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1. PURPOSE

The purpose of this analysis is to define how air quality is to be achieved and maintained during
different modes of repository operation. The objective is to develop air quality control methods and
strategies to support the License Application Design.

The scope of this analysis covers:

1) Identification of acceptable ranges of air quality indices for the following items: oxygen
content; temperature; humidity; and concentrations of dust, silica, and other contaminants.

2) Description of technica! and administrative approaches that establish and maintain acceptable

air quality in the underground working places. This analysis will discuss methods to
establish and maintain acceptable air quality, but the exact ventilation layout or equipment
to accomplish this task will be covered in other analyses. ‘

3) Specification of equipment and operating modes to establish and maintain air quality control.

4) Definition of potential normal and abnormal situations in which the air quality could be
degraded.

5) Determination of the effect on repository operations or construction in the event that the air
quality has been degraded.

- Detection or control of nuclear contaminants is not included in the scope of this analysis. This
analysis will not attempt to define all possible air quality control indices but will concentrate on
those listed in item #1 above.

2. QUALITY ASSURANCE

This analysis discusses how the limits for air quality are developed and the process or equipment
which will maintain air quality. Different processes and equipment are discussed and are subject to
quality assurance controls. A preliminary classification of permanent items has been performed in
accordance with Quality Administrative Procedure QAP-2-3, Classification of Permanent Items, and
those classifications are found in the Q-List (Ref. 5.1). This analysis makes no selection of
permanent equipment fequiring classification. Activities were evaluated in accordance with QAP-2-
0, Conduct of Activities, and it was determined that the activities will affect Q-List items (Ref. 5.1)
and therefore is subject to the Quality Assurance Requirements and Description (Ref. 5.2).

This analysis may be used for License Application. The analysis will be used as an input to other
analyses which will berused as the basis for construction, procurement, or fabrication. The formal
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TBV and TBD tracking system described in Nevada Line Procedure NLP-3-15 To Be Veriﬁed (TBV)
and To Be Determined (TBD) Monitoring System is applicable to this analysis,

The use of design inputs and assumptions requiring confirmation (4.1.9, 4.1.12,4.2.2, 4.2.4, 4.3.3,
4.3.4, and 4.3.5) in this analysis was necessary to establish characteristics for the design. The
inclusion of this input does not disqualify the results of the analysis as the input was used to compare
alternatives, not to select items for procurement, construction, or fabrication. Additionally, the
design inputs and assumptions requiring confirmation do no affect waste isolation or nuclear safety.

3. METHOD

The analytical method was utilized in the development of this analysis. This method will be used
in the following manner: '

. An gir quality level will be suggested. The level could be from industry practice or
determined by governmental regulation.

. The effect of this level will be analyzed.

. The air quality level will either be adopted or a new level proposed to fit the particular
situation found in the repository.

. Ways will be suggested as to how the air quality level can be met and maintained, although
specific equipment layouts or arrangements will not be made.

4. DESIGN INPUTS
4.1  Design Parameters

4.1.1 Elevation and Air Pressure of the Repository

The elevation of the repository is approximately 1075m which is the average of elevations
shown on Figure 7-1 in Reference 5.9 and has a barometric pressure of 89.0 kPa. (Ref. 5.3,
Appendix A). As the East Main has been constructed, the elevation is a result of the
Exploratory Studies Facility (ESF) design. The information from Reference 5.9 is existing
data and does not need to be confirmed. The repository elevation was only used to select a
barometric pressure. Barometric pressure changes gradually with elevation and is subject
to meteorological fluctuations, thus an exact value is not critical,

4.1.2 Air Intake to Development Side of the Repository
The air intake to the Development Side of the repository is between 177 to 267 m*/sec. This
information from Reference 5.17, pages 95 and 98, is existing data and does not need to be
confirmed. These are reasonable values for the air intake for the repository and reasonable
values are all that are required for this analysis.
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4.1.3 Minimum Required Air Volume

4.14

The minimum required air volume per underground worker is 5.7 m¥min and 28.32 m¥min
per brake horsepower for diesel engines. (Code 4.4.2) '

Specific Criteria for Gas and Dust Levels

This analysis will use the 1997 American Conference of Governmental Industrial Hygienists
(ACGIH) criteria for gas and dust levels (Code 4.4.3). Code 4.4.2 refers to the 1970 ACGIH
levels. These levels have stayed the same, been lowered, or new levels have been added by
ACGIH over the 20+ years which have elapsed since the regulations were first promulgated
and new substances have been added. In order to be conservative and to comply with the
Department of Energy Order 440.1A (4.4.4), this analysis will use the 1997 values. Table
1 compares these values. s

Comparison of ACGIH Thru:::’t;cl:,limit Values (TLV) Over Time
Substance TLV-1970 TLV-1997
mg/m*(ppm) mg/m*(ppm)
Aluminum- Welding Fume - 5
Iron Oxide Fume _ 10 5
Copper Fume - 01 02
Portland Cement (<1% SiO,) 15 10 .
Particulate Not Otherwise _ 15 I0
Classified (Inhalable)(<1% SIO,)
Particulate Not Otherwise - 3
Classified (Respirable)
Welding Fume - 5
Quartz Note A ' 0.1
Tridymite - 0.05
Cristobalite : Note B 0.05
Carbon Monoxide 55 (30) 29 (25)
Carbon Dioxide 9000 (5000) 9000 (5000)
Nitrogen Dioxide 9(5) 56(3)
Nitrous Oxide - 90 (50)
Ozone (Heavy Work) 0.2(0.1) 0.1 (0.05)
Sulfur Dioxide 13(5) 52(2)

b e e e b s =
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Notes:

4.1’5

4.1.6

4.1.7

4.1.8

4.1.9

A. Threshold value calculated by the formula: 250 = TLV millions of particles per
: %8510, + 5 cubic foot (mppcf)
B. 20 mppcf ‘ ‘

Normal Oxygen Content of Air
The normal oxygen content of air is about 21%. (Ref. 5.3, pg 31)

Minimum Oxygen Content of Air _
The allowable minimum oxygen content of air is 19.5% (Code 4.4.2)

Percent of Minerals for Repository Level

The average percent of quartz, cristobalite, and tridymite from four specific boreholes is
15.7%, 16.3%, and 3.48%, respectively (Attachment I). This information represents the
mineralogical data for the Tptpll formation from Tables A1, A2, A3, and A4 in Reference
5.28. The average percent of cristobalite and tridymite from all borehole data between the
elevations of 1000m to 1100m is 15.1% and 2.85%, respectively. (Ref. 5.31) '

Average Depth to Repository
The average depth from the surface to the repository is about 250m. This value is
approximated from Figures 0-1 and O-2 in Reference 5.15.

Ambient Dust Conditions ,

The average and maximum dust conditions at Yucca Mountain are 0.0] mg/m’ and 0.15
mg/m®, respectively. This information from Reference 5.16, page 12 is existing data and
does not need to be confirmed. The values are considered to be reasonable and reasonable
values are all that are required for the purposes of this analysis. However, the Ventilation
System Description Document(Ref. 5.6, 1.2.2.1 -7) has requested this information(TBD-240).

4.1.10 Ventilation Rates

4.1.11

The East Main ventilation rate will be approximately 240 m%/s during development. Each
tunnel boring machine (TBM) and roadheader will require 17 m/s and 35 m¥s, respectively,
of this total flow. Only a portion of the 240 m¥s flow is required by the TBM(s) and
roadheader(s), the remainder is used to dilute dust generated during the excavation operations
and to supply air to other operations. This information from Reference 5.17, page IV-7 is
existing data and does not need to be confirmed. The values are considered to be reasonable
and reasonable values are all that are required for the purposes of this analysis.

Ducting Leakage Rates .

Ducting can have a 15% leakage rate even with good ventilation practice. The average
leakage rate is 25%. Reference 5.3, page 529 quotes these values for overall ventilation
systems, which includes airflow in excavated openings and ducts. However, air flow in the
repository will not permit significant recirculation and therefore, these values were adapted
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for flow through ducting, ducting being the only way that recirculation could occur in the
repository. These values are for short lengths of ducting; ducting lengths of 5,000m or
10,000m should produce much more leakage.

4.1.12 Predicted Respirable Dust Concentrations

The maximum predicted respirable dust concentration is 2.7 mg/m’® during excavation (Ref.
22, Exhibit I). A representative dust concentration for drifts and mains of 0.04 mg/m® was
selected from a day in Reference 5.22, Exhibit I, when no excavation activities ‘were
occurring. This dust concentration would thus be due to the movement of people and
equipment around the drifts. This information from Reference 5.22 is existing data and does
not need to be confirned.  The values are considered to be reasonable and reasonable values
are all that are required for the purposes of this analysis. However, the Ventilation SDD
(Ref. 5.6, 1.2.2.1,7) has requested this information be determined (TBD-240).

