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The purpose of these calculations is to determine Potential to Emit (PTE) emission levels for all
regulated air pollutants, including fugitive emissions, for the proposed Oracle Ridge Mine (ORM) in
support of an air quality permit submittal to the Pima County Department of Environmental Quality
(PDEQ). ORM is comprised of two (2) separate facilities the ORMMine Facility and the ORM Tailings
Facility. Although separated by approximately two (2) miles, the two facilities are included in a single
PDEQ air permit per discussions with PDEQ personnel (ref. 1).

The mine is located in the Old Hat Mining District at Marble Mountain in northern Pima County,
Arizona. Emission calculations, included herein, pertain to ORM proposed unit operations for recovery
of the copper along with gold and silver. Magnetite mineralization is also anticipated; however, the
proposed facility does not include magnetite processing at this time. That is, metallurgical testing is
required in order to determine if the magnetite is economically feasible for recovery. Therefore ORM
magnetite processes remain a consideration for future ORM operations.

ORM facility will average 2,000 tons per day (tpd) ore production and processing annually; however,
equipment design capacity provides for an occasional peak ore production rate of 4,000 tpd.
Operations include an underground Raw Ore Feed System for transport of mined ore from various
underground locations to a Feed Hopper that is located underground. Ore material is then fed to an
underground Grizzly Feeder to facilitate movement of ore material to a Rock Breaker and Primary Jaw
Crusher that are both located underground. Crushed ore material is then conveyed to the surface for
storage and further processing, above ground, including additional ore size reductions by use of a Semi
Autogenous (SAG) Mill and a Ball Mill. The finely divided ore particels of interest are separated from
the waste rock and concentrated in a liquid medium by active flotation, then cleaned, thickened,
filtered and dried prior to shipment as product concentrate to a refinery.

Power for the proposed ORM facilites is provided by off site utility source from nearby San Manuel or
Summerhaven. However, the proposed ORM facility includes a 1500 KW emergency generator. The on
site generators include annual operating hour limitation of 100 hrs/yr to accomodate maintenance
checks and readiness testing.

Although ORM will annually average 2,000 STPD for ore crushing and processing, PTE calculations are
based on the maximum crushing and concentrator plant process design capacity of 3,000 STPD and
8,760 operating hours per year.
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100
200
300
400
410
420
430
440
500
700
800
900

ORMMine Facility Process Functional Area DesignationArea Prefix
Crushing and Material Handling
Grinding Circuit

Tailings Thickener/Filtration Circuit

Flotation Reagents & Milk of Lime Circuits

Flash Flotation Circuit
Cu Rougher/Scavenger Flotation Circuit

The following diagram represents an overview of the proposed mine operations:

Cu 1st Cleaner Flotation Circuit
Cu 1st Cleaner/Scavenger Flotation Circuit
Cu 2nd Cleaner Flotation Circuit
Cu Thickener/Filtration Circuit
Re grind Ball Mill Grinding Circuit

Water Systems: Fresh Water, Reclaim, Firewater, Potable Water, Air Systems

The proposed ORM mine facility includes assigned functional areas (ref. 2), listed below. The functional
area prefix is used in this document as the prefix for emission point labeling in the emission
calculations in this Determination of Emissions document.
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II. REFERENCES

1

2

3

4

5

6

7

8

9
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12 Pima County State Implementation Plan (SIP) 171 (C)(2)(a).

Oracle Ridge Mine, Process Description Revision 8, dated 10/6/11.

Oracle Ridge Mining, LLC, Grinding Flowsheet, Mass Balance Table, Drawing No. 11005 F 02 (Rev G),
September 13, 2011.

Oracle Ridge Mine, Material Safety Data Sheets (MSDS) Aerofroth 70 Frother, Sodium Isopropyl
Xanthate (NAX 31), DAF 30, Limate, and Sodium Hydrosulfide PTE Calculations Appendix G.

Commonwealth of Australia, National Pollutant Inventory (NPI), Emission Estimation Technique
Manual For Mining, Version 3.0, Section 5.7 Carbon Disulfide, June 2011.

U.S. EPA White Paper, dated 7/10/95.

Oracle Ridge Mine / Air Quality Permit Pre Application Meeting Minutes, 5/3/11, PDEQ offices,
Tucson, Arizona and Project Email Correspondence, PDEQ, 5/5/11.

National Climatic Data Center (NCDC) U.S. Department of Commerce.

USEPA, 1986. Generalized Particle Size Distributions for Use in Preparing Size Specific Particulate
Emissions Inventories , EPA 450/4 86 013, July.

MRI, 2006. Background Document for Revisions to Fine Ratios Used for AP 42 Fugitive Emission
Factors , prepared for the WRAP by Midwest Research Institute, Feb. 1.

Email Correspondence, Gold Hawlk Resources, 5/27/11, 8/30/11, 8/31/11, and 9/1/11.

Feasibility Design Report, Dry Filter Tailings Stack Facility Oracle Ridge Copper Project, prepared by
AB Engineering, Inc., July 2011.
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III. FACILITY EMISSIONS SUMMARY

OPERATING PARAMETERS
EMISSION SOURCE MAXIMUM CAPACITY ANNUAL OPERATION
Concentrator Plant Ore Process Rate 3,000 STPD <Proposed Permit Limit 365 days/yr
Conveyor Transfer Points and Drop Points 500 STPH (Conveyor maximum design capaity)
Mik of Lime Storage System 274 tpy (hydrated lime) 365 days/yr
Emergency Diesel Powered Generator 1500 kW Proposed Permit Limit> 100 hrs/yr
Emergency Fire Pump Engine 86 kW Proposed Permit Limit> 100 hrs/yr
Fuel Tanks (combined) 20,000 gallons (combined) 8,760 hrs/yr
Tailings Facility Production Rate 2,000 tpd 365 days/yr
Concentrator Plant Hours of Operation 8,760 hrs/yr
Sodium Hydrosulfide Reagent Usage 219,000 lbs/year <Proposed Permit Limit 365 days/yr
Concentrator Reagents (MIBC & AERO 343 Xanthate) 146,730 lbs/year <Proposed Permit Limit 365 days/yr
Unpaved Roads Heavy Duty Vehicles 788,022 VMT/yr
Unpaved Roads Light Duty Vehicles 186,150 VMT/yr

FACILITY ANNUAL PTE EMISSIONS (Fugitive and Non Fugitive Emission Sources)1

TSP PM10 CO NOX SO2 VOC H2S HAP
EMISSION SOURCE (tpy) (tpy) (tpy) (tpy) (tpy) (tpy) (tpy) (tpy)

12.91 12.91
Milk of Lime Silo Filter Vent 6.92 6.92
Emergency Fire Pump Engine 0.02 0.02 0.06 0.27 0.02 0.02 2.36E 04
Emergency Generator 0.05 0.04 0.56 2.46 0.04 0.06 3.12E 03
Fuel Tanks (combined) 2.18
Tailings Facility Fugitive Dust 2.29 1.47
Concentrator Plant (Reagents) 31.76 9.6
Xanthate Bag Breaker Vent Emissions 0.42 0.42
Xanthate Tailings Dam HAP Emissions 2.11E 02
Unpaved Roads Heavy Duty Vehicles 32 10
Unpaved Roads Light Duty Vehicles 4 1

FACILITY TOTALS(1) = 59 33 0.62 2.74 0.06 34.0 2.44E 02

(1) Construction fugitive dust emissions are included; however, annualized emissions are not shown above due to limited activity durations.

FACILITY ANNUAL PTE EMISSIONS (for Source Classification Determinations)
TSP PM10 CO NO x SO2 VOC H2S HAP

EMISSION SOURCE (tpy) (tpy) (tpy) (tpy) (tpy) (tpy) (tpy) (tpy)
Milk of Lime Silo Filter Vent 6.92 6.92

12.91 12.91
Tailings Facility Fugitive Dust 2.29 1.47
Emergency Fire Pump Engine 0.02 0.02 0.06 0.27 0.02 0.02 2.36E 04
Emergency Generator 0.05 0.04 0.56 2.46 0.04 0.06 3.12E 03
Fuel Tanks (combined) 2.18
Concentrator Plant (Reagents) 31.76 9.6
Xanthate Bag Breaker Vent Emissions 0.42 0.42

36.20 11.08

Facility PTE Totals per Pima County SIP = 58.8 32.9 0.6 2.7 0.1 34.0 9.6 3.36E 03
Pima County SIP Major Source Thresholds = 100 100 100 100 100 100 100 100

Facility PTE Totals per Pima County Code = 7.4 7.4 0.6 2.7 0.1 34.0 9.6 3.36E 03
Pima County Class II Permit Thresholds = 25 15 100 40 40 40 10 25

Unpaved Roadway Fugitive Emissions

Conveyor Transfer Points and Drop Points

Conveyor Transfer Points and Drop Points
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DAILY PTE EMISSIONS (Fugitive and Non Fugitive Emission Sources)
TSP PM10 CO NO x SO2 VOC H2S HAP

EMISSION SOURCE (lbs/day) (lbs/day) (lbs/day) (lbs/day) (lbs/day) (lbs/day) (lbs/day) (lbs/day)
Conveyor Transfer Points and Drop Points 71 71
Milk of Lime Silo Filter Vent 5.42 5.42
Emergency Fire Pump Engine 9.3 9.3 28.4 132 8.7 9.8 1.13E 01
Emergency Generator 24.0 19.6 270.7 1,181 19.9 30.5 1.5E+00
Fuel Tanks (combined) 11.96
Tailings Facility Fugitive Dust 12.57 8.06
Concentrator Plant (Reagents) 174 52.56
Xanthate Bag Breaker Vent Emissions 0.3 0.3
Xanthate Tailings Dam HAP Emissions 1.15E 01
Unpaved Roads Heavy Duty Vehicles 175 53
Unpaved Roads Light Duty Vehicles 24 7

FACILITY TOTALS = 321 174 299 1,313 29 226 53 1.73
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7 Pima County SIP, Rule 202, Installation Permits.
8 Pima County SIP, Rule 211, Permit Applications.
9
10
11
12
13
14
15 Pima County SIP, Rule 601, Classification of Pollutants.
16

Pollutant Threshold Emissions Rate (tons per year)
Carbon Monoxide 100 tpy
Nitrogen Oxides 40 tpy
Sulfur Dioxide 40 tpy
Particulate matter 25 tpy
PM10 15 tpy
VOC 40 tpy
Lead 0.6 tpy
Fluorides 3 tpy
Sulfuric acid mist 7 tpy
Hydrogen sulfide (H2S) 10 tpy
Total reduced sulfur (including H2S) 10 tpy
Reduced sulfur compounds (including H2S) 10 tpy

DETERMINATION OF POTENTIAL TO EMIT (PTE)
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New Source Performance Standards (NSPS), 40 CFR Part 60, Subpart LL, Standards of Performance for Metallic
Mineral Processing Plants.

Pima County SIP, Rule 224, Fugitive Dust Producing Activities.

Pima County SIP, Rule 334, Petroleum Liquids.

PCC Title 17, Chapter 17.04.340(212)(a) Significant" means: In reference to a net emissions increase or the
potential of a source to emit any of the following pollutants, a rate of emissions that would equal or exceed any
of the following rates:

New Source Performance Standards for Hazardous Air Pollutants (NESHAPS), 40 CFR Part 63, Subpart RRRRR (Ore
Processing MACT).
40 CFR Part 60, Subpart IIII, Compression Ignition Internal Combustion Engines.

40 CFR Part 63, Subpart CCCCCC, Gasoline Storage and Dispensing.

40 CFR Part 63, Subpart ZZZZ, Compression Ignition Internal Combustion Engines; however, the engines meet the
requirements of Subpart ZZZZ through 40 CFR 60, Subpart IIII.

Pima County SIP, Rule 341, Applicability of Ambient Air Quality Standards (NAAQS).
Pima County SIP, Rule 342, Mass Concentration Ceilings, Table 341.

Pima County SIP, Rule 316, Particulate Materials.
Pima County SIP, Rule 332, Compilation of Mass Rates and Concentrations.
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IV. CRITERIA, CODES AND STANDARDS cont'd
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

V. ASSUMPTIONS
1

3

4

5

6

7

8

9

10

PCC Title 17, Chapter 17.16.360, Standards of Performance for Nonferrous Metals Industry Sources.

PCC Title 17, Chapter 17.16.060, Fugitive Dust Producing Activities.
PCC Title 17, Chapter 17.16.100, Particulate Materials.
PCC Title 17, Chapter 17.16.120, Mineral Tailings.
PCC Title 17, Chapter 17.16.130, NSPS Applicability.
PCC Title 17, Chapter 17.16.140, Compilation of Mass Rates and Concentrations.
PCC Title 17, Chapter 17.16.230, Standards of Performance for Storage Vessels for Petroleum Liquids.

PCC Title 17, Chapter 17.12.470, Fugitive Dust Activity Permits.

PCC Title 17, Chapter 17.12.140 (Note: Class II permit applies if subject to a federal new source standard).
PCC Title 17, Chapter 17.12.160/165/180/185 (PDEQ Permit application requirements).

PCC Title 17, Chapter 17.12.195 (conditions for acceptance of an emission cap to be classified as Class II).

PCC Title 17, Chapter 17.16.430, Standards of Performance for unclassified sources.

Maximum ore Crushing Circuit flowrate is 500 short tons per hour (STPH) and is based on the maximum design
capacity of the Radial Stacking Conveyor (Equipment ID# 100 CV 04) that feeds ore to the Crushed Ore Bunkers
(Equipment ID#'s 100 BK 01, 100 BK 02, and 100 BK 03).

PCC Title 17, Chapter 17.12.190, Permits containing synthetic emission limitations and standards.

PCC Title 17, Chapter 17.12.310, Permit Shields.

PCC Title 17, Chapter 17.04.340(A)(114), Insignificant Activities.

Dry stack tonnage = 700,000 tons per year (tpy).

Tailings production = 2,000 tpd.

Maximum non emergengy hours of operation for Fire Pump Engine and Emergency Generator =100 hours per
year for each engine (Proposed Permit Limits).

Mining operating days per year = 365.

Mining operating hours per year = 8,760 hrs/yr.

Mining operating days per week = 7 and mining operating weeks per year = 52.

Maximum ore flowrate from the Crushed Ore Bins through ore processing in the Concentrator Plant is3,000 STPD
(Proposed Permit Limit) with compliance demonstration by use of Belt Scale records (Equipment ID# 200 SC 01).

Maximum ore flowrate from the Crushed Ore Bins through ore processing in the Concentrator Plant is150
standard short tons per hour (STPH) and 3000 standard short tons per day (STPD).
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Data Description Data Value Units Ref. No.

