas in the
emplacement drifts. This criterion supports MGR RD 3.3.A.

IL. Criterion Performance Parameter Basis
N/A

1.2.4.9 Criterion Basis Statement

L Criterion Need Basis

This criterion is needed to ensure the interfaces between this system and the Site
Radiological Monitoring System are addressed during the design. The purpose of this
interface is to ensure appropriate accommodation of radiation monitoring for subsurface
and surface exhaust airflows. This criterion supports MGR RD 3.3.A.

IL. Criterion Performance Parameter Basis
N/A

1.2.4.10 Criterion Basis Statement

L Criterion Need Basis

The system interfaces with the Uncanistered SNF Disposal Container System to ensure
ventilation supports the preclosure temperature constraints on the Uncanistered SNF Disposal
Containers. This criterion supports MGR RD 3.2.L by helping to maintain long-term
temperature conditions that will not accelerate the degradation of the cladding. The short-term
availability of this system is not critical, however, because long periods .(months) of no
ventilation are required for significant increases in the cladding temperatures.

IL. Criterion Performance Parameter Basis
N/A

1.2.4.11 Criterion Basis Statement

L Criterion Need Basis

The system interfaces with the Defense High Level Waste Disposal Container System to ensure
ventilation supports the preclosure temperature constraints on the Defense High Level Waste
Disposal Containers. This criterion supports the long-term temperature conditions and minimizes
degradation of the cladding. The short-term availability of this system is not critical, however,
because long periods (months) of no ventilation are required for significant increases in the
cladding temperatures.

1I. Criterion Performance Parameter Basis

N/A
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1.2.4.12 Criterion Basis Statement
1 Criterion Need Basis

The system interfaces with the Naval Spent Nuclear Fuel Disposal Container System to ensure
ventilation supports the preclosure temperature constraints on the Naval Spent Nuclear Fuel
Disposal Containers. This criterion supports the long-term temperature conditions and
minimizes degradation of the cladding. The short-term availability of this system is not critical,
however, because long periods (months) of no ventilation are required for significant increases in
the cladding temperatures.

IL Criterion Performance Parameter Basis
N/A

1.2.4.13 Criterion Basis Statement

I Criterion Need Basis

The system interfaces with the DOE Spent Nuclear Fuel Disposal Container System to ensure
ventilation supports the preclosure temperature constraints on the DOE Spent Nuclear Fuel
Disposal Containers. This criterion supports the long-term temperature conditions and
minimizes degradation of the cladding. The short-term availability of this system is not critical,
however, because long periods (months) of no ventilation are required for significant increases in
the cladding temperatures.

IL Criterion Performance Parameter Basis
N/A

1.2.4.14 Criterion Basis Statement

I Criterion Need Basis

The system interfaces with the Canistered Spent Nuclear Fuel Disposal Container System to
ensure ventilation supports the preclosure temperature constraints on the Canistered Spent
Nuclear Fuel Disposal Containers. This criterion supports MGR RD 3.2.L by helping to
maintain long-term temperature conditions that will not accelerate the degradation of the
cladding. The short-term availability of this system is not critical, however, because long
periods (months) of no ventilation are required for significant increases in the cladding
temperatures.

II. Criterion Performance Parameter Basis

N/A
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1.2.5.1 C»riterion Basis Statement

I

Criterion Need Basis

MGR RD 3.3.A requires MGR SSCs to be designed and fabricated in accordance with
applicable industry codes, standards, and engineering principles and practices with
particular attention to those that incorporate system safety, human factors, reliability,
availability, maintainability, and habitability standards. A requirement for a reasonably
bounded availability meets the intent of this criterion.

Criterion Performance Parameter Basis

The inherent availability of .9825 is provided in "Bounded Minimum Inherent
Availability Requirements for the SDDs." This value is TBV.

1.2.6.1 Criterion Basis Statement

L

Criterion Need Basis

MGR RD 3.1.E requires compliance with the applicable provisions of "Occupational
Safety and Health Standards" (29 CFR 1910). This criterion invokes applicable
requirements on this system.