4.1.13 Dust Scrubber Efficiency

Comparative examples in this analysis use 90 or 95 % efficiency for most of the respirable
dust range of <5 microns for both wet and dry scrubbers. Figure 7 in the analysis (Ref. 5.19,
page 11-3), shows this graphically. Both types of scrubber can have a 90% efficiency for the
respirable dust range using curves in Figure 7. If other scrubber curves are used, the
efficiency increases to 95% for most of the respirable dust range. Higher efficiencies can be
achieved by modem equipment. These efficiencies were chosen to be conservative values,
but still reasonable.

4.1.14 Allowable Radon Exposure
The maximum allowable radon exposure is 1.0 Working Level (WL). The annual exposure
limit is 4 Working Level Months (WLM). (Code 4.4.1)

4.1.15 Permissible Heat Exposure Threshold Limit Values - Wet Bulb Globe Temperature

;’Wergni'sli‘{:le heat exposure threshold limit values - WBGT (Celsius) from Code 4.4.3 are:
Work-Rest Regimen Light . Moderate Heavy
Continuous Work 30.0°C 267 25.0
75% Work, 25% Rest, Each Hour 30.6 28.0 25.9
50% Work, 50% Rest, Each Hour 34 29.4 279
25% Work, 75% Rest, Each Hour 322 18| 30.0

R .
4.1.16 Air Temperature at Stations 1 + 70 and 28 +26
The dry bulb air temperature variation for the period April 1996 to January 1997 was
determined from daily temperature readings at two underground locations. At Station 1 +
70 the variation was 7°C to 28.8°C and for Station 28 +26 the variation was 22.2°C to 27.2°C.
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4.2

4.2.1

422

423

4.2.4

4.2.5

43

This information from Reference 5.11 is existing data and does not require confirmation as
the information is used only to establish the fact that underground temperature does not vary
as much as surface temperature. Station 1+70 is near the South Portal and Station 28+26 is
at the repository level.

Design Criteria

Reference used: Subsurface Ventilation System Description Document (Ventilation SDD) -
Ref. 5.6.

The system shall comply. with the applicable provisions of 29 CFR 1926, Safety and Health
Regulations for Construction (Ventilation SDD, 1.2.6.2). The Ventilation SDD, 1.2.6.1
refers to 29 CFR 1910 (4.4.6). As applicable portions of 29 CFR 1910 which deal with air
quality are duplicated in 29 CFR 1926, it is not considered further in this analysis.

The system shall limit the maximum dry bulb temperature to 48°C (118.4°F) (TBV-321) for
subsurface areas during human access. For subsurface areas requiring human access for a
full shift (i.e., not to exceed eight hours) without personnel heat stress protection, the system
shall limit the maximum effective temperature to 25°C (77.4°F) (TBV-321). (Ventilation
SDD, 1.2.1.3). The 48°C requirement is for human access for bricf periods of time,

The system shall provide a minimum quantity of fresh air (surface ambient) to accommodate
a maximum of 305 persons on the development side and a maximum of 152 persons on the
emplacement side. (Ventilation SDD, 1.2.1.1) '

The system shall meet all the performance criteria while subjected to the natural
environments as shown:

Annual Temperature Range: -15 to 47°C (Ventilation SDD, 1.2.2.1.7)
Annual Humidity Range: (TBD-240) :

The system shall be capable of controlling concentrations of radon daughters to less than 0.1
WL (working level) in the pre-filtered exhaust air sample for the development and
emplacement areas. (Ventilation SDD, 1.2.1 9) )

Assumptions

Referencesused: Controlled Design Assumptions Document (CDA) - Ref, 5.5 and Repository
Layout Configuration Analysis - Ref. 5.9. The basis for CDA information is included in the

CDA.
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4.3.1

4.3.2

433

434

-43.5

4.4

4.4.1

Drift Diameter and Minimum Air Velocity

The emplacement drifts are 5.5m diameter (Ref. 5.9, Figure 7-20) and the minimum air
velocity is 0.51 m/sec (100 f/min) (Ref. 5.5, CDA, DCSS 017). This assumption is not
confirmed as the information is used to establish a ventilation rate for an example. The
example was used for comparison purposes. {Used in Attachment 11}

Material Restrictions
Organic materials are restricted for use as rock support and other post-closure permanent
materials in all openings. (Ref. 5.5, CDA, DCSS 027) [Used in Sec. 72 and 78.1)

Average Surface Humidity and Temperature
The average annual surface humidity and temperature are:

Humidity Temperature
Annual Average: 54% 12.7°C  (Ref. 5.5, CDA, TDSS 021) (TBD-240)
(Used in Sec. 7.4]

Rock Thermal Gradient and Surface Rock Temperature
The rock surface temperature is an average of 18.7°C. (TBD-240)

The thermal gradient in the rock is:  0.020°C/m for depths of 0-150m
_ 0.018°C/m for depths of 150-400m
0.030°C/m for depths of 400-541m
(Ref. 5.5, CDA, TDSS 002)

The thermal gradient information need not be confirmed as the information is used only to
estimate the average rock temperature at the repository level. The rock temperature is used

with the average humidity in Section 7.4 to show approximate underground conditions. pused
tn Sec. 7.3}

Surface Humidity

Surface Air Humidity: Max. 71%, Min. 13% (Ref. 5.5, CDA, TDSS 021). (TBD-240)
[Used in Sec. 7.4)

Codes and Standards

30 CFR Part 57.5037-57,5040 (1997)

Safety and Health Standards- Underground Metal and Nonmetal Mines. Revised as of July
1,1997. Although this code is not applicable to the repository, it is included for information
and for guidance in certain areas not covered by codes 4.4.2 or 4.4.3.
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44.2

44.3

4.44

44.5

4 .4.6

5.1

5.2

53

54

5.5

5.6

5.7

29 CFR Part 1926 (1997) S
Underground Construction. Revised as of July 1, 1997.

American Conference of Governments] Industrial Hygienists (ACGIH) (1997
1997 Threshold Limit Values for Chemical Substances and Physical Agents and Biological
Exposure Indices. '

-

DOE Order 440.1A (1998) .
Worker Protection Management for DOE Federal and Contractor Employees

10 CFR Part 60 (1997).
Disposal of High-Level Radioactive Waste in Geologic Repositories

29 CFR Part 1910 (1997)

Occupational Safety and Health Standards. Revised as of July 1, 1997.
| 5. REFERENCES

OCRWM YMP. 1998. Q-List. YMP/90-55Q Rev. 5. Las Vegas, Nevada: Author.
MOL.19980511.0164.

OCRWM DOE. 1998. Quality Assurance Requirements and Description (CARD).
DOE/RW-0333P Rev. 8. Las Vegas, Nevada: Author.

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

Conditioning. New York, New York: John Wiley & Sons. Third Edition. MOL.19980421. .

0495.

IARC Press. 1997. Silica, Some Silicates, Coal Dust and para-Aramid Fibrils. Vol. 68.

Lyon, France: Author.

CRWMS M&O. 1998. Controlled Design Assumptions Document (CDA4). B00000000-
01717-4600-00032, Rev. 04, ICN 4. Las Ve , Nevada: Author. MOL.19980511.0260.

CRWMS M&O. 1998. Subsurface Ventilation System Description Document. BCA000000-
01717-1705-00016, Rev. 00, ICN 1. Las Vegas, Nevada: Author.

Lipman, P.W.; Christiansen, R.L.; and O*Connor, J.T. 1966. 4 Compositionally Zoned Ash-
Flow Sheet in Southern Nevada. Washington, D.C.:United States Government Printing -
Office. NNA.19870519.0035. ‘




Title: Air Quality Control Design Analysis Date: 06/09/98
Document Identifier: BCAD00000-01717-0200-00008 Rev. 00 Page: 13 of 50

58

5.9
5.10

511
5.12

513
5.14
5.15

5.16
5.17
5.18

5.19

CRWMS M&O. 1998. Geology of the Exploratory Studies Facility Topopah .Spﬁng Loop.
BAB000000-01717-0200-00002, Rev. 01. Las Vegas, Nevada: Author MOL.19980415.
0273.

Gorrell, C.R. 1997. Repository Subsurface Layout Configuration Analysis. BCA000000-
01717-0200-00008, Rev. 00. Las Vegas, Nevada: CRWMS M&O. MOL.19971201.0879.

Hartman, H.L. 1992. SME Mining Engineering Handbook. Littleton, Colorado: Society for
Mining Metallurgy, and Exploration, Inc. Second Edition. MOL.19971229.0318.

Kramer, N.E. 1997. ESF Underground Temperature Data, August 1995 to January 1997
Jor Stations 1+70, 7+54 and 28+26, Las Vegas, Nevada: CRWMS M&O.
MOL.19970815.0127.