3,000 tpd 6

2,000 tpd 2

Annual hours of operation for calculating potential to emit (PTE) 8,760 hrs/yr 12

4.1 5.5 % 11

8.3 mph 3

2 shifts/day 6

10 hours/shift 6

365 days/year 6

365 days/year 7

2,000 tpd 7

700,000 tpy 7

10 to 20 % 7

950,000 tons 7

15 ft 7

80 % 7

44 days/year 3
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Tailings Facility Perimeter Access Road, minimum width

Percent coverage of the "Active Tailings Surfaces" for mitigation of fugitive

Number of Days with at least 0.01" precipitation (Tucson, AZ)

Hours of crushing operations per shift

Mining operations, Concentrator Plant number of days per year

Tailings production rate

Dry Filter Tailings Material Moisture Content

Amount of "Existing" on site Tailing Materials

Tailings Facility Dry Stack Tonnage

Tailings Facility Annual Operating Days

Mine Facility maximum ore processing design capacity (tons per day)

Annual average ore processing design rate (tpd)

Ore material percent moisture prior to SAG Mill

Average wind speed (miles per hour)

Ore crushing operating schedule, number of shifts (Mine Facility)
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4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
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22
23
24
25
26
27

DETERMINATION OF POTENTIAL TO EMIT (PTE)

The following sections provide the ORM Facility estimated potential to emit (PTE) for both stationary and fugitive emission sources.
Federal regulations define "potential to emit" as: “the maximum capacity of a stationary source to emit a pollutant under its physical and
operational design. Any physical or operational limitation on the capacity of the source to emit a pollutant, including air pollution control
equipment and restrictions on hours of operation or on the type or amount of fuel combusted, stored or processed, shall be treated as
part of its design if the limitation or the effect it would have on emissions is federally enforceable.”

A major stationary source of air pollutants as defined in Section 302 of the U.S. Claen Air Act (the Act) that directly emits or has the
potential to emit, 100 tons per year (tpy) or more of any pollutant; 10 tpy or more of any hazardous air pollutant (HAP) in the aggregate
that has been listed pursuant to Section 112(b) of the Act; or 25 tpy or more of any combination of HAP. Section 302 of the Act indicated
that fugitive emissions of a stationary source shall not be considered in determining whether it is a major stationary source for the
purposes of Section 302(j) of the Act, unless the source belongs to one of the following categories of stationary source (i.e., Categorical
Source):

Municipal incinerators capable of charging more than 250 tons of refuse per day;
Hydrofluoric, sulfuric, or nitric acid plants;

Coal cleaning plants (with thermal dryers);
Kraft pulp mills;
Portland cement plants;
Primary zinc smelters;

Chemical process plants;
Fossil fuel boilers (or combination thereof) totaling more than 250 million British thermal units per

Iron and steel mills;
Primary aluminum ore reduction plants;
Primary copper smelters;

Petroleum refineries;
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Phosphate rock processing plants;
Coke oven batteries;

Petroleum storage and transfer units with a total storage capacity exceeding 3 million barrels;

Glass fiber processing plants;
Charcol production plants;
Fossil fuel fired steam electric plants of more than 250 MMBtu/hr heat input; or

Lime plants;

Sulfur recovery plants;
Carbon black plants (furnace process);
Primary lead smelters;
Fuel conversion plants;
Sintering plants;

Taconite ore processing plants;

Secondary metal production plants;

All other stationary source categories regulated by a standard promulgated under Section 111 or 112
of the Act, but only with respect to those air pollutants that have been regulated for that category.

The ORM Facility does not include smelting operations and is not a Category Source; therefore, only non fugitive emissions are used for
souce determination in accordance with Pima County Code (PCC), Title 17. However, potential to emit (PTE) totals in this permit
application are summarized both with and without fugitive emissions in order to demonstrate Class II Source applicability with both Pima
County Code and Pima County State Implementation Plan (SIP) 171 (C)(2)(a).
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A. Conveyor Transfer Points (PTE)

Process Description (Transfer Points and Drop Points)

Figure 1: Ore Crushing Circuit Transfer and Drop Points

The Oracle Ridge Crushing Circuit will consist of a single stage Primary Jaw Crushing System located underground. Ore from the
underground Jaw Crushing System is conveyed to the surface and transferred to the Crushed Ore Bin Feed/Tripper Conveyor (Equipment
ID# 100 CV 03). Ore is then transfered to Crushed Ore Bins, one bin at any given a time, through a tripper mechanism built into the
Crushed Ore Bin Feed/Tripper Conveyor. The Crushed Ore Bins each have a 10,000 ton holding capacity (See Figure 1). The Crushed Ore
Bins provide storage capacity should underground crushing operations be down for routine maintenance as the downstream operations
could continue at the ore processing design rate is 150 STPH.

The Crushed Ore Bins dispense ore (i.e. Drop Points) to Aprin Feeders (Equipment ID #s 100 BK 01, 100 BK 02, and 100 BK 03) which then
transfer ore to the Reclaim Tunnel Conveyor (Equipment ID# 100 CV 05). The Reclaim Tunnel Conveyor transfers ore to the SAG Mill Feed
Conveyor (Equipment ID# 200 CV 01) which then transfers ore to the SAG Mill Feed Chute (Equipment ID# 200 HP 01).

Transfer Point, 500 STPH

Transfer Point via Tripper
Shute, 500 STPH to one (1)
Crushed Ore Bin at any given
time.

Transfer Point, 150 STPH

Transfer Point, 150 STPH

Three (3) Drop Points, (150 ÷ 3) = 50 STPH each

Three (3) Transfer Points
(150 ÷ 3) = 50 STPH each
or one (1) equivalent transfer
point at 150 STPH

Three Drop Points
(500 ÷ 3) = 167 STPH each
or one (1) equivalent drop
point at 500 STPH
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Conveyor Transfer Points (PTE) Cont'd

Process Description (Ore Circulating Load)

Circulating Load Calculations
New Ore Feed = 150 STPH (Streem 111)

Percent Circulating Load = 250.17%
Feed to Ball Mill Circuit = (150 STPH) + (250% x 150 STPH) = 525.3 STPH

(150 2.3) + (2.5017) x (150 2.3) = 517.2 STPH (Stream 216)
so, Feed to the Cyclone Circuit = 517.2 STPH; Cyclone Overflow from Cyclone Circuit = 147.8 STPH (Stream 218)

Cyclone Underflow to the Ball Mill = 517.2 147.8 = 369.4 STPH (Stream 204); therefore,
Ball Mill Discharge = 369.4 STPH (Stream 207) and Flash Flotation Feed = 369.4 STPH (Stream 210)

Figure 2: Ore Circulating Load

This process description is provided to explain Concentrator Building ore flowrates (i.e., solids, tph) that appear to be in excess of the
accepted limit of 150 tph (See Figure 2). The following description serves to illustrate how these ore process flow rates shown in the mass
balance details on Drawing No. 11005 F 02 (Rev G) and in Figure 2 are consistent with the proposed ore processing limitation and do not
impact the reagent demand rate that is based on the accepted ore processing limit of 150 tph.

The circulating load of the ore is in the Ball Mill Circuit (i.e. Ball Mill, Pumps, Cyclone Circuit) and is calculated as 250.17% of the new ore
feed (i.e. 150 STPH) that enters the Ball Mill Circuit. This circulating load occurs because the Ball Mill can not grind the incoming ore
(Particle size of P80 = ½") to the necessary design particle size of P80 = 100 mesh in a single pass thru the Ball Mill; therefore a circulating
load of ore is required to achieve the design particle size. The calculations that support this circulating load and provide documentation for
the mass balance illustrated on Drawing No. 11005 F 02 (Rev G) and highlighted in yellow shown in Figure 2 are as follows:

Note: This is under standard operating conditions; however, there is a Flash Flotation Cell in the circuit that removes 2.3 STPH (Stream
217). Therefore, the revised flow to the Ball Mill Circuit becomes:

ESSENTIALLY, 150 STPH OF ORE GOES INTO THE BALL MILL CIRCUIT AND 147.7 STPH + 2.3 STPH = 150
STPH LEAVES THE BALL MILL CIRCUIT.
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Conveyor Transfer Points (PTE) Cont'd

Transfer Point Emission Calculation Methodology:

NOTE:

E [ (365 P) ÷ 365] , Equation (2) from WRAP Fugitive Dust Handbook
where,

Eext =
E = EF =

P =
P = 44 days/year

so, the AP42 emission factor correction for natural mitigation = (365 44) ÷ 365 = 0.88 (dimensionless)

Transfer Points Emission Calculation Parameters:
(2 shifts/day) x (10 hours/shift) x (365 days/year) = 7300 hrs/yr; however, no limt requested. So,

8760 hrs/yr
Design Capacity Limit Prior to Bins = 500 STPH

No. of Transfer Points at 500 STPH = 2

Design Limit After Crushed Ore Bins = 150 STPH

No. of Transfer Points at 150 STPH = 2

No. of Transfer Points at 50 STPH = 3

Material Flowrates Prior to Crushed Ore Bins
(500 tons/hour) x (8,760 hours/year)

4,380,000 tpy

Material Flowrates After to Crushed Ore Bins
(150 tons/hour) x (8,760 hours/year)

1,314,000 tpy

Material Flowrate per Crushed Ore Bin
(50 tons/hour) x (8,760 hours/year)

438,000 tpy

PTE Conveyor operating hours =

The emission factor for TSP is taken from AP42, Table 11.24 2. Emission factors for PM10 and PM2.5 derived from AP42, Appendix B.2,
Category 3 (i.e., material handling of unprocessed ores) and applivcation of Natural Mitigation based on days with precipitation greater
than 0.01 inches as noted below.

Transfer Points prior to the Crushed Ore Bins (See Figure 1 above and Oracle Ridge
Mining, LLC Crushing Flowsheet, Drawing No. 11005 F 01 (Rev I), dated 10/7/11 included
under the "Process Flow Diagrams" tab of the Class II Air Quality permit Application.

Transfer Points after the Crushed Ore Bunkers (See Figure 1 above and Oracle Ridge
Mining, LLC Crushing Flowsheet, Drawing No. 11005 F 01 (Rev I), dated 10/7/11 included
under the "Process Flow Diagrams" tab of the Class II Air Quality permit Application.

PTE Material Process Rate (tpy) =
PTE Material Process Rate (tpy) =

PTE Material Process Rate (tpy) =
PTE Material Process Rate (tpy) =

PTE Material Process Rate (tpy) =
PTE Material Process Rate (tpy) =

Planned Conveyor operating hours =

Transfer Points after the Crushed Ore Bunkers (See Figure 1 above and Oracle Ridge
Mining, LLC Crushing Flowsheet, Drawing No. 11005 F 01 (Rev I), dated 10/7/11 included
under the "Process Flow Diagrams" tab of the Class II Air Quality permit Application.

Reference for the following natural mitigation emission factor adjustment is Western Governors' Association (WRAP) Fugitive Dust
Handbook, September 7, 2006, page 6 5.

Emission Factor adjustment for Natural Mitigation (Eext) =

Annual size specific emission factor extrapolated for natural mitigation.
Emission factors used from AP42
Number of days is a year with at least 0.01 inches of precipitation.

Tucson, AZ [reference: National Climatic Data Center (NCDC) See Appendix J].
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Conveyor Transfer Points (PTE) Cont'd

UNCONTROLLED TSP EMISSIONS AT 500 STPD
TSP Emission Factor (lbs/ton) = 0.01

TSP Emission Factor corrected w/natural mitigation (lbs/ton) = ( 0.01 x 0.88 ) = 0.009 lbs/ton

4,380,000 tons/yr x No. of conveyor transfer points (2)
77,040 lbs/yr
39 tons/yr

500 STPD Transfer Point Uncontrolled Size Emissions Particle size (μm)
2.5 6 10
15 34 51
5.8 13.1 19.6

* 500 STPD Transfer Point Controlled Size Emissions
Particle size (μm)

0 2.5 2.5 6 6 10
40 65 90
5.8 7.3 6.5
3.5 2.6 0.7
3.5 6.0 6.7

CONTROLLED PARTICULATE EMISSIONS AT 500 STPD PTE
PM2.5 = 3.5 tpy = 19.0 lbs/day

PM10 = 6.7 tpy = 36.6 lbs/day

* These data do not include results for the greater than 10 μm particle size range.

**

UNCONTROLLED TSP EMISSIONS AT 150 STPD
TSP Emission Factor (lbs/ton) = 0.01

Corrected TSP Emission Factor for Natural Mitigation (lbs/ton) = ( 0.01 x 0.88 ) = 0.009 lbs/ton

1,314,000 tons/yr x No. of conveyor transfer points (2)
23,112 lbs/yr
12 tons/yr

Type of control device: Dust suppression by water sprays.

Cumulative mass particle size emissions (tons/yr) =

% Collection efficiency (AP42, Table B.2 3) =
**Mass is size range before control (tons/yr) =

Mass is size range after control (tons/yr) =
Cumulative mass (tons/yr) =

TSP Emissions (lbs/yr) =
TSP Emissions (tons/yr) =

[AP42, Table 11.24 2 for uncontrolled conveyor transfer points, lbs TSP per ton of
material handled for high moisture ore with a percent moisture of 4 weight % or greater
as stipulated in AP42 Sectiuon 11.24 (Metallic Minerals Processing, page 11.24 5]

TSP Emissions (lbs/yr) = 0.009 lbs/ton x

[AP42, Table 11.24 2 for uncontrolled conveyor transfer points, lbs TSP per ton of
material handled for high moisture ore with a percent moisture of 4 weight % or greater
as stipulated in AP42 Sectiuon 11.24 (Metallic Minerals Processing, page 11.24 5]

TSP Emissions (lbs/yr) = 0.009 lbs/ton x
TSP Emissions (lbs/yr) =

TSP Emissions (tons/yr) =

Distribution, Cumulative percent (%) equal to or less than size =

Uncontrolled size data are cumulative percent equal to or less than the size. Control efficiency data apply only to size range and are not
cumulative.
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Conveyor Transfer Points (PTE) Cont'd

150 STPD Transfer Point Uncontrolled Size Emissions Particle size (μm)
2.5 6 10
15 34 51
1.7 3.9 5.9

* 150 STPD Transfer Point Controlled Size Emissions
Particle size (μm)

0 2.5 2.5 6 6 10
40 65 90
1.7 2.2 2.0
1.0 0.8 0.2
1.0 1.8 2.0

CONTROLLED PARTICULATE EMISSIONS AT 150 STPD PTE
PM2.5 = 1.0 tpy = 5.7 lbs/day

PM10 = 2.0 tpy = 11.0 lbs/day

* These data do not include results for the greater than 10 μm particle size range.

**

UNCONTROLLED TSP EMISSIONS AT 50 STPD
TSP Emission Factor (lbs/ton) = 0.01

Corrected TSP Emission Factor for Natural Mitigation (lbs/ton) = ( 0.01 x 0.88 ) = 0.009 lbs/ton

438,000 tons/yr x No. of conveyor transfer points (2)
11,556 lbs/yr

6 tons/yr

50 STPD Transfer Point Uncontrolled Size Emissions Particle size (μm)
2.5 6 10
15 34 51
0.9 2.0 2.9

* 50 STPD Transfer Point Controlled Size Emissions
Particle size (μm)

0 2.5 2.5 6 6 10
40 65 90
0.9 1.1 1.0
0.5 0.4 0.1
0.5 0.9 1.0

CONTROLLED PARTICULATE EMISSIONS AT 50 STPD PTE
PM2.5 = 0.5 tpy = 2.8 lbs/day

PM10 = 1.0 tpy = 5.5 lbs/day

* These data do not include results for the greater than 10 μm particle size range.