Criterion Performance Parameter Basis

N/A

1.2.6.2 Criterion Basis Statement

I

IL

Criterion Need Basis

MGR RD 3.1.F requires compliance with the applicable provisions of "Safety and Health
Regulations for Construction” (29 CFR 1926). This SDD covers both development and
emplacement ventilation. This criterion invokes the applicable section of 29 CFR 1926 to
the design of the development side ventilation system.

Criterion Performance Parameter Basis

N/A

1.2.6.3 Criterion Basis Statement

L

Criterion Need Basis

"Radiation Protection in Uranium Mines" (ANSI N13.8-1973) is invoked to address the
potential problem with radon in dead-end areas of the repository. This standard is
primarily applicable to uranium mines; however, the design guidelines and features
presented in Section 14.5 of the standard would help limit concentrations of radon
daughters in the repository. This requirement applies only to areas where there is a
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potential for employee exposure to radon daughters. The extent of applicability will be
based on the final design.

This criterion supports MGR RD 3.3.A.

Criterion Performance Parameter Basis

" N/A

1.2.6.4 Criterion Basis Statement

L

Criterion Need Basis
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The handbooks from the ASHRAE provide industry-wide accepted guidelines and design |

information for all ventilation system applications, and are deemed applicable to the
Subsurface Ventilation System. »

This criterion supports MGR RD 3.3.A.
Criterion Performance Parameter Basis

N/A

1.2.6.5 Criterion Basis Statement

L

IL

Criterion Need Basis

"Standard for the Installation of Air Conditioning and Ventilation Systems" (NFPA 90A)
provides minimum standards for fire protection of air duct systems. Protection of the
subsurface air duct(s) is essential to personnel safety. This criterion is provided to ensure
the applicable provisions of NFPA 90A are incorporated in the design of this system.

This criterion supports MGR RD 3.3.A.
Criterion Performance Parameter Basis

N/A

1.2.6.6 Criterion Basis Statement

L

Criterion Need Basis

Design, selection, arrangement, configuration, and integration of SSCs involve many
elements. To accomplish an effective and safe work environment, the human-system
interface must incorporate human factors engineering (HFE) criteria. Use of the
“Department of Defense Design Criteria Standard, Human Engineering” (MIL-STD-
1472E), in conjunction with the other HFE standards and guidelines cited in this SDD,
will provide a human-system interface that maximizes performance and minimizes risk to
personnel..
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In support of MGR RD 3.3.A, this criterion ensures that the system will be designed to be
safely and effectively used by all expected users. The DOE Good Practices Guide
"Human Factors Engineering" (GPG-FM-027, paragraph 2.3.1) endorses the use of MIL-
STD-1472E (GPG-FM-027 references the earlier version of MIL-STD-1472).

IL Criterion Performance Parameter Basis
N/A |

1.2.6.7 Criterion Basis Statement

L. Criterion Need Basis

Maintainability of system equipment involves many factors, including the human-
machine interface. This interface must address the design for maintainability through the
incorporation of HFE criteria. In support of MGR RD 3.3.A, this criterion ensures that
the system will be designed to be safely and effectively maintained through compliance
with applicable industry standards. The DOE Good Practices Guide "Human Factors
Engineering" (GPG-FM-027, paragraph 2.3.1) endorses the use of "Human Factors
Design Guidelines for Maintainability of Department of Energy Nuclear Facilities"
(UCRL-15673) for addressing HFE maintainability design criteria.

1I. Criterion Performance Parameter Basis
N/A
1.2.6.8 Criterion Basis Statement

Reserved

1.2.6.9 Criterion Basis Statement

I Criterion Need Basis

This criterion is derived from regulatory precedence cited in MGR RD 3.1.B, Wthh
invokes "Standards for Protection Against Radiation" (10 CFR 20).