Kramer, N.E. 1995. Repository Subsurface Ventilation Scoping Evaluation Report.
BCADO00000-01717-5705-00001, Rev. 00. Las Vegas, Nevada: CRWMS M&O.
MOL.19960321.0056. .

Dana, E.S.; and Ford, W.E. 1932. A Textbook of Mineralogy. New York, New York: John
Wiley & Sons. Fourth Edition. 236756.

Barenbrug, A.-W.T. 1974. Psychrometry and Psychrometric Charts. Chamber of Mines of
South Africa. Third Edition. NNA.19900702.0052.

CRWMS M&O. 1998. Cross Drift Geotechnical Predictive Report, Geotechnical
Baseline Report. BABEA0000-01717-5705-00002, Rev. 01. Las Vegas, Nevada: Author.

CRWMS M&O. 1997. Meteorological Monitoring Program Particulate Matter Ambient Air
Quality Monitoring Report January through December 1996. BA0000000-01717-5705-
00001, Rev, 00. Las Vegas, Nevada: Author, MOL.19980416.0733.

Jurani, R.S. 1997. Overall Development and Emplacement Ventilation Systems.

. BCA000000-01717-0200-00015, Rev. 00. Las Vegas, Nevada: CRWMS M&O.

MOL.19980123.0661.

McAffee, D.A. and Raczka, N.T. 1997. Emplacement System Control and Communication
Analysis. BCA000000-01717-0200-00016, Rev. 00. Las Vegas, Nevada: CRWMS M&O.
MOL.19980113.0786.

ACGIH. 1986. Industrial Ventilation - A Manual of Recommended Practice. Cincinnati,
Ohio: American Conference of Governmental Industrial Hygienists. 19th Edition. 206881.




Title: Air Quality Control Design Analysis _ Date: 06/09/98
Document Identifier: BCAD00000-01717-0200-00008 Rev. 00 Page: 14 of 50

520 McPherson, M.J. 1993. Subsurface Ventilation and Environmental Engineering. New York,

5§21

522

New York: Chapman & Hall. First Edition. 215345,

Miles, W.J. 1997. “The Quantitative Measurement of Crystalline Silica”. Proceedings of the
Society of Mining, Minerals & Metallurgy. Denver, Colorado: Society of Mining, Minerals
& Metallurgy.

Yucca Mountain Project Repository Design Consulting Board. 1997, Report #4. Chico,
California: Author. MOL.19971027.0264.

523525  Not Used.

5.26

5.27

5.28

5.29

5.30

§.31

5.32

Dresel, RR. 1996. Air Quality’ Issues Report. Las Vegas, Nevada: CRWMS M&O.
MOL.19970516.0015.

McManus, T.T. Silica Exposure Monitoring in the YMP Exploratory Studies Facility -
September 1996. Las Vegas, Nevada: Environmental Health Services. MOL. 19970207.0142.

Vaniman, D.; Chipera, S.; and Bish. D. 1997. Geotechnical Data Report: Hazardous
Minerals. Los Alamos, New Mexico: Los Alamos National Laboratory. MOL.19980217.
0074,

MIE, Inc. 1990. Model RAM-S Real-Time Aerosol Sensor Instruction Manual. Billerica,
Massachusetts: MIE, Inc.

Taipale, .M. 1997. Subsurface Construction and Development Analysis, BCA000000-
01717-0200-00014, Rev. 00. Las Vegas, Nevada: CRWMS M&O. MOL.19971210.0560.

Kramer, N.E. 1998. Cristobalite and T ridymite Percentages Between 1000m and 1100m
Elevation. Las Vegas, Nevada: CRWMS M&O. MOL.19980225.0351.

NIOSH. 1994. NIOSH Manual of Analyttcal Methods (NMAM). 94-113. Washington, D.C.:
National Institute for Occupational Safety and Health. 4th Edition.

6. USE OF COMPUTER SOFTWARE

Computer software was not used for this analysis.

»




Title: Air Quality Control Design Analysis Date: 06/09/98
Document Identifier: BCAD00000-01717-0200-00008 Rev. 00 _ Page: 15 of 50

. 7. DESIGN ANALYSIS

Underground facilities have limited avenues of ingress and egress and thus a satisfactory leve! of air
quality is very important to the maintenance of a safe working environment for personnel and a
“clean” environment for equipment operation. The limits for oxygen content, temperature, humidity,
concentrations of dust, silica and other contaminants have been established - either by Department
of Energy Order (4.4.4) or by good operating practice. This analysis will evaluate and discuss these
limits as to their effect on repos:tory personnel and operations.. This analysis will consider the
unique operating environment in the repasitory and either adopt the limits as stated in Section 4 or
propose new limits.

The analysis will discuss how the air quality control limits will be established and maintained. The
air quality limits will either be controlled by operational procedures or by equipment. These controls
will be described.

An important consideration in the analysis is a determination of when and under what conditions (if
any) the limits could be exceeded. That is, are they absolute limits or operating limits? The effects
of going beyond these limits on the repository and personnel will be discussed.

7.1 Air Quality Control Limits

Table 2 shows the air quality control limits which have been established by regulation.

Table 2
Air Quality Control Limits
Alr Quality Parameter Limit Sources of Limit
Oxygen Content At Jeast 19.5% by volume .| 442
Temperature A maximum of 25° C(TBV-321) 422
effective
Humidity ‘ None
Dust Concentration Depends on dust type , 443
Si0, (Silica) Concentration 0.1 mg/m? Quartz, 0.05 mg/m’ 443 (4.14)
"] Cristobalite®
Other Contaminant (Gas) Varies by Contaminant 443
Concentration )

Notes: * Threshold Limit Value-Time Weighted Average (TLV-TWA) based on an 8 hour day, 40
hour week.
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72  Oxygen Content

Normal air has an oxygen content of about 21% by volume (4.1.5). The oxygen in the air is affected
by respiration of personnel, high temperature oxidation (internal-combustion engines), and low
temperature oxidation of wood or minerals,

The use of organic materials for the repository will be limited (4.3.2) and thus will not be available
for oxidation. The individual members of the Paintbrush Tuff along the Access Ramps and at the
repository level (Ref. 5.8, page Al) are principally composed of basal crystal-poor rhyolite and
capping crystal-rich quartz latite (Ref. 5.7, page F1). The composition of the phenocrysts are
sanidine, oligoclase, biotite, clinopyoxene, and magnetite. Since the quartz (Si0,) and other
minerals are already oxidized (Ref, 5.13) - the oxygen in the air will have a limited ability to further
oxidize the minerals. Therefore, low temperature oxidation in the repository will be limited and can
be ignored in terms of air quality. ' _

The use of internal-combustion engines in the repository is not banned but may be restricted to
reduce the amount of combustion products which might be deposited on the underground surfaces.
Therefore, high temperature oxidation will have a limited effect onoverall oxygen demand. Internal-
combustion engines, if used, would require additional air quantities than those sited below.

The oxygen content of the air will be reduced by respiration. However, the minimum amount of air
required per worker is small compared to the total volume of air circulating in the repository. The
volume of air required for development is:

305 workers (Criteria 4.2.3) x 5.7 m*min x 1 min/60 sec (4.1.3) = 29 m¥sec
Air intake to Development Side (4.1.2) = 177 to 267 m%sec

The intake air will be split and divided in various areas in the repository, and thus the value cited
above will be reduced. ‘However, the requirement is small compared to the total air flow quantity
of 177 m/sec+ and thus oxygen deprivation will not be a concern under normal operating
conditions. Therefore, 19.5% (4.1.6) is a reasonable lower limit for oxygen content of the air.
According to the above calculations, the limit should be casily achieved in the repository. Since the
19.5% (4.1.6) is mentioned in worker safety law (4.4.2) it should be considered an absolute lower
limit. No work must occur below this level, and work in progress must stop if the level is reached.
There should be no other effects that could result from a low level of oxygen other than stoppage of
work. Work should be able to resume when the oxygen level is raised by improving the ventilation
flowing through the affected area. .
N .

Good operating practice would impose a margin above the 19.5% oxygen level to ensure that no
workers were exposed below the 19.5% level. An action level of 20.25% is recommended as a level
when continuous monitoring should begin. This level is chosen as it is half way between 21% and
19.5%. The continuous monitoring will provide information to assess whether or not the work
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should be restricted or stopped. This action level will ensure that repository management will have
sufficient time to react to conditions which might deplete the oxygen content of the air.

7.3  Temperature -

Table 3 has been taken from Design Parameter 4.1.15.