**

Transfer Point Particulate Emissions Totals PTE
TSP = PM10 = 9.69 tpy = 53.10 lbs/day

Type of control device: Dust suppression by water sprays.

TSP Emissions (lbs/yr) = 0.009 lbs/ton x
TSP Emissions (lbs/yr) =

Distribution, Cumulative percent (%) equal to or less than size =
Cumulative mass particle size emissions (tons/yr) =

% Collection efficiency (AP42, Table B.2 3) =
**Mass is size range before control (tons/yr) =

Mass is size range after control (tons/yr) =
Cumulative mass (tons/yr) =

Uncontrolled size data are cumulative percent equal to or less than the size. Control efficiency data apply only to size range and are not
cumulative.

Type of control device: Dust suppression by water sprays.

TSP Emissions (tons/yr) =

Distribution, Cumulative percent (%) equal to or less than size =
Cumulative mass particle size emissions (tons/yr) =

% Collection efficiency (AP42, Table B.2 3) =
**Mass is size range before control (tons/yr) =

Mass is size range after control (tons/yr) =
Cumulative mass (tons/yr) =

Uncontrolled size data are cumulative percent equal to or less than the size. Control efficiency data apply only to size range and are not
cumulative.

[AP42, Table 11.24 2 for uncontrolled conveyor transfer points, lbs TSP per ton of
material handled for high moisture ore with a percent moisture of 4 weight % or greater
as stipulated in AP42 Sectiuon 11.24 (Metallic Minerals Processing, page 11.24 5]
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B. Crushed Ore Bin Drop Points (PTE)
Process Description

Emission Calculation Methodology:

NOTE:

E [ (365 P) ÷ 365] , Equation (2) from WRAP Fugitive Dust Handbook
where,

Eext =
E = EF =

P =
P = 44 days/year

so, the AP42 emission factor correction for natural mitigation = (365 44) ÷ 365 = 0.88 (dimensionless)

EPM10 Corrected for Natural Mitigation = 1.29E 03 x 0.88 = 1.13E 03 lb/ton
EPM2.5 Corrected for Natural Mitigation = 1.95E 04 x 0.88 = 1.71E 04 lb/ton

Crushed Ore Bin Drop Points Emission Calculation Parameters:
(2 shifts/day) x (10 hours/shift) x (365 days/year); however, PTE calculated with 8760 hours.

8,760 hrs/yr [Note: No operating hour permit limitations requested]
Design Capacity Limit Prior to Bins = 500 STPH

Ore Flowrate after Bins = 150 STPH

Equation (1)

kPM2.5 = particulate size multiplier (dimensionless) = 0.053 (for PM2.5)

Crushed Ore Bins operating hours (PTE) =
Crushed Ore Bin operating hours =

Reference for the following natural mitigation emission factor adjustment is Western Governors' Association (WRAP) Fugitive Dust
Handbook, September 7, 2006, page 6 5.

The particle size multiplier in the equation, k, varies with aerodynamic particle size range, as follows:

(U/5)1.3

(M/2)1.4

Where:
E = emission factor (pound [lb]/ton)

kPM10 = particulate size multiplier (dimensionless) = 0.35 (for PM10)

Particulate size specific emission factors are estimated using methodology in AP42, Section 13.2.4, Equation (1) for drop operations and
emission factors are corrected for Natural Mitigation to account for precipitation as follows:

The Crushed Ore Bin Feeder/Tripper Conveyor drops ore into the Crushed Ore Bins. The ore feed rate into the Crushed Ore Bins is limited
by the 500 STPH design capacity of the Crushed Ore Bin Feeder/Tripper Conveyor. The Crushed Ore Bins drop ore onto the Aprin Feeders
(Equipment ID#s 100 FE 01, 100 FE 02, and 100 FE 03) at a total maximum controlled feed rate of 150 STPD or 50 STPH per Crushed Ore
Bin.

M = material moisture content (%) = 2.9% (Ref. mass balance data provided on Process Flow Diagrams/Flowsheets, i.e. 1 % solids)

1.29E 03

1.95E 04

U = mean wind speed, miles per hour [mph] = 8.3 mph (National Climatic Data Center, NOAA 2001)

Emission Factor adjustment for Natural Mitigation (Eext) =

Annual size specific emission factor extrapolated for natural mitigation.
Emission factors used from AP42
Number of days is a year with at least 0.01 inches of precipitation.

for Tucson, Arizona [reference: The National Climatic Data Center (NCDC)].

EPM10 =

EPM2.5 =

E = k x (0.0032) x (pound [lb]/ton)

EPM10 = (0.35) x (0.0032) x [(8.3/5)1.3 / (2.9/2)1.4 ]

(pound [lb]/ton)

EPM2.5 = (0.053) x (0.0032) x [(8.3/5)1.3 / (2.9/2)1.4 ]

(pound [lb]/ton)
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Crushed Ore Bin Drop Points (PTE) cont'd

Drop Point Ore Flowrate Into Bins
500 ÷ 3 = 166.7

(166.7 tph) x (8,760 hrs/yr)
1.46E+06 tpy (per bin)

Drop Point Ore Flowrate From Bins
150 ÷ 3 = 50
(50 tph) x (8,760 hrs/yr)
4.38E+05 tpy (per bin)

3

3

Crushed Ore Bin Drop Points (PTE) Con't

(1.46E+06 tpy) x (1.13E 03 lbs/ton) x (3 Drop Points)
4,956 lbs/yr

PM10 = 2.48 tpy = 13.58 lbs/day

(1.46E+06 tpy) x (1.71E 04 lbs/ton) x (3 Drop Points)
750 lbs/yr

PM2.5 = 0.38 tpy = 2.06 lbs/day

(4.38E+05 tpy) x (1.06E 03 lbs/ton) x (3 Drop Points)
1,487 lbs/yr

PM10 = 0.74 tpy = 4.07 lbs/day

(4.38E+05 tpy) x (1.61E 04 lbs/ton) x (3 Drop Points)
225 lbs/yr

PM2.5 = 0.11 tpy = 0.62 lbs/day

Drop Point Particulate Emissions Totals PTE
TSP = PM10 = 3.22 tpy = 17.65 lbs/day

Crushed Ore Flowrate to Bins (tpy) =

No. of Drop Points into Crushed Ore Bins =

PM10 Drop Point Emissions =
PM10 Drop Point Emissions =

tph (per bin)

See Figure 1 in previous section and Oracle Ridge Mining, LLC Crushing
Flowsheet, Drawing No. 11005 F 01 (Rev I), dated 10/7/11 included under the
"Process Flow Diagrams" tab of the Class II Air Quality permit Application.

Drop Points into Crushed Ore Bins PTE:

Drop Points from Crushed Ore Bins PTE:

PM2.5 Drop Point Emissions =

PM10 Drop Point Emissions =

Crushed Ore Flowrate to Bins (tpy) =
Crushed Ore Flowrate to Bins (tpy) =

No. of Drop Points from Crushed Ore Bunkers =

PM2.5 Drop Point Emissions =

Crushed Ore Flowrate from Bins (tph) = STPH

Crushed Ore Flowrate to Bins (tph) =
Crushed Ore Flowrate to Bins (tpy) =

PM2.5 Drop Point Emissions =
PM2.5 Drop Point Emissions =

PM10 Drop Point Emissions =
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D. Milk of Lime Storage & Distribution System (PTE)
Process Description

Hydrated Lime Usage & Lime System Operating Schedule:

lbs/day = 1500 tons/day = 0.75
lbs/week = 10,500 tons/week = 5.25
lbs/year = 547,500 tons/year = 274

24
7

365

Emissions Control Device

Emission Calculation Methodology:

Emission Calculation Parameters:
PM = PM10 Emission Factor (grains/acf) = 0.02 Manufacturer guaranteed grain loading (See Appendix A)

Maximum exhaust flow rate (cfm) = 1,580 Griffin Silo Vent Filter System, Model No. 54 LS (See Appendix A)

Emission Calculations (PTE):
5.42 lbs/day
38 lbs/wk

13,841 lbs/yr
PM = 6.92 tons/year

5.42 lbs/day
38 lbs/wk

13,841 lbs/yr
PM10 = 6.92 tons/year

Conversion Factors
1 grain = 2.29E 03 ounce

1 lb = 16 ounces
1 ton = 2,000 lbs

PM10 Lime Silo Filter Vent Emissions (lbs/week) = [PM10 (lbs/day)] x [days/week] =
PM10 Lime Silo Filter Vent Emissions (lbs/year) = [PM10 (lbs/week)] x [weeks/year] =

Manufacturer guaranteed controlled emissions of 0.02 grain per actual cubic foot are used for PM and PM10.

OPERATING SCHEDULE
hours/day =
days/week =
days/year =

HYDRATED LIME USAGE(1)

PM Lime Silo Filter Vent Emissions (lbs/week) = [PM (lbs/day)] x [days/week] =

(1) The maximum rated capacity of the vendor supplied Mik of Lime System (Equipment ID #900 MS
01) is 1800 lbs/day; however, the system includes a particulate emissions control device with a
manufacturer guaranteed exhaust grain outlet loading of 0.02 gr/acf (See emission calculations below).

Bulk hydrated lime is delivered via truck in 1,500 or 2,000 lb super sacks and off loaded from the truck to be stored in the warehouse
located near the High Density Lime (Milk of Lime) Distribution System. The Milk of Lime System includes a vendor supplied (Conseco,
Model DLBBMFD) Bulk Bag Unloader, Screw Feeder, Mix Tank, Metering Pump, System Control Panel with Griffin Fabric Filter Dust Control
equipment (See Appendix A). Metering pumps will pump the Milk of Lime to the required equipment locations in the Concentrator Plant.
A System Control Panel that contains a Mass Flow Density Meter will control the operation of the Bulk Bag Unloader, Screw Feeder, Mix
Tank, Valves, and Metering Pump.

PM Lime Silo Filter Vent Emissions (lbs/year) = [PM (lbs/week)] x [weeks/year] =

The Milk of Lime System includes Silo Filter Vent equipment for dust control (Merrick Bulk Bag Unloader, Model DLBBMFD, that includes a
Griffin Blower Filter Vent, Model No. 54 LS See Appendix A). This system includes 375 ft2 of filter cloth area and blower capacity of 1280
cfm at 6" w.c. to 1580 cfm at 4" w.c.; manufacturer guarantee of 99.9% collection efficiency down to one (1) micron; and a guarantee of
0.02 grains per acf outlet loading.

Silo PM10 Emissions (lbs/day) = [(0.02 gr/scf) x (1,580 scfm) x (60 min/hr)x(20 hr/day)] ÷ [2.29E 03 oz/gr] ÷ [16 oz/lb] =

Silo Vent PM (lbs/day) = [(0.02 gr/scf)x(1,580 scfm)x(60 min/hr)x(20 hr/dayx(2.29E 03 oz/gr)]÷[16 oz/lb] =
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E. Emergency Fire Pump Engine (PTE)
Process Description

Emergency Generator Emissions Calculation Methodology

Emission Calculation Input Parameters
86 kW (See Appendix B )

115 HP (See Appendix B )
9.1 gallons/hour (See Appendix B )

Average BSFC(1) (efficiency) = 7,000 Btu/hp hr (reference, AP42 Table 3.3 1, footnote "a")
100 hrs/yr (Hourly limit per 40 CFR Part 60.4211)

137,000 Btu/gallon (reference, AP42, Appendix A, page A 5)
Sulfur Content of Diesel = 0.05 % (reference, 40 CFR Part 80.29)

Fuel Heat Input Calculation
(9.1 gallons/hr) x (100 hrs/yr) x (137,000 Btu/gallon)
1.25E+08 Btu/yr = 125 MMBtu/yr
1.25E+06 Btu/hr 1.25 MMBtu/hr

Power Output Calculation
(Fuel Consumption, gallons/hour) x (Hours/Year) x (Heat Value, Btu/gallon) ÷ (BSFC, Btu/hp hr)

1.78E+04 hp hr
1.78E+02 hp hr

Non HAP Pollutant Emission Factors :

lb/MMBtu lb/hp hr
POLLUTANT (fuel input) (power output) REFERENCE
PM 0.31 2.20E 03 AP42 Table 3.3 1 (10/96) Stationary Diesel Industrial Engines
PM10 0.31 2.20E 03 AP42 Table 3.3 1 (10/96) Stationary Diesel Industrial Engines
CO 0.95 6.68E 03 AP42 Table 3.3 1 (10/96) Stationary Diesel Industrial Engines
NOX 4.41 3.10E 02 AP42 Table 3.3 1 (10/96) Stationary Diesel Industrial Engines (uncntl'd)
SO2

(1) 0.29 2.05E 03 AP42 Table 3.3 1 (10/96) Stationary Diesel Industrial Engines
VOC(2) 0.33 2.29E 03 AP42 Table 3.3 1 (10/96) Stationary Diesel Industrial Engines
(1) Assumes that all sulfur in the fuel is converted to SO2.

(1) Brake Specific Fuel Consumption (BSFC) is a measure of fuel efficiency within a shaft reciprocating engine.

Hours per Year =
Heat Value =

A diesel powered back up pump is connected to the Fire Water reserve Tank piping system for use in emergency situations in a power
outage whereby fire water is required at the mine site. The Fire Water Back up System (Equipment ID# 800 PP 07) is skid mounted,
complete with pump, diesel engine, fuel tank, and controls. Hours of operation are limited to 100 hours per year (hrs/yr) for maintenance
checks and readiness testing as provided for in 40 CFR 60.4211 (f). The fire pump engine system is provided by Clarke Fire Protection
Products, Inc. (Model #JU4H UF 34, See Appendix B).

Maximum Rated Capacity =

(2) Includes exhaust and crankcase total organic compounds (TOC) and VOC = TOC x 0.91, TOC is by weight 9% methane and 91%
nonmethane. (AP42 Table 3.4 1 (10/96) footnote f).

Max Fuel Consumption =

Emission factors for PM10, PM2.5, NOx, SO2, CO, and organic compounds are obtained from AP42, Chapter 3 Table 3.3 1 and Table 3.3 2
(Diesel Industrial Engines).