1I. Criterion Performance Parameter Basis
N/A
1.2.6.10 Criterion Basis Statement

I The “Monitored Geologic Repository Project Description Document” allocates controlled
project assumptions to systems. This criterion identifies the need to comply with the
applicable assumptions identified in the subject document. The approved assumptions
will provide a consistent basis for continuing the system design.
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1L Criterior; Performance Parameter Basis
N/A

1.2.6.11 Criterion Basis Statement

L | Criterion Need Basis

'MGR RD 3.3.A requires compliance with applicable industry codes and standards. This
criterion identifies “Administrative, Fire- and Life-Safety, and Field Inspection
Provisions” Volume 1 of "1997 Uniform Building Code,” as applicable to the design of
the system.

This criterion supports MGR RD 3.1.G.
IL Criterion Performance Parameter Basis
N/A
1.2.6.12 Criterion Ba_sis Statement

L Criterion Need Basis

MGR RD 3.3.A requires compliance with applicable industry codes and standards. This
criterion identifies "1997 Uniform Building Code” (Volume 2, “Structural Engineering
Design Provisions”) as applicable to the design of the system. This criterion supports
MGR RD 3.1.G.

II. Criterion Performance Parameter Basis
N/A

1.2.6.13 Criterion Basis Statement

L Criterion Need Basis

MGR RD 3.3.A requires compliance with applicable industry codes and standards. This
criterion identifies “1997 Uniform Building Code” (Volume 3, “Material, Testing and
Installation Standards”) as applicable to the design of the system.

This criterion supports MGR RD 3.1.G.
1I. Criterion Performance Parameter Basis

N/A
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APPENDIX B ARCHITECTURE AND CLASSIFICATION

The system architecture and QA classification are identified in Table 7. The QA classifications |
are established in “Classification of the MGR Subsurface Ventilation System.”

Table 7. System Architecture and QA Classification |

Subsurface Ventilation System QL-1 QL-2 QL-3 CQ
Development Area Ventilation System X
Emplacement Area Ventilation System X
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Ci1

" ALARA
ASHRAE
CFR

CO

CPA

cQ

DOE

M&O
MGR
MGR RD
N/A
“NRC
NUREG
QA

QL

SSCs
- SDD
TBD
TBV

WBGT

C2

ft/s
in.

Hg
pm
Pa
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APPENDIX C ACRONYMS, SYMBOLS, AND UNITS

ACRONYMS

As Low As Reasonably Achievable

- American Society of Heating, Refrigerating and Air-Conditioning Engineers

Code of Federal Regulations

carbon monoxide

Controlled Project Assumption
Conventional Quality

U. S. Department of Energy

function

Human Factors Engineering

north

Management and Operator
Monitored Geologic Repository
Monitored Geologic Repository Requirements Document
Not Applicable

U. S. Nuclear Regulatory Commission
NRC Regulation (or position preface)
quality assurance

Quality Level

revolutions per minute

South

structures, systems, and components
System Description Document

to be determined

to be verified

west

wet-bulb globe temperature

SYMBOLS AND UNITS

degrees
percent
minutes of arc
seconds of arc
Celsius
Fahrenheit
feet
feet/second
inches

meters
micrograms
microns
Pascals
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S seconds
w§ water gauge l
m cubic meters

kW kilowatts
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APPENDIX D FUTURE REVISION RECOMMENDATIONS AND ISSUES

This appendix identifies issues and actions that require further evaluation. The disposition of
these issues and actions could alter the functions and design criteria that are allocated to this
system in future revisions to this document. However, the issues and actions identified in this
appendix do not require TBDs or TBVs beyond those already identified

Issue 1 - Resolve outstanding TBDs and TBVs
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APPENDIX E REFERENCES

This section provides a listing of references used in this SDD. References list the Accession
number or Technical Information Catalog number at the end of the reference, where applicable.
References that have neither an Accession number nor a Technical Information Catalog number
at the end of the reference are considered "Readily Available."
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