Table 3 ,
Permissible Heat Exposure Threshold Limit Values (WBGT)*
WBGT (Celsius) (4.1.15)
Work-Rest Regimen Work Load
Light Mederate Heavy
Continuous Work 30.0 26.7 25.0
75% Work, 25% Rest, Each Hour 30.6 28.0 259
50% Work, 50% Rest, Each Hour 314 294 279
25% Work, 75% Rest, Each Hour 322 31.1 30.0

Note: * Wet Bulb Globe Temperature Index (WBGT) = 0.7 x Wet-Bulb + 0.3 x Globe Temp.
This table is for acclimatized workers working an 8 hour day/40 hour week and should be
adjusted downward for unacclimatized workers. This table is the current recommendation
of the ACGIH. A proposed change by this organization would lower some values slightly.
However, this analysis will use the recommended values until such time as the change is
made. The proposed change should generate comments from industrial hygienists and others
which may cause a revision to the proposed values.

Table 3 presents a concise picture of temperature versus level of effort. The WBGT is more difficult
and time consuming to acquire than effective temperature (Ref. 5.10, page 1031) and so may not be
suitable for use in the repository. A more commonly used measure of temperature is effective
temperature. The effective temperature is not the same as the WBGT although it is similar. The
WBGT is determined as shown in the note above. The effective temperature is 2 comparison of the
wet-bulb, dry-bulb, and air velocity. Both scales automatically account for humidity by their
collection method.‘

The effective temperature is an empirically based scale as shown in Figure 1. An example is given
in the Figure to show how the effective temperature is derived from temperature and air velocity.
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: Figure 1 Effective Temperature Scale

Basic chart for men stripped to the waist and at rest or doing light work. Example:
given t, = 27°C (80°F), t, = 18°C (65°F), V = 0.25 m/s (50 fpm); read t, = 21°C (70°F)
(Ref. 5.3, pg. 613)
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Reference 5.10, page 1031 gives the following guideline for effective temperature:;

“A good standard to use is to try to maintain eﬁ‘ecfive temperature between 21°C and
26.5°C. Between 26.5°C and 30°C, some means should be taken to provide cool__ing,
and 30°C should be the maximum ET allowed before cooling is provided.”

The 25°C (TBV-321) mentioned in Design Criteria 4.2.2 as the maximum effective temperature
allowed under most conditions appears to follow this rule. Code 4.4.4 indicates that the ACGIH is
to be followed for temperature. Since an effective temperature value of 25°C (TBV-321) (4.2.2)
matches the lowest temperature given in Table 3, using effective temperature for the repository
should meet the intent of Code 4.4.4.. Therefore, an effective temperature of 25°C (TBV-321)4.2.2)
should be the maximum temperature allowed before some form of cooling should be provided.
Cooling could include colder ventilation air, ice vests, or limited exposure for the workers. Since
personnel can work at effective temperatures above 25°C (TBV-321) (4.2.2) with some discomfort,
the 25°C (TBV-321) (4.2.2) level should be considered an operating limit. This limit could, with
appropriate controls, be exceeded without adversely affecting the health or safety of the workers.

The average rock temperature at the repository level is calculated as follows:

Average surface rock temperature: 18.7°C (TBD-240) (4.3.4)
Average depth from surface to repository:  250m (4.1.8)
Rock thermal gradients: | 0.020°C/m 0-150m, 0.018°C/m 150-400m (4.3.4)

18.7 + (150 x 0.020) + (100 x 0.018) = 23.5°C

The rock at the repository level will act as a moderating influence on the temperature. Design
Parameter 4.1.16 demonstrates this by comparing the temperature in two different alcoves, one at
Station 1+70 and the other at Station 28+26. The temperature at Station 1470 varied between 44.6°F
and 83.9°F (7.0°C and 28.8°C) dry bulb for the period April 1996 to January 1997. The temperature
at Station 28+26 varied between 72.0°F and 81.0°F (22.2°C and 27.2°C) dry-bulb during the same
period. The thermometer at Station 1+70 was more affected by the temperature outside the portal
(s itis closer to the surface) than the one at Station 28+26. In the absence of other factors that could
change air temperature, proximity to the portal would govern.

After the start of emplacement of the waste packages, the rock temperature on the emplacement side
of the repository will increase. The air will generally increase in temperature as it goes through the
repository. This increase in heat load may require cooling of the air, but specific recommendations
for air cooling areoutside the scope of this analysis. Additional analyses must be performed to
determine the expected rock temperature before any conclusions can be drawn concerning cooling
requirements for the emplacement side of the repository. .

Equipment and lighting will contribute greatly to the heat load on the construction or development
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side of the repository. The ventilation air and dust suppression water will remove the majority of
the heat generated by equipment and lighting. However, the operating environment near the
equipment will be warmer than other subsurface areas as the heat removal is a constant flow process.
Heat is being generated and removed continuously from the TBM in semi-equilibrium with cooler

parts of the repository.

A recommendation for the lower limit for the effective temperature is not made. That is, no arbitrary
temperature will be set for the lower limit. Workers should dress appropriately for the work they
will perform underground. Some jobs will be more strenuous than others and thus have different
clothing requirements to provide the appropriate level-of worker comfort.

A recommendation for a maximum dry-bulb temperature limit will follow the Ventilation SDD value
of 48°C (4.2.2).

74  Humidity

This section of the analysis will show that humidity should not be a problem for the repository under
most operating conditions. ' -

There are no, mining regulations concerning humidity nor what constitutes an acceptable level of
humidity. High humidity can affect electronic equipment as it makes it susceptible to corrosion and
condensation induced problems. However, humidity is not expected to be an area of concern in the
repository as shown in Figure 2. Figure 2 is 2 Psychrometric Chart for 90 kPa (Ref. 5.14), which
is the closest chart for the §9.0 kPa barometric pressure found at the repository (4.1.1). The
temperature range for the air outside the repository varies between -15 and 47°C (4.2.4) and humidity
varies between 13 and 71% (TBD-240) (4.3.5). Inorderto provide a bounding case the air humidity
will be changed to 0 and 100% as these are the minimum and maximum values for humidity. The
chart is limited in its range and can not show the bounding conditions in all cases. In the discussion
below, some points are different than the bounding conditions for this reason and will be noted with
this symbol (). In order to simplify the following discussion no moisture will exchange between
the air and the rock mass. This allows relative humidity and temperature changes to be shown as
horizontal lines. All temperatures are dry-bulb and all humidity is relative, unless noted.

Point #1 on the chart represents the average annual air conditions of 12.7°C and 54% humidity
(TBD-240) (4.3.3) at the site. As the air travels down the ramp into the repository it will be heated
to the average rock temperature of 23.5°C (calculated in Section 7.3) and decrease in humidity as
shown at Point #2. If the air continues in an access main, it will exit the repository at about this
temperature (it may coot slightly as it rises toward the surface). If the air enters an emplacement
drift it will be further heated and will decrease in humidity, Point #3,

As air enters the repository during winter conditions of 0°C(*) and 100% humidity as shown by Point
#4, it will undergo heating. Using the same temperature increase as shown above
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(23.5-12.7= 10.8°C), the air will be heated (Point #5). The same temperature increase is selected
to compare the examples given. To determine the actual temperature increase would require
extensive calculations which are outside the scope of this analysis. If the air were to enter an
emplacement drift, it would be further heated (Point #6). Air entering the repository during summer
conditions of 47°C and 10%(*) humidity, Point #7 would undergo cooling (Point #8). The decrease
in temperature is 10.8°C or 36.2°C for Point #8. If the air then entered an emplacement drift, it
would be heated (Point #9).

Since the air has been cooled to Point #8 its dew point must be checked to determine if condensation
occurs. If the air is cooled below its dew point condensation will occur. In this case the dew point
is about 17°C and so moisture will remain in the air. The dew point is reached by traveling up the
constant wet-bulb line to 100% humidity and then reading the temperature at that location. Point
#10 is the intersection of the dew point temperature line and the extension of the line from Point #8.

Points #1, #2, and #3 are duplicated on Figure 3 for reference. Point #11 represents 0°C and 10%
humidity. As this air undergoes 10.8°C heating its humidity will decrease (Point #12). As it
undergoes further heating in an emplacement drift (Point #13) it will become even dryer.

Point #14 represents 35°C (*) and 100% humidity. If air at these conditions undergoes cooling to
35-10.8 = 24.2°C, its humidity will remain at 100% but it will lose moisture as it cools (Point #15).
If air at 24.2°C and 100% humidity enters an emplacement drift, it wﬂl undergo heating and a
corresponding decrease in humidity (Point #16).

The right hand part of the Figure 3 shows that the moisture in the air decreases from 41.4 g/kg of air
to 21.7 g/kg of air from Point #14 to Point #15. The difference of 19.7 grams of moisture per
kilogram of air would theoretically be deposited along the North Ramp as the air travels down to the
repository level. If the humidity is temporarily increased due to rain fall, it will cause the air
temperature to decrease due to evaporative cooling. Air entering the repository will thus be cooler
and still at 100% humidity. This cooler and humid air could condense moisture in the repository but
the amount it could condense would be reduced from the figure quoted above. However, the
conditions of 35°C (*) and 100% moisture are unlikely to occur because the air is generally hot and
dry in Nevada. Therefore, condensation of moisture in the repository is unlikely.