Fuel Heat Input =

Power Output =
Power Output = (9.1 gallons/hr) x (100 hrs/yr) x (137,000 Btu/gallon) ÷ (7,000 Btu/hp hr)

Annual Power Output
Hourly Power Output

EMISSION FACTORS

Maximum Rated Capacity =

Fuel Heat Input =
Fuel Heat Input =
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Emergency Fire Pump Engine (PTE) Con't
Emergency Fire Pump HAP Emission Factors :

lb/MMBtu
POLLUTANT (fuel input) REFERENCE
Benzene 9.33E 04 AP42 Table 3.3 2 (10/96) Uncontrolled Stationary Diesel Engines
Toluene 4.09E 04 AP42 Table 3.3 2 (10/96) Uncontrolled Stationary Diesel Engines
Xylenes 2.85E 04 AP42 Table 3.3 2 (10/96) Uncontrolled Stationary Diesel Engines
1,3 Butadiene 3.91E 05 AP42 Table 3.3 2 (10/96) Uncontrolled Stationary Diesel Engines
Formaldehyde 1.18E 03 AP42 Table 3.3 2 (10/96) Uncontrolled Stationary Diesel Engines
Acetaldehyde 7.67E 04 AP42 Table 3.3 2 (10/96) Uncontrolled Stationary Diesel Engines
Acrolein 9.25E 05 AP42 Table 3.3 2 (10/96) Uncontrolled Stationary Diesel Engines
Naphthalene 8.48E 05 AP42 Table 3.3 2 (10/96) Uncontrolled Stationary Diesel Engines

Emergency Fire Pump HAP and Non HAP Emissions:

POLLUTANT (lbs/hr) (lbs/day) (tons/yr)
PM 3.86E 01 9.28E+00 1.93E 02
PM10 3.86E 01 9.28E+00 1.93E 02
CO 1.18E+00 2.84E+01 5.92E 02
NOX 5.50E+00 1.32E+02 2.75E 01
SO2 3.62E 01 8.68E+00 1.81E 02
VOC 4.08E 01 9.80E+00 2.04E 02
Benzene 1.16E 03 2.79E 02 5.82E 05
Toluene 5.10E 04 1.22E 02 2.55E 05
Xylenes 3.55E 04 8.53E 03 1.78E 05
1,3 Butadiene 4.87E 05 1.17E 03 2.44E 06
Formaldehyde 1.47E 03 3.53E 02 7.36E 05
Acetaldehyde 9.56E 04 2.29E 02 4.78E 05
Acrolein 1.15E 04 2.77E 03 5.77E 06
Naphthalene 1.06E 04 2.54E 03 5.29E 06

Total HAPs = 4.73E 03 1.13E 01 2.36E 04

EMISSION FACTORS

EMISSIONS
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F. Emergency Generator (PTE)
Process Description

Emergency Generator Emissions Calculation Methodology

Emission Calculation Input Parameters

1500 kW (See Appendix C )

104.8 gallons/hour (See Appendix C )

Average BSFC(1) (efficiency) = 7,000 Btu/hp hr (reference, AP42 Table 3.4 1, footnote "e")

100 hrs/yr (Hourly limit per 40 CFR Part 60.4211)

137,000 Btu/gallon (reference, AP42, Appendix A, page A 5)

Sulfur Content of Diesel = 0.05 % (reference, 40 CFR Part 80.29)

Fuel Heat Input Calculation
(104.8 gallons/hr) x (100 hrs/yr) x (137,000 Btu/gallon)

1.44E+09 Btu/yr = 1,436 MMBtu/yr

1.44E+07 Btu/hr 14 MMBtu/hr

(1) Brake Specific Fuel Consumption (BSFC) is a measure of fuel efficiency within a shaft reciprocating engine.

The proposed Emergency Generator System includes a skid mounted diesel generator set rated at 1500 kw (standby), 415/3/50 complete
with a 10,000 gallon diesel fuel tank, instrumentation, and an electrical control system. Fuel Oil is delivered by truck and transferred into a
Fuel Oil Storage Tank. Fuel oil from the Fuel Oil Storage Tank flows by gravity to a Fuel Oil Day Tank that provides fuel to the Diesel
Generator. A Local Control Panel will monitor the fuel within the Fuel Day Tank, operate the fuel transfer pumps, and monitor the proper
operation of the Diesel Generators. The Control Room PLC will also monitor the proper operation of the Diesel Generators as well as the
operating status of the Fuel Oil Return Pump and the fuel oil level within the Fuel Oil Storage Tank. Details regarding the proposed
emergency generator, Caterpillar Genset Model No. 3512C, is provided in Appendix C.

Emission factors for PM10, PM2.5, NOx, SO2, CO, and organic compounds are obtained from AP42, Chapter 3 Table 3.4 1, Table 3.4 2, and
Table 3.4 3 (Large Stationary Diesel Engines).

Generator Capacity =

Hours per Year =

Heat Value =

Fuel Heat Input =

Fuel Consumption =

Fuel Heat Input =

Fuel Heat Input =

EPA allows up to 100 hours for the emergency generator beyond which the generator is no longer considered an “emergency” generator.
These hours are provided in order to exercise and test the generator. Please note that in the event of an emergency ORM Facility is not
restricted to 100 hours under federal regulations.
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Emergency Generator (PTE) Con't

Power Output Calculation

(Fuel Consumption, gallons/hour) x (Hours/Year) x (Heat Value, Btu/gallon) ÷ (BSFC, Btu/hp hr)

2.05E+05 hp hr
2.05E+03 hp hr

Emergency Generator Non HAP Pollutant Emission Factors :

lb/MMBtu lb/hp hr
POLLUTANT (fuel input) (power output) REFERENCE
PM 6.97E 02 AP42 Table 3.4 2 (10/96) Large Stationary Diesel Engines
PM10 5.70E 02 AP42 Table 3.4 2 (10/96) Large Stationary Diesel Engines
CO 5.50E 03 AP42 Table 3.4 1 (10/96) Large Stationary Diesel Engines
NOX 2.40E 02 AP42 Table 3.4 1 (10/96) Large Stationary Diesel Engines (uncontrolled)
SO2* 8.09E 03 x (S1) AP42 Table 3.4 1 (10/96) Large Stationary Diesel Engines
VOC** 6.20E 04 AP42 Table 3.4 1 (10/96) Large Stationary Diesel Engines

* Assumes that all sulfur in the fuel is converted to SO 2 and where S 1 = % sulfur in fuel oil. (AP42 Table 3.4 1 (10/96) footnote d)
** VOC = TOC x 0.91, TOC is by weight 9% methane and 91% nonmethane. (AP42 Table 3.4 1 (10/96) footnote f)

Emergency Generator HAP Emission Factors :

lb/MMBtu
POLLUTANT (fuel input) REFERENCE
Benzene 7.76E 04 AP42 Table 3.4 3 (10/96) Large Stationary Diesel Engines
Toluene 2.81E 04 AP42 Table 3.4 3 (10/96) Large Stationary Diesel Engines
Xylenes 1.93E 04 AP42 Table 3.4 3 (10/96) Large Stationary Diesel Engines
Propylene 2.79E 03 AP42 Table 3.4 3 (10/96) Large Stationary Diesel Engines
Formaldehyde 7.89E 05 AP42 Table 3.4 3 (10/96) Large Stationary Diesel Engines
Acetaldehyde 2.52E 05 AP42 Table 3.4 3 (10/96) Large Stationary Diesel Engines
Acrolein 7.88E 05 AP42 Table 3.4 3 (10/96) Large Stationary Diesel Engines
Naphthalene 1.30E 04 AP42 Table 3.4 4 (10/96) Large Stationary Diesel Engines

Emergency Generator HAP and Non HAP Emissions:

POLLUTANT (lbs/hr) (lbs/day) (tons/yr)
PM 1.00E+00 2.40E+01 5.00E 02
PM10 8.18E 01 1.96E+01 4.09E 02
CO 1.13E+01 2.71E+02 5.64E 01
NOX 4.92E+01 1.18E+03 2.46E+00
SO2 8.30E 01 1.99E+01 4.15E 02
VOC 1.27E+00 3.05E+01 6.36E 02
Benzene 1.11E 02 2.67E 01 5.57E 04
Toluene 4.03E 03 9.68E 02 2.02E 04
Xylenes 2.77E 03 6.65E 02 1.39E 04
Propylene 4.01E 02 9.61E 01 2.00E 03
Formaldehyde 1.13E 03 2.72E 02 5.66E 05
Acetaldehyde 3.62E 04 8.68E 03 1.81E 05
Acrolein 1.13E 03 2.72E 02 5.66E 05
Naphthalene 1.87E 03 4.48E 02 9.33E 05

Total HAPs = 6.25E 02 1.50E+00 3.12E 03

EMISSION FACTORS

Power Output =

Annual Power Output

EMISSIONS

EMISSION FACTORS

Hourly Power Output

(104.8 gallons/hr) x (100 hrs/yr) x (137,000 Btu/gallon) ÷ (7,000 Btu/hp hr)Power Output =
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G. Diesel Fuel Tank (PTE)
Process Description

Tank Emission Calculation Methodology

Tanks 4.0.9d Input Parameters

Tank Dimensions: Diameter 10 ft Gray/Light
Height 18 ft Good (Default)

10,000 gallons Gray/Light
Good (Default)

55,511 Type: Cone
Turnovers: 5.55 1.08

Location: Tucson, AZ
Tank Type:

Notes:
(1) 10,480 gallons/year

(2) 910 gallons/year

(3) 44,121 gallons/year (See Appendix D)

55,511 gallons/year

VOC Emissions = 7.29 lbs/yr (See Appendix D for Detailed Report)

VOC Emissions = 3.65E 03 tpy

Tank emissions estimating tool, TANKS 4.0.9d, from the U.S. EPA's Office of Air Quality Planning and Standards (OAQPS) is used to estimate
working and breathing loss emissions from the Oracle Ridge Mine Diesel Fuel Storage Tank (Equipment ID 800 TK 01). TANKS is a Windows
based computer software program that estimates volatile organic compound (VOC) and hazardous air pollutant (HAP) emissions from fixed
and floating roof storage tanks. The TANKS program employs a chemical database of over 100 organic liquids, and a meteorological
database of over 240 cities in the United States. Metorological data for Tucson, Arizona was used for the ORM Facility fuel storage tank
emissions calculations. EPA Tanks 4.0.9d Emissions Reports are provided in Appendix D.

gallons/year

Generator fuel rate (104.8 gph) x hrs/yr (100) = Tank Throughput =

Total Diesel Usage =

ORM Facility diesel fuel rate = (120.88 gallons/day) x (365 days/year) =

Diesel Fuel is delivered by truck and transferred into a 10,000 gallon capacity Fuel Oil Storage Tank (Equipment ID# 800 TK 01). Diesel fuel
from the Fuel Oil Storage Tank flows by gravity to a Fuel Oil Day Tank that provides fuel to the Diesel Generator and is pumped to the
various OPRM Facility vehicles, as required.

Emissions (Tanks 4.0.9d Output) :

(roof slope x shell radius)

Shell Condition:

Fire Pump Engine fuel rate (9.1 gph) x hrs/yr (100) = Tank Throughput =

1,2,3Tank Throughput:

Distillate Fuel Oil #2Tank Contents:
Vertical Fixed Roof Tank

Roof Height (ft):

Working Volume
Roof Paint Condition:

Shell Color/Shade:

Roof Color/Shade:
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H. Gasoline Fuel Tank (PTE)
Process Description

Tank Emission Calculation Methodology

Tanks 4.0.9d Input Parameters

Tank Dimensions: Diameter 10 ft Gray/Light
Height 18 ft Condition: Good (Default)

10,000 gallons Gray/Light
Good (Default)

30,000 Type: Cone
Turnovers: 3.00 1.08

Location: Tucson, AZ
Tank Type:

Note:

VOC Emissions = 4,359 lbs/yr (See Appendix D for Detailed Report)

VOC Emissions = 2.18 tpy

Roof Paint Condition:

Roof Height (ft):

1Tank Throughput:

Tank Contents:

Shell Color/Shade:

gallons/year
(roof slope x shell radius)

Gasoline, RVP 11.5
Vertical Fixed Roof Tank

Tank emissions estimating tool, Tanks 4.0.9d, from the U.S. EPA's Office of Air Quality Planning and Standards (OAQPS) is used to estimate
working and breathing loss emissions from the Oracle Ridge Mine Gasoline Fuel Storage Tank (Equipment ID 800 TK 02). TANKS is a
Windows based computer software program that estimates volatile organic compound (VOC) and hazardous air pollutant (HAP) emissions
from fixed and floating roof storage tanks. The TANKS program employs a chemical database of over 100 organic liquids, and a
meteorological database of over 240 cities in the United States. Metorological data for Tucson, Arizona was used for the ORM Facility fuel
storage tank emissions calculations.

Working Volume Roof Color/Shade:

Gasoline fuel is delivered by truck and transferred into a 10,000 gallon capacity Gasoline Storage Tank (Equipment ID# 800 TK 02).
Gasoline fuel is dispensed from the tank to fuel ORM Facility vehicles, as required.

(1) Estimated gasoline fuel usage rate (2,500 gallons/month) x 12 months/yr = Annual Tank Throughput = 30,000 gallons.

Emissions (Tanks 4.0.9d Output) :
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I. Tailings Facility Fugitive Dust Emissions (PTE)
Process Description

Tailings Facility Surface Area Activity Data (ref. 9):

YEAR STAGE
Geo Membrane
Liner Area (ft2)

Reclaimed Area
(ft2)

Dry Stack
Tailings Area

(ft2) Total Area (ft2)

a Total
Disturbed Area

(ft2)

b Panel Area
Coverage (ft2)

c Unprotected /
Unreclaimed Area

(ft2)

cUnprotected /
Unreclaimed
Area (Acres)

cUnprotected /
Unreclaimed

Area (m2)
0 1 803,000 21,000 136,000 960,000 939,000 751,200 187,800 4.31 17,447
1 1 414,000 86,000 596,000 1,096,000 1,010,000 808,000 202,000 4.64 18,766
2 1 266,000 144,000 685,000 1,095,000 951,000 760,800 190,200 4.37 17,670
3 1 136,000 231,000 715,000 1,082,000 851,000 680,800 170,200 3.91 15,812
4 2 473,000 386,000 1,022,000 1,881,000 1,495,000 1,196,000 299,000 6.86 27,778
5 2 250,000 914,000 844,000 2,008,000 1,094,000 875,200 218,800 5.02 20,327
6 2 34,000 1,019,000 1,124,000 2,177,000 1,158,000 926,400 231,600 5.32 21,516
7 3 573,000 1,147,000 464,000 2,184,000 1,037,000 829,600 207,400 4.76 19,268
8 4 123,000 1,417,000 1,062,000 2,602,000 1,185,000 948,000 237,000 5.44 22,018
9 5 434,000 1,417,000 743,000 2,594,000 1,177,000 941,600 235,400 5.40 21,869
10 6 360,000 2,053,000 545,000 2,958,000 905,000 724,000 181,000 4.16 16,815
11 7 343,000 2,523,000 416,000 3,282,000 759,000 607,200 151,800 3.48 14,103
12 8 0 2,950,000 333,000 3,283,000 333,000 266,400 66,600 1.53 6,187

NOTE:

E [ (365 P) ÷ 365] , Equation (2) from WRAP Fugitive Dust Handbook

where,
Eext =

E = EF =
P =
P = 44 days/year

so, the AP42 emission factor correction for natural mitigation = (365 44) ÷ 365 = 0.88 (dimensionless)

Emission Factors:
EF TSP = 0.38 (tons/acre yr) [Ref.: AP 42, Table 11.9 4, Wind erosion of exposed areas]

EF TSP, corrected for natural mitigation = 0.38 x 0.88 = 0.33 (tons/acre yr)
PM10 Emission Factor Equation, E = k x Sum (P) [Ref.: AP 42, Table 13.2.5, Equation 2]

PM10 Emission Factor, corrected for Natural Mitigation = E = k x Sum (P) x 0.88
k = Particle Size Multiplier for PM10 = 0.5 (Dimensionless) [Ref.: AP 42, Page 13.2.5 3, k= 0.5 for PM 10]

PM2.5/PM10 Ratio = 0.15 [Ref.: U.S. EPA CHIEF, PM 2.5 /PM 10 ratio for windblown fugitive dust]

The ultimate Tailings Storage Facility (TSF) refers to the volume of tailings envisioned to contain an additional 8.4 million tons of new
tailings from the new plant plus an additional 1.0 million tons of existing tailings. It is planned that the existing tailings will be removed
and placed over a liner system as the new tailings facility is constructed. Panels are used on disturbed areas to mitigate dust generation.

The design of the TSF is centered around 8 technical design stages referred to as Stages 1 through 8. These stages have been generated as
the basis for the annual period of TSF progression through the construction process. The mine development plan extends out 12 years, so,
the development of more than one year can be included in an individual stage. The table below includes the proposed Tailings Facility
Layout data over 12 years. See Appendix E for the Tailings Facility General Arrangement Drawing and Stockpile Plan Sheets.

(b) Panels are used on disturbed areas to mitigate dust generation for those areas. The table above assumes that the dust mitigated area is
equal to 80% of the "Panel Area Coverage" (ref. 9).

Annual size specific emission factor extrapolated for natural mitigation.
Emission factors used from AP42
Number of days is a year with at least 0.01 inches of precipitation.

for Tucson, Arizona [reference: The National Climatic Data Center (NCDC)].

Reference for the following natural mitigation emission factor adjustment is Western Governors' Association (WRAP) Fugitive Dust
Handbook, September 7, 2006, page 6 5.

Emission Factor adjustment for Natural Mitigation (Eext) =

(a) Total disturbed area is the "Dry Stack Area" for each Tailings Facility Stage added to the "Geo Membrane Liner Area" for that same
Tailings Facility Stage.

(c) The table above assumes that 20% of the disturbed area is being used for tailings cell development and will contribute to fugitive dust.
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Tailings Facility Fugitive Dust Emissions (PTE) cont'd

Emission Factor Parameters:
Disturbance frequency per day = 1
Duration of exposure (months) = 12

Roughness height (cm) = 0.5
Threshold peak wind speed at height of 10 m (m/s) = 10

P = erosion potential (g/m2)
P = N

i=1 [58 x (u* ut*)
2 + 12 x (u* ut*)] [Ref.: AP 42, Table 13.2.5, Equation 3]

P = 0 for u* ut*
where, N = Number of Disturbances Per Year = 350 (Note: N = 365 for a surface disturbed everyday in the year i.e., daily)

ut = Threshold Friction Velocity (m/s) = 1.02

Threshold friction velocity u*t (m/s) = 0.053 x u+10 = 0.53

u* P

mph m/s m/s g/m2

26 11.6 0.62 2.58
28 12.5 0.66 4.37
23 10.3 0.54 0.39
25 11.2 0.59 1.78

Sum of P 9.11

Tailings Facility Emissions
PM10 Fugitive Dust Emissions

Unprotected
Unreclaimed

Area (m2) PM10 (lbs)

aPM10

lbs/mo
17,447 1,848 154
18,766 1,988 166
17,670 1,872 156
15,812 1,675 140
27,778 2,943 245
20,327 2,153 179
21,516 2,279 190
19,268 2,041 170
22,018 2,333 194
21,869 2,317 193
16,815 1,781 148
14,103 1,494 125
6,187 655 55

245 Max TSP (tons/yr) =

Tailings Facility Fugitive Dust Emissions Summary
PM2.5 = 441 lbs/yr 0.050 lbs/hr 0.221 Tons/yr

PM10 = 2,943 lbs/yr 0.336 lbs/hr 1.47 Tons/yr = 8.06 lbs/day

TSP = 4,588 lbs/yr 0.524 lbs/hr 2.29 Tons/yr = 12.57 lbs/day

YEAR
0
1
2
3
4

1.441
1.550
1.459
1.306
2.294
1.679
1.777
1.591

10
11
12

Maximum lbs/mo PM10 emissions = 2.294

4.16
1.806

5.02

Unprotected Area
(Acres)
4.31

29

5.40

TSP (tons/yr)

Monthly Erosion Potential (P) a

Peak Wind (u+
10)

4.64

5
6
7
8
9

aEstimated PM10 emissions per month equal Total PM10 emissions for the year of operation divided by 12 months.

1.389
1.165
0.511

6.86

4.76
5.44 1.818

Day of Month
8
10
15

5.32

4.37
3.91

[Ref.: AP 42, Table 13.2.5 2, Threshold Friction Velocity for Overburden
Material]

aAssumed to apply to 12 months for each Tailings Facility year of operation.

3.48
1.53
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J. Reagent Volatile Organic Compound (VOC) Emissions (PTE)

Process Description

Alternate Operating Scenarios (2) Process Descriptios
Alternate Operating Scenario 1:

Alternate Operating Scenario 2:

Potassium Amyl Xanthate (PAX) will be used as a conditioning reagent in place of the Sodium Isopropyl
Xanthate (NAX31).

Milk of Lime may be used throughout the Comminution Circuitry and the Cu Flotation Circuitry in
order to adjust the pH of the slurry to enable flotation of the Cu, Ag, and Au particles.
Note: If the pH of the slurry does not require adjustment, milk of lime will not be required.
Bulk hydrated lime (CaOH2) will arrive by truck in 1,500 or 2,000 lb. super sacks and off loaded from
the truck to be stored in the warehouse and near the High Density Lime (Milk of Lime) Distribution
System. The High Density Lime (Milk of Lime) Distribution System will consist of a Bulk Bag Un loader,
Screw Feeder, Mix Tank, Metering Pump, and System Control Panel. Metering pumps will pump the
high density lime (milk of lime) to the required equipment locations in the concentrator. A System
Control Panel that contains a Mass Flow Density Meter will control the operation of the Bulk Bag Un
loader, Screw Feeder, Mix Tank, Valves, and Metering Pump. The High Density Lime (Milk of Lime)
Distribution System is a complete vendor package with particulate emissions control.

Sodium Hydrosulfide (NaHS) as a conditioning reagent may be used to activate the oxide copper minerals in the ore in order for these
copper oxide particles to float in the Flotation Circuit. Sodium Hydrosulfide (NaHS) will be transferred by hand from bags (NaHS is in a
crystalline, flake, or powder form) to a Bag Breaker System that will automatically open the bag and transfer the NaHS to a vendor
supplied Reagent Mixing/Dilution System. The Bag Breaker System will have a totally enclosed compartment with a filtration/vent system
that captures dust particles from the bag breaking process. The Reagent Mixing/Dilution System will meter the NaHS in the correct amount
into an agitated NaHS Mix Tank along with fresh water. The mixed NaHS solution will then be transferred to the NaHS Day Tank as a
diluted, prepared solution ready for use in the flotation process. The diluted NaHS solution will be in the amount of about 0.2 to 0.35
lbs./ST in the flotation process. NaHS Metering Pumps will be monitored by the PLC in order to pump the NaHS solution from the Day Tank
to the Cu Flotation Circuit.

Sodium isopropyl xanthate is used as a conditioning reagent in order coat the Cu, Au, and Ag particles to make the particles hydrophobic
(water repellent) prior to subjecting the Cu, Au, and Ag particles to the flotation process. A mixture of MIBC (90% of total frother used) and
Aero Froth 65 polypropylene glycol ethylene glycol ether (10% of total frother used) will be added to the flotation process. Methyl
isobutyl carbinol (MIBC) and Aero Froth 65 (AF 65) will be used as frothing agents that will produce air bubbles in the slurry in the flotation
cells. These air bubbles make contact with the Cu, Au, and Ag particles and the particles attached to the bubbles and thereby float to the
surface of the slurry in the flotation cells. A flocculant reagent is used in the Cu Concentrate and Tailings Thickeners to cause individual
particles within the concentrate and tailings slurries to coalesce and settle to the bottom of the Concentrate and Tailings Thickeners. The
following table lists proposed Oracle Ridge Mine reagents, proposed usage rates, and evaluations for volatile organic compounds (VOC)
and hazardous air pollutants (HAP). See Appendix F for reagent usage details and photochemical reactivity information. See Appendix G
for reagent material safety data sheets (MSDS).
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Reagent VOC Emissions Con't

Emission Factor Parameters:
ORACLE RIDGE MINE (ORM) REAGENT SUMMARY (Ref. #s 2, 11, and 12) MAXIMUM
REAGENT TYPE CHEMICAL NAME COMPOSITION LISTED HAP1 VOC2 DAILY USAGE3 % VOC
Product Name Composition % (by weight) CAS # Yes / No Yes / No lbs/day (by volume) MIR4

FROTHER
162 lbs/day 100% 2.89

(CH3)2CHCH2CH(OH)CH3 Methyl Isobutyl Carbinol (MIBC)
Methyl Isobutyl Carbinol 60% to 100% 000108 11 2 No Yes

18 lbs/day NA NA

LIME
1,500 lbs/day NA NA

Calcium Magnesium Hydroxide
Ca(OH)2 Calcium Hydroxide LT 58% 001305 62 0 No No NA NA
Mg(OH)2 Magnesium Hydroxide LT 38% 001309 42 8 No No NA NA
CaMgC2O6 Dolomite LT 1% 016389 88 1 No No NA NA
MgO Magnesium Oxide LT 1% 001309 48 4 No No NA NA
SiO2 Crystalline Silica NA 014808 60 7 No No NA NA

FLOCCULANT
30 lbs/day * NA * NA
60 lbs/day * NA * NA

* None Listed * None Listed * NA * NA
*Note: No chemical compounds or composition on MSDS
(Polymer Ventures, Inc. Product Code: PVDAF30)

CONDITIONING REAGENT
240 lbs/day 20% (see note 4)

Sodium Isopropyl Xanthate (NAX31)
NaC4H7OS2 Sodium Isopropyl Xanthate 60% to 100% 000140 93 2 No No NA NA
NaOH Sodium Hydroxide 1% to 5% 001310 73 2 No No NA NA
(CH3)2CHCH2OH Isopropanol 1% to 5% 000067 63 0 No Yes 100% 0.71

Sodium Hydrosulfide (Delivered in crystalline, flake, or powder form then hydrated into slurry, usage rate = 0.2 lb/ton) > 600 lbs/day NA NA
NaHS Sodium Hydrosulfide
NaHS • H2O Sodium Hydrosulfide 66% 016721 80 5 No No NA NA
H2O Water 27% 007732 18 5 No No NA NA
Na2S • 3H2O Sodium Sulfide < 6% 001313 82 2 No No NA NA
Na2CO3 Sodium Carbonate 1% 000497 19 8 No No NA NA

ALTERNATE OPERATING SCENARIO (Use of Potassium Amyl Xanthate, PAX, in place of AERO 343 Xanthate)
Potassium Amyl Xanthate (PAX) (Delivered in Pellet form then hydrated into slurry, usage rate = 0.12 lbs/ton of plant feed) > 360 lbs/day

Potassium Sulfide ~ 1% No No NA NA
Carbonodithioic Acid, NA NA
(3 methylbutyl) ester, > 90% No No NA NA
potassium salt NA NA
Potassium Hydroxide 0% to 1% No No NA NA

NOTES:
1

2

3

4

Aerofroth 70® Frother (Liquid form, usage rate = 0.054 lbs/ton of plant feed) >

Limate, Dolomitic Hydrated Lime (Granular form, usage rate = 0.5 lbs/ton of plant feed) >

Per EPA 40 CFR 51.100 definition of VOCs that includes list of VOCs specifically excluded from the definition (i.e. non precursors
to ozone, not photoreactive).

Maximum daily reagent usage rate based on maximum daily ore crusshing rate of 3000 STPD.

Listing per United States Federal Clean Air Act, Title I, Section 112(b) Hazardous Air Pollutants (HAP).

DAF 30 (Powder form, usage rate = 0.01 lbs/ton of concentrate) >
" " (Powder form, usage rate = 0.02 lbs/ton of tailings) >

Aerofroth 65® Frother (Liquid form, usage rate = 0.006 lbs/ton of plant feed) >

Maximum Incremental Reactivity, MIR (see definitions). MIR listed values per SAPRC 07 Chemical Mechanism software
developed by the College of Engineering Center for Environmental Research and Technology (CE CERT) at the University of
California at Riverside (UCR) with funding by the California Air Resources Board (CARB).

AERO 343 Xanthate (Delivered in Pellet form then hydrated into slurry, usage rate = 0.08 lbs/ton of plant feed) >
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Reagent Volatile Organic Compound (VOC) Emissions (PTE) Con't

DEFINITIONS:

Annual Reagent Amounts:
Reagent

Total = lbs/yr

AERO 343 Xanthate VOC Emissions (PTE)

Emission Calculation Parameters:
7300 hrs/yr

Xanthate usage = [0.08 lbs/ton], of ore processed x [3000 STPD], maximum ore process design rate (tons per day tpd)
Xanthate usage = 240 lbs/day

Xanthate % Volatility (by volume) = 20 %
% Isopropanol (by weight), VOC = 5 %

Xanthate Density = 1.263 g/cm3

Xanthate Density = (1.263 g/cm3) x (2.20E 03 lbs/g) x (2.64E 04 gallons/cm3)
Xanthate Density = 10.54 lbs/gallon

Potassium Amyl Xanthate (PAX)

Usage (lbs/yr)
59,130
6,570

547,500
32,850
87,600

Volatilization The conversion of a chemical substance from a liquid or solid state to a gaseous vapor state.

Sodium Hydrosulfide 219,000
AERO 343 Xanthate

Maximum Incremental Reactivity (MIR) An incremental reactivity (IR) calculated for a volatile organic mixture where the
emissions of NOx (NO + NO2) have been adjusted to maximize the calculated MIR.
IR = [O3]/ [VOC]. For a specified set of meteorological conditions, emissions, and initial concentrations, the incremental
reactivity of an organic compound is the change in the peak ozone concentration, in grams, divided by an incremental change
in the initial concentration and emissions of the organic compound.

131,400

NOTE: No volatile ingredients are presented in the MSDS for Potassium Amyl Xanthate (PAX) that is proposed as an alternate operating
scenario, so, the following calculations for use of Sodium Isopropyl Xanthate present the highest emissions of the two scenarios.