In all the likely examples given, the air flowing through the repository will tend to adsorb moisture
and dry out the rock mass. Therefore, the repository should become dryer over time.

There will be high humidity when working near the tunnel boring machine (TBM) but this should
be & localized phenomenon. The TBM will generate heat and this heat, combined with the water
used for dust suppression, will make the area around the TBM warm and humid. Ventilation air will
be used to cool the TBM and to moderate the humidity. Additional sources of water such as
scrubbers and dust suppression sprays on conveyots will make the development side of the
repository more humid than the emplacement side. The analysis of relative humidity discussed
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previously should still apply and, therefore, moisture will be removed from the work areas.

The surface air varies between 13 and 71% relative humidity (TBD-240) (4.3.5)." This air will
generally be heated and dried when entering the repository during most of the year, Therefore,
excess humidity should not be a problem for the repository. Since humidity could theoretically vary
- between 0 and 100% and, as this range of humidity will have little or no effect on the repository,

there should be no limit set for humidity. In addition, the effect of humidity is automatically taken
into account by the use of effective temperature. .

7.5  Dust Concentration (Dusts Other Then Si0,)
As per Code 4.4.4, the concentration of dusts will follow the standards of the ACGIH. A

representative sampling of these standards is presented in Table 4 for the dusts, other than SiO,,
which are most likely to be encountered in repository construction and operation.

Table 4
Various Permissible Dust Concentrations
Type of Dust 8 Hour Threshold Limit Value (TLV)
mg/m® (4.1.4)
Aluminum- Welding Fumes 5
Iron Oxide Fume 5
Copper Fume 0.2
Portland Cement (w/no asbestos & < 1% silica) 10
Particulate Not Otherwise Classified (inhalable) 10
Particulate Not Otherwise Classified (respirable) 3
Welding Fumes (not otherwise classified) ' 5

These ACGIH threshold limit values are limits imposed by Department of Energy Order (44.4)and
should therefore be considered absolute limits and should not be exceeded unless workers are
protected. The protection can be achieved by using portable fan units to disperse the fumes away
from the workers and thus dilute the contamination in the general air supply. If fans are impracticat
or dilution would pose a threat to workers downwind from the fans, then the workers could use a
Portable oxygen supply, respirator or work only a short time at their tasks to ensure the time
weighted average threshold limit values are not exceeded,
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7.6  Si0, Concentration

Silica or SiO, is given a separate section in this analysis because of its toxicity and low TLV level
and because of the high percentage of silica in the Paintbrush Tuff (Ref. 5.7, page F1) in which the
repository will be located (Ref. 5.8). The low TLV will require special measures to achieve when
excavating at the repository level. Because of the importance of achieving low levels of silica in the
air, a description of the different forms of silica and its effects on workers is made.

Crystalline silica comes in several forms - among them are Quartz, Tridymite, and Cristobalite (Ref.
5.3, page 89). When small particles of these minerals become trapped in the alveoli in the lungs, the
particles become covered in fibrous tissue and thus reduce overall lung capacity. When lung
capacity has been reduced, the result is the disease silicosis (Ref. 5.3, page 90). Crystalline silica
inhaled in the form of quartz or cristobalite has been identified as carcinogenic to humans (Ref. 5.4).

Standard 4.4.3 sets TLV limits of 0.1 mg/m® for Quartz and 0.05 mg/m* for Cristobalite and
Tridymite. These limits are for the respirable portion of silica. The respirable portion of dust is all
particles smaller than S5pm in size (Ref. 5.3, page 86). Codes 4.4.4 and 4.4.2 indicate that the ACGIH
values will be followed, and thus these limits should be adopted. Therefore, the time weighted
average limits set by the ACGIH are absolute ones and should not be exceeded. If the limits are
being exceeded as a result of some activity, that activity must be shut down or additional engineering
controls provided.

The limits are based upon an 8 hour day, 40 hour week and therefore could be exceeded for a short
period - as long as the average time spent by a worker is below the limit. The composite limit is
modified by the amount of Quartz, Cristobalite, Tridymite, and other respirable dust in the air. The
limits could be further modified if the gradation of the respirable dust is not similar to the “ideal”
distribution given in the ACGIH standard (4.4.3) or if the working day is longer then 8 hours.

The establishment of & limit for silica is further complicated by the difficulty in measuring the
composition of dust. A standard method for collecting respirable dust (Ref. 5.21) is National
Institute for Occupational Safety and Health (NIOSH) Analytical Method 7500 (Ref. 5.32) which
uses a cyclone and filter for sample collection (Ref. 5.27, page 1). The collection point of the
sampler is placed in the breathing zone of a worker. The sample is collected over a complete work
day so it will include the total exposure of the wotker to silica. However, the collected sample is
composed of all respirable sized dust, not just silica. Therefore, the sample must be examined by
X-ray diffraction techniques which requires days to obtain the concentration of silica.

Direct reading instruments (Ref. 5.29, page 2) are available, but these instruments measure total dust
concentration. It is desirable to have the information for silica readily available so that a decision
could be made regarding respiratory protection for the workers. The excavation of the mains and
drifts will be dynamic events and a dust exposure or limit must be found which responds to changing
conditions during excavation. A way to obtain this limit is to develop a value for total respirable
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dust which takes into account the amount of silica found in the Topopah Spring Tuff (TSw2)
formation. :

Reference 5.28, page 5 indicates that the composition of the dust samples will be similar to the
composition of the wall rock which has been excavated. Reference 5.15 shows that the repository
will be located largely in the Topopah Spring lower lithophysal (Tptpll) formation. Borehole data
are summarized in Attachment I and average values of minerals (4.1.7) determined as shown below:

Quartz 15.7% (Q) Tridymite  3.5% (T)
Cristobalite  16.3% © Other 64.5% (0)

Reference 5.28, Table 3 gives different values, but the basis of those values was only seven samples.
The values from Attachment I are based on more data and should therefore be more accurate,

Using the formula for Threshold Limit Value found in Code 4.4.3 and the TLV limits mentioned
above yields the following expression for TLV of the mixture:

nvAvg = 1
(%Q/TLV) + (%C/TLV) + (WT/TLVy) + (%O/TLVy)

.ILVAVG = _ 1 ’ = {0.174 Iﬂgll‘.l‘.‘l3
(0.157/0.1) + (0.163/0.05) + (0.035/0.05) + (0.645/3.0)

This TLV value was calculated using the average values for the concentrations of the minerals.

For crystalline silica the Permissible Exposure Limit (PEI.;) is calculated as shown below (Ref. 5.27):

PELavo= _ 10 me/m? - 10 =0.181 mg/m’®
%Q+ (2 x%C)+(2x %T) 15.7+(2x16.3)+(2x 3.5)

The PEL is & term similar to TLV and has a legal connotation (Ref. 5.3, page 60). The PEL value
is very similar to the average TLV calculated and for purposes of this analysis are considered to be
the same,

In a worst case situation, where all silica was cristobalite and tridymite, the TLV then becomes:

TLVyc= 1 = 0.137 mg/m*
v - (0.355/0.05) + (0.645/3.0) ‘

This analysis proposes & maximum respirable dust composite TLV of 0.15 mg/m® be used as
guidance during excavation. The 0.15 mg/m® is an approximate value based upon the amount of
silica anticipated to be found in the rock excavated for the repository. This value would be modified
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if it is found that the respirable dust produced during excavation contains a different percentage of
silica than mentioned above. It may be advisable to adjust the TLV based upon daily or weekly
sampling conducted during excavation operations as the rock at the repository level is not
homogeneous as shown in Attachment 1.

The amount of respirable dust would be determined by NIOSH Analytical Method 7500 (Ref. 5.32).
This value is different than the set point for direct reading instruments which might be used to
monitor the dust created during excavation. The direct reading instruments measure total dust
concentration or more propetly total small particle concentration. These small particles could
include diesel fumes, water droplets or atmospheric dust (which may not contain silica). The mg/m’
measured by a direct reading instrument could therefore be different then the 0.15 mg/m’ mentioned
above. '

The 0.15 mg/m® value is the average value which a worker can continuously be exposed to for 8
hours without ill effects. This value could be exceeded for part of a day - as long as the average was
not exceeded over the course of a day. It will still be necessary to perform laboratory work on
collected samples to confirm compliance with standards. If this value is consistently exceeded then
additional engineering controls should be implemented to reduce the exposure. A respirator could
be used as a temporary solution to protect the workers until additional controls are put in place,

7.7  Other Contaminant Concentration

Other contaminant concentration means concentrations of gases. As per Code 4.44, the
concentration of gases will follow the standards of the ACGIH. A representative sampling of these
standards is presented in Table 5 for the gases which would most commonly be encountered in
mining applications. Radon is not listed in the table, but it is discussed separately below.because
its permissible exposure is measured differently.
Table 5 ‘
Various Permissible Gas Concentrations

Type of Gas 8 Hour Threshold Limit Value (TLV) mg/m’
. (epm) (4.1.4)
Carbon Menoxide 29025
Carbon Dioxide 9000 (5000)
Nitrogen Dioxide - 5.6(3)
Nitrous Oxide : _ 90 (50)
Ozone (Heavy Work) 0.1(0.05)
Sulfur Dioxide ' 52(2)




Title: Air Quality Control Design Analysis _ Date: 06/09/98
Document Identifier: BCAD00000-01717-0200-00008 Rev. 00 Page: 28 of 50

The ACGIH threshold limit values are imposed by the Department of Energy (4.4.4), and are
therefore considered absolute time weighted average limits, not to be exceeded without protection
for the personnel, ' ‘

Radon is a gas formed from the decay of radium. This gas forms in rock containing radioactive
elements and escapes into the atmosphere thru joints or cracks. Radon is a chemically inert gas but
it decays and produces alpha and beta particles plus gamma-ray activity. The alpha and beta
particles can become trapped in the lungs or throat and cause cancer. Code 4.4.1 indicates that the
maximum radon exposure for personnel is 1.0 working-level (WL) (4.1.14) with a cumulative yearly
exposure of 4 working-level months (WLM) (4.1 -14). A working-level is defined as the
concentration of radon decay products per liter of air which will produce 1.3 x 10° million electron
volts (Ref. 5.3, page 47). Code 4.4.1 indicates that samples for radon must be taken in the exhaust
air stream. If the sample is greater than 0.1 WL, then additional samples must be taken in work
areas. This analysis proposes that the 0.1 WL be considered an action level for the repository and
that the maximum annual exposure allowed be 4 WLM or 0.33 WLM on a monthly basis (4
WLM/12 months). The 0.1 WL action level conforms to the Ventilation SDD requirement (4.2.5).

78  Maintenance of Air Quality Control Limits by Equipment
The maintenance of air quality for gases and dusts can be achieved by (Ref, 5.10):

. Preventing formation at its source

. Preventing dispersal of the dust cloud
. Providing dilution ventilation

. Avoiding the dust

The most practical solution to maintaining gas levels within acceptable limits is dilution. Diesel
exhaust scrubbers could also be employed if diesel equipment is used. Dust can be prevented or
controiled by any of the methods mentioned above. '

The most restrictive TLV is for the respirable fraction of silica dust, and if this limit can be met, al]
other limits for gases and dusts should also be met. Dust is the most widespread contaminant under
normal operations. Other contaminants may pose local problems and these can be controlled at their
point of origin. Therefore, the balance of this section will concentrate on the control of dust.

There are five main sources of dust in the repository:

]

Dust from excavation

Dust due to muck transportation

Dust due to personnel/supply transportation
Atmospheric dust

Recirculation of dust from ventilation ducting
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Each of these dust sources will be discussed in the balance of this section.
7.8.1 Dust from Excavation

Figures 4 and 5 (Ref. 5.17, pages 56 & 57) show two possible schemes for the control of dust
associated with the TBM excavation of an emplacement drift. Both schemes use water sprays at the
TBM to suppress dust formation and prevent its dispersal. A scrubber and fan are provided to funnel
and collect the dust to prevent dispersal of the dust cloud, The exhausting system sends the dust
laden air through a flexible tube to the main drift and thus avoids the drifts’ working areas. The
blowing system brings fresh air to the drift working areas in a tube and the air exhausted flows back
through the drift. The blowing system is preferred as cleaner air is sent to the working areas (Ref,
5.17, page 54) and recirculation of dust laden air can be avoided. '

Attachment II is an illustration of five situations or schemes for TBM ventilation. The purpose of
Attachment I1 is to devise different ways to supply air to.the TBM and to determine which method
produces the least amount of dust in the air at the TBM face. As shown in Attachment II the

blowing system schemes produce a lesser amount of dust at the face. These ventilation situations _

use similar flow rates, scrubber efficiencies, and leakages. The amount of dust produced by the
TBM is the same in all cases. This is done only for comparison purposes as the actual rates,
efficiencies, leakages and dust concentrations may be different. :

The scrubber could include an internal water spray to assist in the removal of dust. Figure 6 is an
illustration of one type of wet scrubber. This type of unit requires less maintenance than most other
dust filters and a respirable dust removal efficiency of 90%+ can be achieved (Ref, 5.20). Asshown
in Figure 7 wet and dry scrubbers are ideal for removing the respirable fraction of dust. As shown
in the figure dry scrubbers provide a somewhat higher efficiency than wet scrubbers. The ventilation
ait must be used several times in different operations and therefore if the dust is not removed, the
total dust load in the air will increase as the air moves from operation to operation. Recirculation
of dust can be avoided by cleaning the air as soon as possible after dust creation.

Surfactant can be added to the water spray to enhance the dust capturing ability of the spray. These
agents reduce water surface tension and thus permit more atomization of the water spray. Surfactant
also coat the dust particle and counteract electrostatic forces permitting more coagulation of the dust
particles (Ref. 5.20, page 793). Organic surfactant should be restricted 43.2).
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Figure 7 also shows that cloth artesters or cloth filters can be ari effective method of controlling dust.
Figure 8 illustrates one type of filter (Ref. 5.20, page 804). This filter does not use water and this
could be an advantage if the supply of water is limited or if the total amount of water introduced into
the repository needs to be controlled. During operation the dust will build up inside the filter
forming a filter cake. The filter cake accomplishes most of the filtering and efficiencies of over 95%
can be achieved.

Tables 6 and 7 illustrate how much respirable dust could be introduced into the ventilation air due
to excavation activities. The tables show two cases using different leakage rates. The tables show
~ respirable dust levels of 0.142 mg/m’ and 0,178 mg/m’. These values should be compared to the
0.15 mg/m’ leve! discussed in Section 7.6. The figures are for illustration purposes only as actual
leakages, scrubber efficiencics, and dust concentrations can be quite different. These tables hightight
the importance of low leakage rates and high scrubber efficiencies. '

Tables 6 and 7 are not meant to show absolute values of respirable dust. The purpose of these tables
is to show that under some conditions the dust concentrations will approach or be higher than the
0.15 mg/m® level and that changes could be warranted in the ventilation system. Curtailing
operations or providing intermediate dust scrubbers are mentioned above. Other ventilation schemes
could decrease the leakage or reduce the amount of dust produced by the TBM by increasing the
amount of dust suppression water.

The dust values shown for the exhaust air in Tables 6 and 7 are slightly higher than they should be.
The air which is used to supply the TBM’s and roadheaders will include dust as part of the air, This'
dust will be partly removed when it is cleaned by the dust scrubber. No credit has been taken for
this removal and thus the exhaust air values are slightly higher (and therefore conservative). The
respirable dust level for the roadheader was chosen to be the same as the TBM. The roadheader dust
level should be more than the TBM because it is a more open piece of equipment. In this instance
equating the roadheader and TBM levels of dust produced does not change the conclusion of the

paragraph below.

Tables 6 and 7 are predicated upon an air flow system similar to Figure 5. A positive pressure
system similar to Figure 4 would cause recirculation of dust. A blowing type system is preferred
as it brings the freshest air to workers at the face (as shown in Attachment II). '

The water spray and scrubber arrangement for the access main TBM will be similar to that shown
in Figure 5. '
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. _ . Table 6"
Amount of Respirable Dust in Ventilation Air @ 15% Leakage®

Source of Dust Volume (m*/sec) | Dust (mg/m*) | Dast (mg/sec)®
Qutside Air® 240 0.01° 2.40
Access Mains 240 0.04* 9.60
TBM#1
Leakage @15%* | 17'x.15=255 - -
- Dust Scrubber 17 - 2.55= 14.45 0.1352 1.95
TBM#2
Leakage @15% 17'x.15=2.55 - —
Dust Scrubber 17- 2.55= 14.45 0.1352 | 1.95
Roadheader
" Leakage@15% | 35'x.15=525° 2.707 1418
Dust Scrubber 35-525=29.75 0.135% 4.02
TOTAL DUST 34.10
Exhaust Air 240 | 0.142 34,10

Notes: 1) Air volumes from 4.1.10.

2) Dust scrubber is 95% efficient. (4.1.13) (2.7 mg/m’® x 5% = 0.135mg/m®)
3) Outside air dust concentration from 4.1.9.
4) Access main dust concentration from 4.1,12.