1,084,050

Aerofroth 70® Frother (MICB)
Aerofroth 65® Frother
Limate, Dolomitic Hydrated Lime
DAF 30

Volatile Organic Compound (VOC) A VOC is one of a group of carbon containing compounds that evaporate readily at room
temperature. However, for air permitting purposes, and, as defined in 40 CFR 51.100(s), the term VOC includes any compound
of carbon (excluding carbon monoxide, carbon dioxide, carbonic acid, metallic carbides or carbonates, and ammonium
carbonate) which participates in atmospheric photochemical reactions. These photochemical reactions contribute to ozone and
are therefore considered to be ozone precursors. Troposphere or ground level ozone (i.e., smog) is formed by a combination of
sun, nitrogen oxides (NOx), carbon monoxide (CO), and VOCs, such as xylene. Examples of ozone precursor VOCs include
trichloroethane; trichloroethylene; and benzene, toluene, ethylbenzene, and xylene (BTEX). These contaminants typically are
generated from metal degreasing, printed circuit board cleaning, gasoline, and wood preserving processes.

Concentrator Plant Operating Hours =
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Reagent Volatile Organic Compound (VOC) Emissions (PTE) Con't

Xanthate Volumetric Usage Rate:

22.77 gallons/day
(22.77 gal/day) x (365 days/yr)

8,311 lbs/yr

Volume of Volatile Xanthate:
Volatile Xanthate = (10.54 lbs/gallon) x (22.77 gallons/day) x (20% Volatility)
Volatile Xanthate = 48 lbs/day

Xanthate VOC Emissions (isopropanol):
Isopropanol VOC Emissions = (30.36 gallons/day) x (10.54 lbs/gallon) x (5% isopropanol)
Isopropanol VOC Emissions = 12 lbs/day

Isopropanol VOC Emissions = (16 lbs/day) x (365 days/yr)
Isopropanol VOC Emissions = 4380 lbs/yr
Isopropanol VOC Emissions = 2.19 tpy

MICB VOC Emissions (PTE)
MIBC Usage = [0.054 lbs/ton], of ore processed x [3000 STPD], maximum ore process design rate (tpd)
MIBC Usage = 162 lbs/day

MIBC % Volatility = 100% (by weight, See MSDS in Appendix G Used for PTE)
so, MIBC VOC Emissions = 162 lbs/day

MIBC VOC Emissions = (162 lbs/day) x (365 days/yr)
MIBC VOC Emissions = 59,130 lbs/yr
MIBC VOC Emissions = 29.57 tpy

Conversion Factors
1 g = 2.20E 03 lbs

1 cm3 = 2.64E 04 gallons
1 ton = 2,000 lbs

Volume Usage =
Volume Usage =

Annual Xanthate Mass Usage =
Annual Xanthate Mass Usage =

(240 lbs/day) x (1 gallon/10.54 lbs)
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K. Reagent Hydrogen Sulfide Emissions (PTE)
Process Description

Sodium Hydrosulfide Reagent Usage:
Maximum sodium hydrosulfide dosage rate = 0.2 lb/ton of ore

Maximum ore throughput rate = 3,000 STPH [Proposed Process Limit belt scale records for compliance )
Maximum sodium hydrosulfide usage rate = (0.20 lb/ton) x (3,000 ton/day)
Maximum sodium hydrosulfide usage rate = 600 lbs/day
Maximum sodium hydrosulfide usage rate = (600 lbs/day ÷ 24 hrs/day)
Maximum sodium hydrosulfide usage rate = 25 lbs/hr

Composition of Sodium Hydrosulfide Reagent (See MSDS, Appendix G)

Sodium Hydrosulfide NaHS • H2O 16.50
Water H2O 6.75
Sodium Sulfide Na2S • 3H2O 1.50
Sodium Carbonate Na2CO3 0.25
(1) Usage Rate = [Maximum Hydrosulfide Usage Rate, lbs/hr] x [Weight % of Ingredient]

Molecular Weight (H 2S): 34.08 lbm/lbmol where, lbm = pound mass

Emission Calculations Emission calculations are based on the following equation:

Emissions = (Total H2S Equivalent) (Sulfide Precipitated H2S Equivalent) (Sulfide Oxidized H2S Equivalent)

TOTAL H2S EQUIVALENT

Total H2S Equivalent1 = [16.50 lbs NaHS/hr] x [(34.08 lbs H2S) ÷ (74.07 lbs NaHS)]
Total H2S Equivalent1 = 7.59 lbs/hr
Total H2S Equivalent2 = [1.50 lbs Na2S/hr] x [(34.08 lbs H2S) ÷ (132.09 lbs Na2HS)]
Total H2S Equivalent2 = 0.39 lbs/hr
Total H2S Equivalent = (Total H2S Equivalent1) + ( Total H2S Equivalent2)
Total H2S Equivalent = 7.98 lbs/hr

SULFIDE PRECIPITATED

Flotation Slurry Flowrate1 = 814.20 gallons per minute (gpm)
1 See Flotation Flowsheet, average of Steam #305 and #312.

Sulfide Precipitated = [ 814.20 gpm] x [ 60 min/hr] x [ 0.5 mg S 2/L] x [ 8.33 x 10 6 liter•lb/mg•gallon]
Sulfide Precipitated = 0.20 lb/hr as H2S

It is conservatively assumed that 0.5 milligram per liter (mg/L) of sulfide (as S 2) precipitates out as metal sulfides.

74.07
18.02
132.09
105.99

Hourly Rate
(lbs/hr)1Weight Percent (%)

66%
27%
6%
1%

Chemical
Formula

MSDS Reagent
Ingredient Molecular Weight

Hydrogen sulfide is formed as a result of a byproduct reaction between the sodium hydrosulfide reagent, used to modify the surface
chemistry of copper minerals, and other agents in the concentrate slurry added during flotation. Also, sulfides react with disolved metals in
the concentrate, forming metal sulfides that percipitate out. The Maximun Theoretical Emissions (MTE) of hydrogen sulfide (H2S) are
calculated based on the maximum usage rate of sodium hydrosulfide per hour and on assumptions regarding the quantity of H2S
emissions.



TETRA TECH CALCULATION SHEET

CALC NO. REV NO. 5

ORIGINATOR / DATE: CHECKER / DATE:

PROJECT: JOB NO. SHEET NO. 33 of 37

SUBJECT: DETERMINATION OF POTENTIAL TO EMIT (PTE)

197 2010 0134 05

THOMAS J. SHEBER, P.E. / 10 12 11 KEITH A. JOHNSON, P.E. / 10 13 11

ORACLE RIDGE MINE CLASS II AIR QUALITY PERMIT 197 2010 0134

Reagent Hydrogen Sulfide Emissions (PTE) Cont'd

SULFIDE OXIDIZED

Sulfur Oxidized H2S Equivalent = [ 7.98 lbs H2S/hr ] x [ 0.70 ]
Sulfur Oxidized H2S Equivalent = 5.59 lbs/hr as H2S

Therefore:

MTE = [ 7.98 lbs H2S/hr ] [ 0.20 lbs H2S/hr ] [ 5.59 lbs (as H2S)/hr ]
MTE = 2.19 lbs/hr H2S
MTE = [ 2.19 lbs/hr ] x [ 8,760 hrs/yr ] ÷ 2000 lbs/ton

H2S PTE = MTE1 = 9.6 tpy

1Emissions are unrestricted and uncontrolled; therefore, potential emissions (PTE) are equivalent to MTE.

Oxidation of S 2 in the flotation slurry to sulfite or sulfate is expected to be 70 % of sulfide in the concentrate slurry.
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L. Xanthate Bag Breaker System Vent Emissions (PTE)
Process Description

Emissions Control Device

Emission Calculation Methodology:

Emission Calculation Parameters and Vendor Provided Data:
99.99%

30 grains/acf
0.0025 grains/acf

634 acfm

Emission Calculations (PTE):
0.33 lbs/day
2 lbs/wk

833 lbs/yr
PM = 0.42 tons/year

0.33 lbs/day
2 lbs/wk

833 lbs/yr
PM10 = 0.42 tons/year

Conversion Factors
1 grain = 2.29E 03 ounce

1 lb = 16 ounces
1 ton = 2,000 lbs

PM (lbs/day) = [(0.0025 gr/cf) x (634 cfm) x (60 min/hr) x (24 hr/day x (2.29E 03 oz/gr)] ÷ [16 oz/lb] =

PM10 (lbs/day) = [(0.0025 gr/scf) x (634 scfm) x (60 min/hr) x (24 hr/day)] ÷ [2.29E 03 oz/gr] ÷ [16 oz/lb] =

Bags of Xanthate material will be transfered by hand to a Bag Breaker System. The Bag Breaker is used to break 100 pound bags of
xanthate reagent and transfer the xanthate pellets to a vendor supplied Reagent Mixing/Dilution System. Because the bags are assumed to
weigh 100 pounds each and the amount of xanthate required at the peak Concentrator Plant process rate is 240 lbs/day, it is assumed that
the process will use 2.4 bags per day or about 3 bags per day. Although bag breaking does not occur all day, hourly emissions are averaged
over the 24 hour period.

PM Xanthate Bag Breaker Emissions (lbs/week) = [PM (lbs/day)] x [7 days/week] =

Inlet Grain Loading =
Guaranteed Outlet Grain Loading =

PM10 Xanthate Bag Breaker Emissions (lbs/year) = [PM10 (lbs/week)] x [52 weeks/year] =

Manufacturer guaranteed controlled emissions in grains per actual cubic foot are used for PM and PM10.

The Reagent Distribution System includes a Cyclonaire Bag Dump Station (See Appendix I) that uses plant compressed air at 3 scfm to 5
scfm compressed air at 90 psig to 110 psig for reverse pulse cleaning of Bag Dump Station filter elements . The Cyclonaire Bag Dump
Station includes a 634 cfm exhaust fan, 1.5 hp, and three (3) filter cartridges with a manufacturer supplied filter efficiency, inlet grain
loading, guaranteed outlet grain loading, and exhaust blower outlet flow rate shown below.

Filter Efficiency =

Operating Exhaust Flow Rate =

PM10 Xanthate Bag Breaker Emissions (lbs/week) = [PM10 (lbs/day)] x [7 days/week] =

PM Xanthate Bag Breaker Emissions (lbs/year) = [PM (lbs/week)] x [52 weeks/year] =



TETRA TECH CALCULATION SHEET

CALC NO. REV NO. 5

ORIGINATOR / DATE: CHECKER / DATE:

PROJECT: JOB NO. SHEET NO. 35 of 37

SUBJECT: DETERMINATION OF POTENTIAL TO EMIT (PTE)

197 2010 0134 05

THOMAS J. SHEBER, P.E. / 10 12 11 KEITH A. JOHNSON, P.E. / 10 13 11

ORACLE RIDGE MINE CLASS II AIR QUALITY PERMIT 197 2010 0134

M. Xanthate HAP Emissions (PTE) Tailings Dam
Process Description

Emission Calculation Parameters and Data:

Xanthate Molecular Weight, SIPX (MW) = 158 (dimensionless) Xanthate Decomposition Rates (Typical)
Carbon Disulfide Molecular Weight, CS2 (MW) = 76 (dimensionless)

Maximum SIPX Daily Usage = 240 lbs/day Conditions

% Hydrolytic decomposition to CS2 at Tailings Dam = 0.2 % Alkaline
Acidic

Emission Calculations (PTE):

(Ref #9, Page 22, Equation 3)

Where,
= Emission of CS2 (kg/yr)

D = 0.5

M xanthate = Mass of xanthate consumed (kg/yr) = (240 lbs/day) x (365 days/year) x (4.54E 01 kg/lb) = 3.97E+04 kg/yr
MWCS2 = Molecular weight of CS2 (= 76)
MW xanthate = Molecular weight of xanthate (= 158)

= 0.5 x 0.2% x 3.97E+04 kg/yr x (76 ÷ 158)
= 1.91E+01 kg/yr
= 4.21E+01 lbs/yr = 1.15E 01 lbs/day
= 2.11E 02 tons/yr
= 2.11E 02 tpy

Conversion Factors
1 lb = 4.54E 01 kilogram (kg)

1 ton = 2,000 lbs

(Assumes ORM Tailings Facility personnel maintain the tailings dam under
alkaline conditions.)

Ref 9 : Commonwealth of Australia, National Pollutant Inventory (NPI), Emission Estimation Technique Manual For Mining, Version 3.0,
Section 5.7 Carbon Disulfide, June 2011.

Xanthates are widely used in flotation processes and have the propensity to decompose in the presence of moisture and/or heat to
produce carbon disulfide (CAS #75150), a listed HAP under the U.S. Federal Clean Air Act (CAA), Title I, Section 112(b). When xanthates are
used as a flotation agent they are usually pre mixed with water at concentrations of about 10 per cent. Typical xanthates include sodium
ethyl xanthate (SEX) and sodium isobutyl xanthate (SIBX), etc. the ORM Facility will use sodium isopropyl xanthate (SIPX). Most of the
xanthates are retained in the froth that contains the ore concentrate collected during the flotation process. Some (approximately 1 per
cent) will be discharged to the tailings dam.

In the mining industry, xanthate solutions are usually used in a pH range of between 7 and 11. The decomposition stoichiometry will vary
with the form of xanthate used at particular facilities. The stoichiometry of xanthate composition, and hence carbon disulfide formation,
will also vary according to the pH. Assumed that 0.2 per cent will decompose hydrolytically to release carbon disulfide whereas heat and
low pH will accelerate this process (Ref #9).

Decomposition Coeficient "D"
(Stoichiometry of hydrlytic

decomposition of Xanthate to CS2)
1.0:0.5
1:1

The emissions of CS2 resulting from use of xanthates can be calculated using the following equation:

= Decomposition Coefficient

xanthate

CS
xanthateCS MW

MW
MDE 2

2
%2.0

2CSE

2CSE

2CSE

2CSE
2CSE

2CSE
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N. Unpaved Roadway Emissions (PTE)
TSP, PM 10 , and PM 2.5 Particulate Fugitive Emission Calculations for Vehicles on Unpaved Roads:
TSP, PM10, and PM2.5 = VMT x EF ,(lbs/year)

VMT = Vehicle Miles Traveled
Control Eff. = 70% (Use of water truck for dust suppression on unpaved roadways)
EF (lb/VMT) = k x (% silt content/12)a x (vehicle weight/3)b [Ref.: AP42, Equation (1a), page 13.2.2 4]

VMT Heavy = 788,022
VMT Light = 186,150

% silt content = 5.8%

NOTE:

Adjustment to EF for Natural Mitigation (Eext) =

where, Eext =
E = EF =

P =
P = 44 days/year

EF Heavy TSP (lb/VMT) = 4.9 x (17/12)0.7 x (25.4/3)0.45 = 0.307 lb/VMT [Ref.: AP42, Table 13.2.2 2, k=4.9, a=0.7, b=0.45]
EF Heavy PM10 (lb/VMT) = 1.5 x (17/12)0.9 x (25.4/3)0.45 = 0.094 lb/VMT [Ref.: AP42, Table 13.2.2 2, k=1.5, a=0.9, b=0.45]

EF Heavy PM2.5 (lb/VMT) = 0.15 x (17/12)0.9 x (25.4/3)0.45 = 0.003 lb/VMT [Ref.: AP42, Table 13.2.2 2, k=0.15, a=0.9, b=0.45]

Adjustments to EF for Natural Mitigation (Eext):

EF Heavy TSP (lb/VMT) = 0.307 x [(365 44) / 365] = 0.270 lb/VMT
EF Heavy PM10 (lb/VMT) = 0.094 x [(365 44) / 365] = 0.083 lb/VMT
EF Heavy PM2.5 (lb/VMT) = 0.003 x [(365 44) / 365] = 0.003 lb/VMT

EF Heavy TSP = 2.13E+05 lb/yr = 106 tpy = 5.82E+02 lbs/day
EF Heavy PM10 = 6.51E+04 lb/yr = 33 tpy = 1.78E+02 lbs/day
EF Heavy PM2.5 = 2.24E+03 lb/yr = 1 tpy = 6.14E+00 lbs/day

Controlled Emissions = Uncontrolledd Emissions x (1 0.70)
Note: Daily emissions based on 365 days per year to adhere to Pima County SIP definition for PTE.