~ 3) Outside air which has been drawn into the repository.
6) Product of column 2 times column 3.
7) Total respirable dust from 4.1.12.
8) Leakage rate from 4.1.11
9) Leakage which bypasses the roadheader scrubber. A

10) Calculations using a TBM ventilation system similar to Figure S5and a

roadheader ventilation system similar to Figure 10.
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" Table 7

Amount of Respimble Dust in Ventllatlon Air@ 25% Leakage’

Source of Dust ‘Velume (m%sec) { Dust (mg/m?) Dust (mg/sec)’
Outside Air’ 240" 0.013 - 240
Access Mains 240 0.04* 9.60
TBM#1
Leakage @25%" 17" x.25=4.25 -~ —_
Dust Scrubber 17-425=12.75 0.1352 1.72
TBM#2
Leakage @25% 17 x .25=4.25 - -
Dust Scrubber 17-4.25=12.75 0.135 1.72
Roadheader
Leakage @25%° 35'x.25=8.75 2.7 23.63
Dust Scrubber 35 -8.75=26.25 0.135 3.54
TOTAL DUST 42.61
Exhaust Air 240 0.178 42.61

Notes: 1) Air volumes from 4.1.10.
2) Dust scrubber is 95% efficient. (4.1.13) (2.7 mg/m® x 5% = 0. l35mglm’)
3) Outside air dust concentration from 4.1.9.
4) Access main dust concentration from 4.1.12.

5) Outside air which has been drawn into the repository.

6) Product of column 2 times column 3.

7) Total respirable dust from 4.1.12.

8) Leakige rate from 4.1.11

- 9) Leakage which bypasses the roadheader scrubber.
10) Calculation using 2 TBM ventilation system similar to Figure 5 and a
oadheader ventilation system similar to Figure 10.
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In Figure 9 the raise connecting the exhaust main with an emplaceirient drift is shown being reamed.
Water sprays are provided at the cutter head and near the gate regulating muck loading into rail cars.
Brattice cloths are installed to reduce the velocity of the air flow. During construction ventilation
dust will be controlled by local air scrubbers.

Figure 10 shows the roadheader excavating an emplacement turnout. The roadheader will be
equipped with water sprays. Strategically placed brattice clothes and fans will direct the air
- containing dust to dust scrubbers. This activity will take place near the primary access mains and
therefore dilution will also be used to reduce the dust concentration. Figure 11 shows an alternative
dust control scheme. The roadheader is bracketed by barriers to prevent dust dispersal. A tube
between the barriers conveys the majority of ventilation air and keeps this air relatively free of dust.

_Figure 12 (Ref. 5.30, page 48) shows the excavation of & shaft for the repository. Water sprays will
be used extensively to suppress dust formation by the V-mole shaft sinking machine. Ventilation
air will be ducted down the shaft to supply workers in the shaft. The muck pile will not be allowed
to increase until it closes off the raise as this could cause muck to block the raise. A sump is
provided to catch excess water from the muck pile. .

Drilling and blasting may be used for excavation, Drilling and blasting activities can be a major
source of dust creation and this dust must be suppressed. Drilling operations can use both water or

Portable dust collectors could be used to capture the dust after it has been created by blasting.
Section 7.9 discusses administrative controls which could be used to avoid worker exposure to dust.

7.8.2 Dast Due to Muck Transportation

Muck will be transported in the repository via conveyor belt and by railcar (Ref, 5.30, page 49).
Dust can potentially be generated by the transportation system at any point to include: initial loading
point, transfer points, areas of spillage, and by moving the material on the belt or car. Water spray
will be the primary method of dust suppression as it is the easiest and most practical method of
control. Additional mitigation would be to cover the railcars to suppress dust being generated as

they are being transported from the repository.

Muck leaving the face is sprayed with water as it is loaded into rail cars. The muck is again sprayed
with water when it is loaded onto conveyor belts for removal from the repository. Water sprays are
periodically used along the conveyor belt to suppress dust formation as the muck travels out of the
repository. Water sprays will be used before and at transfer stations to reduce dust formation (Ref,
520, pages 794-799) as shown in Figure 13. Transfer stations should have dust collectors to reduce
the amount of dust associated with the transfer operation. If a wet scrubber is used, the dust laden
- water can flow to the waste water collection line. If a dry scrubber is used the dust can be
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transported out of the repository by railcar as opposed to being dumped onto the coﬂveyor belt.
Muck dump points can have portable dust collectors i in addition to water sprays to collect dust
created by the dumping operation.

Railcars will be regularly cleaned to reduce the amount of dust which will collect on the car.
Conveyor belts will be continuously cleaned by belt cleaners after the muck they are lransportmg
is dumped on the surface. The belt cleaner will include a water spray as well as a belt scraping
mechanism to ensure the conveyor belt is cleaned prior to its return to the repository.

Dust will be deposxted in the drifts due to muck splllage and settlement of dust from the air. Periodic
cleaning by vacuurning and washing of drifts and mains is recommended to reduce potential sources
of dust.

7.8.3 Dust Due to Personnel/Supply Transportation

The movement of personnel or supplies by train or simply by personnel walking will cause dust to
become airborne. To reduce the amount of dust stirred up by personnel and supply movements,
periodic cleaning of the access mains and drifts is recommended. Portable dust collectors could be
located at strategic travel points throughout the repository to ensure the maximum amount of dust
is collected.

7.8.4 Atmospheric Dust

Another source of dust will be the ambient conditions found at the site. Reference 5.16, page 12
shows that dust concentrations as high as 0.15 mg/m® (4.1.9) were experienced near the repository
during the period 1989 to 1996. This dust will be sucked into the repository through the ventilation
system, contributing to the dust load in the access mains. To reduce this dust a filtering system
could be considered at the intake of ventilation air at the North Portal (Ref. 5.17, page 85) as shown
in Figure 14. It would be impractical and expensive to remove all atmospheric dust. However, a
series of coarse filters could remove a portion of the dust. The filters will also remove most of the
pollen in the air along with the dust. The filter would only be activated during periods of high dust,
such as wind storms. A recommendation for intake air dust filtration is outside the scope of this
analysis but it should be considered when more information becomes available about the silica
content of atmospheric dust.

An alternative proposal would be the periodic vacuuming or washing of the emplacement side to
remove the atmospheric dust and pollen which enters the repository through the ventilation system.
! S .
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7.8.5 Recirculation of Dist from Ventilation Ducting

As shown in Attachment 11, there can be recirculation of dust depending upon which ventilation
scheme is chosen. .Dust recirculation is caused when dust laden air being removed from a working
arca leaks and retumns to the working area and thus must be removed again. The dust is typically

force to move the dust laden air, The fan produces a pressure differential between the inside and.
outside of the duct and this pressure differential causes the leakage of dust. The differential is
greatest around the fan, is both positive and negative in sign, and depends upon the direction the air
is being moved.

Dust leakage rates and recirculation potential are greater in metal ducting versus flexible tubing (Ref.
5.17, page 58) because of the number of joints and the inflexibility of ducting compared to flexible
tubing. Recirculation of the air increases costs as the air must be handled by the same equipment
more than once. Air with recirculating dust is of poorer quality than air with no recirculation as
shown in Attachment II.

Recirculation of dust can be reduced by choosing a blowing system of ventilation (instead of an
exhausting system), reducing leakage rates by well maintained ducting, and intermediate stages of
dust scrubbers. These intermediate stages could be in-line with the ducting or set parallel in the
mains,

7.9  Mazintenance of Air Quttlity by Operating Mode

‘The preceding section discussed the maintenance of air quality by using equipment to obtain low
levels of dusts and gases. This section will discuss how different operating modes can achieve the
same result. For example, blasting could be accomplished during an off-shift to ensure that the
noxious (and toxic) fumes produced do not affect workers in the repository (assuming that drilling
and blasting can be used for construction). If blasting is performed, adequate time must be allowed
for fumes to exit from the repository. Water sprays will be needed to suppress fine dust created by
the blast and for dust suppression during removal of the broken rock.

The preceding sections have primari y discussed air quality during construction activities as these
activities will most likely degrade air quality. The repository will also have emplacement operations,
Construction activities are required to be performed expeditiously to maintain cost and schedule
goals. Emplacement activities have more latitude in their exact mode or method of operation. This
analysis will not recommend methods of operation for the repository, such as periodic vacuuming
or cleaning, as this is the purview of other analyses,

Some emplacement operations are to conducted remotely (Ref. 5.18, page 66) and thus issues of air
quality for personnel protection become moot. Construction activities cannot be conducted remotely
and thus will be required to maintain air quality at an acceptable level whenever workers are present.
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An acceptable level means that the TLVs for dusts and gases are not exceeded. To maintain this
level at all times will be difficult because of the low TLV for SiO, and because construction
activities (TBM and roadheader excavation) can generate large amounts of dust. The dust will settle
from the air stream and thus create the potential for more dust when it is disturbed. It would
therefore be prudent to keep the access mains and air weys as free of dust as possible - perhaps by
periodic cleaning or vacuuming of the mains.

7.10 Effect of Air Quality Degradation in Normal and Abnormal Situations

Air quality may be degraded during the course of emplacement and development operations. These
degradations could occur because of normal or abnormal situations. In these instances the air quality
is degraded by going beyond limits which have been mentioned in other sections of this report. In
general when an air quality level has been degraded during normal operations, work should stop and
the immediate work area should be vacated until the air quality improves or else some form of
worker protection must be provided (4.2.1). The nature of the degradation will vary but the effect
of the degradation is expected to be temporary in nature because the air supply is continuously
renewed by ventilation fans.

Air quality degradation caused by abnormal events can be much more serious because they are
unplanned. The most probable abnormal events which could affect air quality are:

. Fire or smoke

. Fan stoppage

. Access main blockage

) Ventilation duct damage

The possible release of nuclear contaminants would be on this list but this scenario is not in the
scope of this analysis.

The repository will have limited avenues of ingress and egress and the ventilation system will
continuously operate. The overall repository ventilation system does not recirculate the air and
therefore combustion products can be carried far from their point of origin to degrade air quality.
Air quality can be degraded because fires consume oxygen and produce carbon monoxide plus other
noxious gases. These factors make occurrences of fire or smoke very serious events. A complete
description of the fire protection scheme for the repository is outside the scope of this analysis, but
in general the following sequence of events is likely (Ref. 5.12, page 55):

1) A fire event is detected - either by sensors or by workers.
2) An alarm is given.
a) All workers evacuate the repository.*
b) All workers use their self-rescuer.
¢) Fire doors close and the main fan slows down or stops to limit the spread of smoke.
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3) The fire could be fought b afi internal fire extinguisher or by a fire fighting crew which would
go into the repository to the source of the fire, -

4) After the fire is extinguished the combustion products are allowed to clear the repository .

5) Workers can then return to their jobs after repository is deemed safe to enter.

¥ Workers unable to evacuate should report to the refuge chambers in varjous locations about the
repository. :

In the event of a fan stoppage or an access main blockage the repository would only be evacuated
if directed by the repository operations menager. The repository operations manager will be
responsible for determining how long the evacuation will last, A fan stoppage or blockage would
reduce the flow of air (and oxygen) to the workers. However, it will take some time before the
oxygen level is reduced to the 19.5% value discussed in Section 7.2 and therefore evacuation of the
repository should not be automatic. However, all work should cease until the stoppage or blockage
is corrected. '

Damage to ventilation ducting could occur because of blasting or an accident involving equipment.
Damage to ventilation ducting could stop the flow of ventilation gir to the repository. The response
should be the same as a fan stoppage, to cease all work until the ducting is repaired.

Damage resulting from a fire would be concentrated in the area of the fire. This damage could
include: loss of equipment, rock support weakening, ventilation tube destruction, and discoloration
from smoke. This damage could be expensive to repair but should have no long-team effects on the
repository. The most severe consequence. from a fire would be the distribution of partially
combusted particles through the Mains and Ramps. These particles would have an unknown effect
on the repository over its lifetime.
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8. CONCLUSIONS

The oxygen content of the air should not be less then 19.5% by volume. This is an absolute limit
and all work must stop in an area if the oxygen level goes below this value. An action level of
20.25% oxygen is recommended to ensure that the 19.5% level is not reached. The maximum
effective temperature should not exceed 25°C (TBV-321).. The 25°C (TBV-321) is an operating
temperature and could be exceeded provided appropriate safety and health precautions are taken.
A recommendation for a lower temperature limit is not made. A recommendation is made for a
maximum dry-bulb limit of 48°C (TBV-321). The humidity could vary between 0 and 100% and not
adversely impact the workers in the repository. For dusts other than silica (Section 7.4) and for gases
other then oxygen (Section 7.6) recommendations of the ACGIH are followed and are listed in their
respective sections. .

Guidance is suggested for respirable dust. The approximate maximum concentration for respirable
dust is 0.15 mg/m’ and this time weighted average value should not be exceeded. This value was
based on the mmeraloglcal content of the rock, which could be different than the mmeraloglcal
content collected by air sampling. This vatue is for respirable dust as determined in NIOSH
Analytical Method 7500.

Dust generated due to excavations, muck transport, personnel transportation, atmospheric dust, and
recirculation can be moderated by the use of engineering controls. These controls include: water
sprays, scrubbers, surfactants, and dilution. The repository should rely upon periodic cleaning of
the drifts to maintain air quality within acceptable limits. Both dry and wet scrubbers could be used
and would give similar dust collection efficiency, but dry scrubbers can provide somewhat higher
efficiency. A blowing type air system (Figure 5) is recommended as it produces less dust at the
working face than the exhausting system (Figure 4). Leakage of dust from ventilation ducting and
the recirculation of this dust can be a problem but it can be reduced by installation of additional air
scrubbers in the mains. An intake filter at the North Portal could reduce the amount of atmospheric
dust which enters the repository - especially during windy conditions on the surface.

Worker exposure to poor air quality can be affected by the way operations are conducted. Workers
can be protected, for example, by blasting during an off shift.

Some information in this analysis required a TBV or TBD label. The eventual determination of
these TBV or TBD values may change the numbers cited in this analysis but should not change the
overall conclusion of the analysis. Many Dmgn Parameters and Design Inputs did not require
confirmation as they were used for comparison purposes in the analysis and will not be used for
procurement, fabritation or construction. .

This analysis mentioned other analyses which should be performed at a later time. These analyses
are: expected rock temperature in the repository after emplacement, air filter at the North Portal,
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repository operations analysis, and repository fire protection stheine .
| 9. ATTACHMENTS

Attachment I (1 page): Summary of Minerals from Borehole Data
Attachment II (2 pages): Dust Concentrations for Five Ventilation Situations
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. Attachmeit I - Summary of Minerals frori Four Boreholes

Borehole  Depth(m)  %Tridymite %Quartz %Cristobalite %Other

USWG-4 249 - 25 7 68
(from core) 284.7 8 16 : 11 65
312.7 , 5 9 20 66
3319 16 12 ' 10 62
340.5 - 16 . 14 70
USW H-3 268.2 - 29 3 68
(romdrill  286.5 - 14 - 16 70
cuttings) 304.8 . 4 - 23 - 73
317 - 3 24 - 73
USWH-5 3536 - 26 10 64
(fromcore  368.8 3 22 1 64
and cuttings) 378.0 - 7 23 70
396.2 - 10 18 72
414.5 3 15 16 66
423.7 - 15 20 65
USWSD-12 246.1 3 10 27 60
(fromcore) 253.5 3 33 6 58
260.2 14 13 16 57
268.7 3 23 17 57
2754 4 12 25 59
283.5 7 24 10 59
291.1 4 16 22 58
298.7 3 11 26 60
Average 348 15.70 16.30
Use 35 15.7 16.3 64.5

These averages were developed using the data points from four boreholes (4.1.7). As a check on the

values for Cristobalite and Tridymite a summary was made for all mineralogical data between the

elevations of 1000m and 1100m (Ref. 5.31). This information contained data from boreholes both

inside and outside the repository block. Values of 15.10% and 2.85% (4.1.7) were developed for

Cristobalite and Tridymite, respectwely Since the values are similar to the averages calculated
“above for four boreholes, it is concluded that the above average values are reasonable.

)
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Attachment If -Duast Concentrations for Five Ventilation Situations

Figure II-1 shows five ventilation situations or schemes for suppling air to the TBM. The amount
of air supplied to the TBM is from 4.1.10. The value of 17 m¥sec includes all leakages and losses.
This value remains constant in all the situations. The TBM ventilation air is supplemented or
reduced depending upon the location of the fan. A leakage rate of 25% was chosen for all examples
(4.1.11). Dust concentrations are from 4.1.12. Scrubber efficiency was set at 90% (4.1.13)

The purpose of Figure II-1 is not to provide absolute data for the vénﬁlaﬁon situations but to provide
a comparison between the schemes. The figure shows that the blowing system provides better
quality air to the working face than other systems. :

General Notes:

1) 17 m*/sec x 25% = 4.25 m*/sec (leakage), 17 - 4.25 = 12.75 (volume to TBM).

2) Dust @ 2.7 mg/m® x 10% = 0.27 mg/m’ (concentration of dust in the air after it has been
scrubbed) with a scrubber efficiency of 90%.

3) Dust concentrations will be given at the working face and just before the drift ventilation air
returns to the Main. In the Access Main, dust in this air will be diluted.

4) Minimum quantity of ventilation air in an emplacement drift =
T X (5.5m)/4 x 0.51 m/sec (100 fifmin)(4.3.1) = 12.1 m¥sec say 12 m¥/sec.

5) Recirculating load of dust is the summation of the series-
0.27(.1) + 0.27(.01) + 0.27(.001) + ... = 0.03 '
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