EF Heavy TSP = 6.38E+04 lb/yr = 31.88 tpy = 174.67 lbs/day
EF Heavy PM10 = 1.95E+04 lb/yr = 9.76 tpy = 53.47 lbs/day
EF Heavy PM2.5 = 6.72E+02 lb/yr = 0.34 tpy = 1.92 lbs/day

EF Light TSP (lb/VMT) = 4.9 x (17/12)0.7 x (7.4/3)0.45 = 0.176 lb/VMT [Ref.: AP42, Table 13.2.2 2, k=4.9, a=0.7, b=0.45]
EF Light PM10 (lb/VMT) = 1.5 x (17/12)0.9 x (7.4/3)0.45 = 0.054 lb/VMT [Ref.: AP42, Table 13.2.2 2, k=1.5, a=0.9, b=0.45]
EF Light PM2.5 (lb/VMT) = 0.15 x (17/12)0.9 x (7.4/3)0.45 = 0.002 lb/VMT [Ref.: AP42, Table 13.2.2 2, k=0.15, a=0.9, b=0.45]

Adjustments to EF for Natural Mitigation (Eext):

EF Light TSP (lb/VMT) = 0.176 x [(365 63) / 365] = 0.155 lb/VMT
EF Light PM10 (lb/VMT) = 0.054 x [(365 63) / 365] = 0.047 lb/VMT
EF Light PM2.5 (lb/VMT) = 0.002 x [(365 63) / 365] = 0.002 lb/VMT

EF Light TSP = 2.88E+04 lb/yr = 14.4 tpy = 8.23E+01 lbs/day
EF Light PM10 = 8.82E+03 lb/yr = 4.4 tpy = 2.52E+01 lbs/day
EF Light PM2.5 = 3.04E+02 lb/yr = 1.52E 01 tpy = 8.68E 01 lbs/day

Controlled Emissions = Uncontrolledd Emissions x (1 0.70)
Note: Daily emissions based on 365 days per year to adhere to Pima County SIP definition for PTE.

EF Light TSP = 8.65E+03 lb/yr = 4.32 tpy = 23.69 lbs/day
EF Light PM10 = 2.65E+03 lb/yr = 1.32 tpy = 7.25 lbs/day
EF Light PM2.5 = 9.11E+01 lb/yr = 4.56E 02 tpy = 2.50E 01 lbs/day

Annual size specific emission factor extrapolated for natural mitigation.
Emission factor from AP42, Equation (1a), page 13.2.2 4.
Number of days is a year with at least 0.01 inches of precipitation.

Reference for the following natural mitigation emission factor adjustment > Western Governors' Association (WRAP) Fugitive Dust Handbook,
September 7, 2006, page 6 5.

E [ (365 P) / 365] , Equation (2) from WRAP Fugitive Dust Handbook (2006)

UNCONTROLLED EMISSIONS HEAVY DUTY VEHICLES

VMT (Heavy) from Section 7
VMT (Light) from Section 7
(Per AP42, Table 13.2.2 1, Taconite mining and processing used for Light Duty and Heavy Duty Vehicles most
representative entry)

CONTROLLED EMISSIONS HEAVY DUTY VEHICLES

UNCONTROLLED EMISSIONS LIGHT DUTY VEHICLES

CONTROLLED EMISSIONS LIGHT DUTY VEHICLES

for Tucson, Arizona [reference: The National Climatic Data Center (NCDC)].
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O. Construction Emissions (PTE)

Construction Particulate Emission Calculation Methodology

Construction Particulate Emission Calculations:
(1) Building Construction (Concentrator and Tailings Facility Buildings) Concentrator Plant Bldg 1.30

Total Area(s) of Construction = 1.55 acres Tailings Facility Bldg 0.25
Duration of Construction = 12 months Total Construction Area = 1.55 acres

Dust Control Permits in place watering used to control particulate emissions
Control Efficiency = 70%

PM10 emission factor, E, per AP42, Section 13.2.3.3
E = 1.2 tons/acre/month of activity

Building Construction Emissions:
PM10 (uncontrolled) = (1.2 tons/acre/mo) X (1.55 acres) X (12 months)

PM10 (uncontrolled) = 22.32 tons
PM10 (uncontrolled) = 44,640 lbs

PM10 (controlled) = 44,640 lbs X (1 70%)
PM10 (controlled) = 13,392 lbs
PM10 (controlled) = 6.70 tons

(2) Concentrate Pipeline Construction
Estimated Construction Area = Estimated twenty (20) feet construction alignment width x two (2) miles
Estimated Construction Area = ( 20 ft) x (2 miles x 5,280 ft/mile)
Estimated Construction Area = 2.11E+05 ft2

Estimated Construction Area = 4.85 acres
Duration of Construction = 3 months

Conversion Factors
1 acre = 43,560 ft2

1 mile = 5,280 ft

Concentrate Pipeline Construction Emissions:
PM10 (uncontrolled) = (1.2 tons/acre/mo) X (4.85 acres) X (3 months)
PM10 (uncontrolled) = 17.45 tons
PM10 (uncontrolled) = 34,909 lbs

PM10 (controlled) = 34,909 lbs X (1 70%)
PM10 (controlled) = 10,473 lbs
PM10 (controlled) = 5.24 tons

Particulate emission factor used is AP 42, Section 13.2.3.3 (Heavy Construction Operations).

ORM Facility construction emissions pertain to two (2) key above ground construction activities, (1) Concentrator Building and Tailings
Facility Building Construction, and (2) Tailings Pipeline Construction.

AREA OF
CONSTRUCT
ION (acres)

BUILDING STRUCTURE





























FIRE PUMP ENGINES

MODELS
JU4H-UF12 JU4H-UF22 JU4H-UF30 JU4H-UFH8 JU4H-UF40 JU4H-UF50
JU4H-UF14 JU4H-UFAB26 JU4H-UF32 JU4H-UFH0 JU4H-UF42 JU4H-UF52

JU4H-UF10 JU4H-UF20 JU4H-UF24 JU4H-UF34 JU4H-UFH2 JU4H-UF58 JU4H-UF54

JU4H
MODEL 

�

RATED SPEED US-EPA  
(NSPS)   

Available 
Until
�

1470 1760 2100 2350 2600 2800 3000

UF10 41 31 51 38 55 41 12/31/10
UF12 55 41 59 44 12/31/10
UF14 70 52 71 53 12/31/13 +
UF20 60 45 67 50 72 54 12/31/10
UF22 72 54 75 56 12/31/10
UFAB26 80 60 12/31/13 +
UF24 80 60 83 62 12/31/13 +
UF30 64 48 79 59 85 63 12/31/10
UF32 85 63 85 63 12/31/10
UF34 104 78 115 86 12/31/10 +
UFH8 63 47 73 54 12/31/13
UFH0 73 54 88 66 98 73 12/31/10
UFH2 98 73 99 74 12/31/10

UF40  94 70 105 78 106 79
12/31/10 �
12/31/09 �

UF42 106 79 106 79 12/31/09
UF58 79 59 110 82 12/31/09
UF50 110 82 130 97 127 95 12/31/09
UF52 127 95 127 95 12/31/09
UF54 145 108 145 108 12/31/12 +

FM-UL-cUL APPROVED RATINGS BHP/KW

ITEM
JU4H MODELS

UF10/12/14 UF20/22/AB26/24 UF30/32/34 UFH8/H0/H2 UF40/42 UF58/50/52/54
Number of Cylinders 4

Aspiration NA T

Rotation* CW

Weight – lb (kg) 910 (413) 935 (424)

Compression Ratio 17.6:1 17.0:1
Displacement – cu. in. (L) 275 (4.5)

Engine Type 4 Stroke Cycle – Inline Construction

Bore & Stroke – in. (mm) 4.19 x 5.00 (106 x 127)

Installation Drawing D534
Wiring Diagram AC C07591

Wiring Diagram DC C071590

Engine Series John Deere 4045 Series

Speed Interpolation OPT.

SPECIFICATIONS

Abbreviations:    CW – Clockwise    NA – Naturally Aspirated    T – Turbocharged   
*Rotation viewed from Heat Exchanger / Front of engine

FM

®

CERTIFIED POWER RATING
• Each engine is factory tested to verify power and performance.

• Although FM-UL ratings are shown at specific speeds, Clarke engines with optional 
speed interpolation can be applied at any intermediate speed.  To determine the 
intermediate speed power; make a linear interpolation from the Clarke FM-UL power 
curve.  Contact Clarke or your Pump OEM Representative to obtain details.

ENGINE RATINGS BASELINES
• Engines are to be used for stationary emergency standby fire pump service only. Engines 

are to be tested in accordance with NFPA 25.

• Engines are rated at standard SAE conditions of 29.61 in. (752.1 mm) Hg barometer and 
77°F (25°C) inlet air temperature [approximates 300 ft. (91.4 m) above sea level] by the 
testing laboratory (see SAE Standard J 1349).

• A deduction of 3 percent from engine horsepower rating at standard SAE conditions shall 
be made for diesel engines for each 1000 ft. (305 m) altitude above 300 ft. (91.4 m)

• A deduction of 1 percent from engine horsepower rating as corrected to standard SAE 
conditions shall be made for diesel engines for every 10°F (5.6°C) above 77°F (25°C) 
ambient temperature.

� USA EPA (NSPS) Emissions Compliant. Applies to John 
Deere model year per Table 4 of 40 CFR Part 60 Sub Part IIII.

� All Models are available for Export

+ Not Available in California

� Less than 100HP

� Greater than 99HP

UF34 104 78 115 86 12/31/10 +

4 JU4H-UF34



ENGINE EQUIPMENT

C13600 revJ
28JULY11

Specifications and information contained in this brochure subject to change without notice.

FIRE PUMP ENGINES

Fire Protection Products, Inc.
3133 E. Kemper Rd., Cincinnati, Ohio 45241
United States of America
Tel +1-513-475-FIRE (3473) Fax +1-513-771-0726
www.clarkefire.com

UK, Ltd.
Grange Works, Lomond Rd., Coatbridge, ML5-2NN
United Kingdom
Tel +44-1236-429946 Fax +44-1236-427274
www.clarkefire.com

MODELS®

®

EQUIPMENT STANDARD OPTIONAL
Air Cleaner Direct Mounted, Washable, Indoor Service with Drip Shield Disposable, Drip Proof, Indoor Service Outdoor Type
Alternator 12V-DC, 42 Amps with Poly-Vee Belt and Guard 24V-DC, 40 Amps with Poly-Vee Belt and Guard
Exhaust Protection Blankets on UF10/12/14/20/22/AB26/24;

Metal Guards on Manifolds and Turbocharger on 
UF30/32/34/H8/H0/H2/40/42/58/50/52/54 

Coupling Bare Flywheel Listed Driveshaft and Guard, UF10/12/14, UF20/22/AB26/24 –
CDS10-SC; UF30/32/34, UFH8/H0/H2, UF40/42 – CDS20-SC; 
UF58/50/52/54 – CDS30-S1

Exhaust Flex Connection For NA Engines - Stainless Steel Flex, NPT(M) Connection, 3”
For T Engines – Stainless Steel Flex, NPT(M) Connection, 4”

For NA Engines – Stainless Steel Flex, NPT(M) Connection, 4”
For T Engines - Stainless Steel Flex, 150#  ANSI Flanged 
Connection, 5”

Flywheel Housing SAE #3
Flywheel Power Take Off 11.5” SAE Industrial Flywheel Connection
Fuel Connections Fire Resistant, Flexible, USA Coast Guard Approved, Supply and 

Return Lines
Stainless Steel, Braided, cUL Listed, Supply and Return Lines

Fuel Filter Primary Filter with Priming Pump
Fuel Injection System Stanadyne Direct Injection

Engine Heater 120V-AC, 1500 Watt 240V-AC, 1500 Watt
Governor, Speed Constant Speed, Mechanical
Heat Exchanger Tube and Shell Type, 60 PSI (4 BAR), NPT(F) Connections
Instrument Panel English and Metric, Tachometer, Hourmeter, Water Temperature, 

Oil Pressure and Two (2) Voltmeters
Junction Box Integral with Instrument Panel; For DC Wiring Interconnection to 

Engine Controller
Lube Oil Cooler Engine Water Cooled, Plate Type
Lube Oil Filter Full Flow with By-Pass Valve
Lube Oil Pump Gear Driven, Gear Type
Manual Start Control On Instrument Panel with Control Position Warning Light
Overspeed Control Electronic with Reset and Test on Instrument Panel
Raw Water Solenoid Operation Automatic from Fire Pump Controller and from Engine Instrument 

Panel
Run – Stop Control On Instrument Panel with Control Position Warning Light
Run Solenoid 12V-DC Energized to Run 12V-DC Energized to Stop; 24V-DC Energized to Run; 24V-DC 

Energized to Stop
Starters Two (2) 12V-DC Two (2) 24V-DC 

Throttle Control Adjustable Speed Control, Tamper Proof 
Water Pump Centrifugal Type, Poly-Vee Belt Drive with Guard

Abbreviations:  DC –Direct Current,  AC – Alternating Current,  SAE – Society of Automotive Engineers,  NPT(F) – National Pipe Tapered Thread (Female),  NPT(M) – National
Pipe Tapered Thread (Male),  NA – Naturally  Aspirated,  T- Turbocharged,  ANSI – American National Standards Institute

JU4H-UF12 JU4H-UF22 JU4H-UF30 JU4H-UFH8 JU4H-UF40 JU4H-UF50
JU4H-UF14 JU4H-UFAB26 JU4H-UF32 JU4H-UFH0 JU4H-UF42 JU4H-UF52

JU4H-UF10 JU4H-UF20 JU4H-UF24 JU4H-UF34 JU4H-UFH2 JU4H-UF58 JU4H-UF54





















Project Sizing Report Data Date: 1/14/2010

Price List: Version: 2.5

U.S.

Project Name/Ref ## 11RMK00 Max Ambient Temperaturee 104.0F
Prepared Byy Bob Keller Altitudee 5,800.0 Ft. A.S.L

Modified Datee 5/10/2011 Electricity Supplyy 60 Hz 480/277 V
Customer Namee Lyntek - Oracle Ridge - 1250kw StandConnectionn STAR

Final Running Loadd 1,250.0 kVA 1,250.0 kW 1.00 PF
Max Running Non Linear Loadd 0.0 RkVA
Maximum Running Loadd 1,250.0 kVA 1,250.0 kW

Load Analysis Summary
Max Transient Load Stepp 1,250.0 SkVA 1,250.0 SkW
Peak Transient Loadd 1,250.0 SkVA 1,250.0 SkW

Fuell Diesel Rating Typee Standby
Dry Weightt 30,941.9 lbs
Length / Width / Heightt 232.1in / 99.9in / 108.2in

Feature Codee 512DE6C Site Outputt 1,330.3 kW / 1,662.9 kVA

Generator Set
Genset Modell (1) of 3512 C Nameplate Ratingg 1,500.0 kW / 1,875.0 kVA
Voltage Regulator and Slopee CDVR, 2:1 slope 0.8 PF

20%% 1,563 0 - 500 < 5.0 10.3 < 3
30%% 2,679 0 - 755 7.1 14.7 < 3
35%% 3,365 0 - 1000 12.0 23.8 3.5

Alternator Motor Starting Capability Block Load (only) Transient Response
Instantaneous Voltage Dip ** skVA Capability Load Change % FDip % VDip % Recovery Time (sec)

10%% 694 0 - 255 < 5.0 5.5 < 3

Synchronous - Quadrature Axiss Xq 2.1493 0.2641 Open Circuit Subtransient - Quadrature Axiss T"q0 0.0127
Synchronous - Direct Axiss Xd 4.3254 0.5315 Short Circuit Subtransient - Direct Axiss T"d 0.0056

Zero Sequencee X0 0.1229 0.0151 Armature Short Circuitt TA 0.0722
Negative Sequencee X2 0.3459 0.0425 Short Circuit Subtransient - Quadtrature Axiss T"q 0.0113

Subtransient - Direct Axiss X"d 0.2165 0.0266 Open Circuit Transient - Direct Axiss T'd0 3.9660
Reactances per unit ohms Generator Time Constants sec

Transient - Saturatedd X'd 0.3133 0.0385 Open Circuit Subtransient - Direct Axiss T"d0 0.0064
Subtransient - Quadrature Axiss X"q 0.4753 0.0584 Short Circuit Transient - Quadrature Axiss T'd 0.2874

Max Combustion Inlet Air Tempp 121.6 F Exhaust Recoverablee 35,316 BTU/min
Mechanical Sound Levell 101   dBA at 23 ft/7 m Rejection To Exhaustt 75,465 BTU/min
Exhaust Sound Levell 103   dBA at 23 ft/7 m Rejection To Atmospheree 7,052 BTU/min

Combustion Airfloww 4,573.2 cfm Exhaust Stack Temperaturee 764 F

Engine Performance Numberr DM8260
Cooling System Airflow ** 73,277.9 cfm Exhaust Flange Sizee 8in
Cooling System Ambient Capabilityy 114.8 F Exhaust Flow Ratee 11,061 cfm

Aspirationn TA Governorr ADEM3
Make/Modell 3512 C Emissions/Certificationss EPA T2

Engine Technical Data at 100% Load

Cylinder Configurationn 60V - 12 Aftercooler Typee ATAAC

Fuel Ratee 104.8 gph Rejection To Oil Coolerr 11,260 BTU/min
Speedd 1800 RPM Rejection To Aftercoolerr 27,411 BTU/min
Displacementt 3,161 Cubic Inch / 52 Liter Rejection To Jacket Waterr 35,031 BTU/min

Alternator Winding Pitchh 0.7333 Rejection To Atmospheree 3,645.3 BTU/min
Number Of Poless 4 Peak Amps / Rated Ampss *** / 2,255.3
Excitation / Winding Typee PM / RANDOM Short Circuit Ratioo 0.2600

Alternator Technical Data
Alternator Arrangement Numberr 2628100 Insulationn CLASS H
Alternator Type / Frame Sizee SR4B / 697 Temperature Risee 130 C

Overall dimensions and weight not to be used for installation. Contact your Caterpillar dealer for specific dimension drawings.

Maximum voltage distortion due to non-linear load calculated to be within specified limits.

C

Caterpillar makes no express warranties and disclaims all implied warranties including merchantability and fitness for a particular purpose regarding program.  Caterpillar shall have no 
liability in law or equity for damages consequential or otherwise arising from use of program and related material or any part thereof. The analysis provided from SpecSizer is only for the 
expected results at the generator terminals.  Analysis of transient conditions of any device downstream is the responsibility of the system designer.

* Based on 1/2 inch water (0.12 kPa) external restriction and 1000 ft (300m) altitude.

Notes:

*** See your Caterpillar dealer and/or Spec Sheet for technical information.

** Based on instantaneous voltage dip as defined per NEMA MG-1.

Fuel Diesel

Fuel Rate 104.8 gph



1.
1

1
1,

25
0.

00
 k

W
 -

 M
is

ce
lla

ne
ou

s 
Lo

ad
s

R
es

is
tiv

e,
 3

-P
ha

se
30

%
30

%
1,

25
0.

0
1,

25
0.

0
1,

25
0.

0
1,

25
0.

0

T
ot

al
 T

hr
ou

gh
 S

te
p 

1
1,

25
0.

0
1,

25
0.

0
1,

25
0.

0
1,

25
0.

0

S
te

p 
1 

T
ot

al
30

%
30

%
8.

5%
16

.7
%

1,
25

0.
0

1,
25

0.
0

1,
25

0.
0

1,
25

0.
0

8.
5%

13
.3

%
16

.7
%

S
te

p 
1

S
el

ec
tio

n 
C

rit
er

ia
:  

S
te

p 
P

as
se

d

S
kV

A
S

kW
S

kV
A

S
kW

kV
A

kW

M
ax

im
um

 S
te

p
M

ax
im

um
 P

ea
k

F
in

al
 R

un
ni

ng

Lo
ad

 A
na

ly
si

s 
S

um
m

ar
y

1,
25

0.
0

1,
25

0.
0

1,
25

0.
0

1,
25

0.
0

1,
25

0.
0

1,
25

0.
0

Lo
ad

 D
et

ai
ls

P
er

m
itt

ed
 D

ip
P

re
di

ct
ed

 D
ip

Lo
ad

 A
na

ly
si

s
Lo

ad
S

te
p

Lo
ad

 D
es

cr
ip

tio
n

F
re

qu
en

cy
V

ol
ta

ge
F

re
qu

en
cy

V
ol

ta
ge

T
ra

ns
ie

nt
In

ru
sh

R
un

ni
ng

R
es

ul
ta

nt
P

ea
k

C
um

ul
at

iv
e

R
un

ni
ng

F
di

p
V

di
p 

1
V

di
p 

2

S
kV

A
S

kW
kV

A
kW

S
kV

A
S

kW
kV

A
kW

P
ro

je
ct

 L
oa

d 
R

ep
or

t
D

at
a 

D
at

e:
 1

/1
4/

20
10

V
er

si
on

: 2
.5

P
ro

je
ct

 N
am

e/
R

ef
 ##

11
R

M
K

00
E

le
ct

ric
ity

 S
up

pl
yy

60
 H

z 
48

0/
27

7 
V

P
re

pa
re

d 
B

yy
B

ob
 K

el
le

r

M
od

ifi
ed

 D
at

ee
5/

10
/2

01
1

R
at

in
g 

T
yp

ee
S

ta
nd

by
M

ax
 A

m
bi

en
t T

em
pe

ra
tu

ree
10

4 
D

eg
. F

C
us

to
m

e r
 N

am
e::

Ly
nt

ek
 -

 O
ra

cl
e 

R
id

ge
 -

 1
F

ue
ll

D
ie

se
l

A
lti

tu
dee

5,
80

0.
0 

F
t. 

A
.S

.L



T
ra

ns
ie

nt
 P

er
fo

rm
an

ce
 R

ep
or

t
D

at
a 

D
at

e:
 1

/1
4/

20
10

P
ric

e 
Li

st
:

V
er

si
on

: 2
.5

U
.S

.

S
yn

ch
ro

no
us

 (
V

di
p 

1)
 -

 1
3.

3%

F
re

qu
en

cy
-in

du
ce

d 
(V

di
p 

2)
 -

 1
6.

7%

P
re

di
ct

ed
 -

 8
.5

%
P

re
di

ct
ed

 -
 1

6.
7%

S
te

p 
1

F
re

qu
en

cy
 D

ip
V

ol
ta

ge
 D

ip

P
er

m
itt

ed
 -

 3
0.

0%
P

er
m

itt
ed

 -
 3

0.
0%

1,
50

0.
0 

E
kW

 / 
1,

87
5.

0 
kV

A
 6

0 
H

z 
S

ta
nd

by
, 4

80
/2

77
V

, 3
51

2 
A

T
A

A
C

 E
P

A
 T

2,
 6

97
 P

M
 S

R
4B

 R
A

N
D

O
M

, C
D

V
R

 2
:1

 s
lo

pe

S
el

ec
te

d 
G

en
er

at
or

 S
et

0 
- 

500
<

 5
.0

10
.3

<
 3

0 
- 

755
7.

1
14

.7
<

 3
0 

- 
10

00
12

.0
23

.8
3.

5

B
lo

ck
 L

oa
d 

(o
nl

y)
 T

ra
ns

ie
nt

 R
es

po
ns

e
Lo

ad
 C

ha
ng

e 
%

F
D

ip
 %

V
D

ip
 %

R
ec

ov
er

y 
T

im
e 

(s
ec

)
0 

- 
255

<
 5

.0
5.

5
<

 3

T
he

 s
el

ec
te

d 
re

pr
es

en
ta

tiv
e 

ge
ne

ra
to

r 
se

t w
as

 fa
ct

or
y 

te
st

ed
 in

 a
cc

or
da

nc
e 

to
 N

F
P

A
 

11
0 

bl
oc

k 
lo

ad
 s

te
p 

ca
pa

bi
lit

y 
an

d 
ac

ce
pt

ab
le

 fr
eq

ue
nc

y 
an

d 
vo

lta
ge

 r
es

po
ns

e 
on

 lo
ad

 
ad

di
tio

n 
an

d 
re

je
ct

io
n.

T
ra

ns
ie

nt
 P

er
fo

rm
an

ce

S
el

ec
tio

n 
C

rit
er

ia
:

F
di

p:
V

di
p 

1:
V

di
p 

2:

8.
5%

13
.3

%
16

.7
%

V
ol

ta
ge

 D
ip

F
re

qu
en

cy
 D

ip

K
ey

0 
- 

10
0 

Lo
ad

 C
ha

ng
e 

%

R
ec

ov
er

y 
T

im
e 

(s
ec

)

V
ol

ta
ge

 D
ip

F
re

qu
en

cy
 D

ip

K
ey

3.
5

0

Lo
ad

 S
ce

na
rio































































O
RA

CL
E
RI
DG

E
M
IN
E
(O
RM

)
RE

AG
EN

T
SU

M
M
AR

Y
RE

AG
EN

T
TY

PE
CH

EM
IC
AL

N
AM

E
CO

M
PO

SI
TI
O
N

LI
ST
ED

HA
P1

VO
C2

DA
IL
Y
U
SA

G
E3

%
VO

C
Pr
od

uc
tN

am
e

Co
m
po

si
tio

n
%
(b
y
w
ei
gh
t)

CA
S
#

Ye
s/

N
o

Ye
s/

N
o

lb
s/
da

y
(b
y
vo
lu
m
e)

M
IR

4
O
RM

FA
CI
LI
TY

LO
CA

TI
O
N
O
F
U
SA

G
E

FR
O
TH

ER
16

2
lb
s/
da
y

10
0%

2.
89

M
IN
E
FA

CI
LI
TY

CO
N
CE

N
TR

AT
O
R
BU

IL
DI
N
G

(C
H 3
) 2
CH

CH
2C
H(
O
H)
CH

3
M
et
hy
lI
so
bu

ty
lC
ar
bi
no

l(
M
IB
C)

M
et
hy
lI
so
bu

ty
lC
ar
bi
no

l
60

%
to

10
0%

00
01

08
11

2
N
o

Ye
s

18
lb
s/
da
y

10
0%

2.
89

M
IN
E
FA

CI
LI
TY

CO
N
CE

N
TR

AT
O
R
BU

IL
DI
N
G

LI
M
E

15
00

lb
s/
da
y

N
A

N
A

M
IN
E
FA

CI
LI
TY

CO
N
CE

N
TR

AT
O
R
BU

IL
DI
N
G

Ca
lc
iu
m

M
ag

ne
siu

m
Hy

dr
ox
id
e

Ca
(O
H)

2
Ca
lc
iu
m

Hy
dr
ox
id
e

LT
58

%
00

13
05

62
0

N
o

N
o

N
A

N
A

M
g(
O
H)

2
M
ag
ne

siu
m

Hy
dr
ox
id
e

LT
38

%
00

13
09

42
8

N
o

N
o

N
A

N
A

Ca
M
gC

2O
6

Do
lo
m
ite

LT
1%

01
63

89
88

1
N
o

N
o

N
A

N
A

M
gO

M
ag
ne

siu
m

O
xi
de

LT
1%

00
13

09
48

4
N
o

N
o

N
A

N
A

Si
O
2

Cr
ys
ta
lli
ne

Si
lic
a

N
A

01
48

08
60

7
N
o

N
o

N
A

N
A

FL
O
CC

U
LA
N
T

30
lb
s/
da
y

*
N
A

*
N
A

M
IN
E
FA

CI
LI
TY

CO
N
CE

N
TR

AT
O
R
BU

IL
DI
N
G

60
lb
s/
da
y

*
N
A

*
N
A

TA
IL
IN
GS

FA
CI
LI
TY

DR
Y
FI
LT
ER

PL
AN

T
*N

ot
e:
N
o
ch
em

ic
al
co
m
po

un
ds

or
co
m
po

si
tio

n
on

M
SD

S
*
N
on

e
Li
st
ed

*
N
on

e
Li
st
ed

*
N
A

*
N
A

(P
ol
ym

er
Ve

nt
ur
es
,I
nc
.
Pr
od

uc
tC

od
e:
PV

DA
F3
0)

CO
N
DI
TI
O
N
IN
G
RE

AG
EN

T
24

0
lb
s/
da
y

20
%

(s
ee

be
lo
w
)

M
IN
E
FA

CI
LI
TY

CO
N
CE

N
TR

AT
O
R
BU

IL
DI
N
G

So
di
um

Is
op

ro
py
lX
an

th
at
e
(N
AX

31
)

C 4
H 7
O
S 2
N
a

So
di
um

Is
op

ro
py
lX
an
th
at
e

60
%
to

10
0%

00
01

40
93

2
N
o

N
o

N
A

N
A

N
aO

H
So
di
um

Hy
dr
ox
id
e

1%
to

5%
00

13
10

73
2

N
o

N
o

N
A

N
A

(C
H 3
) 2
CH

CH
2O
H

Is
op

ro
pa
no

l
1%

to
5%

00
00

67
63

0
N
o

Ye
s

10
0%

0.
71

So
di
um

Hy
dr
os
ul
fid

e
(D
el
iv
er
ed

in
cr
ys
ta
lli
ne

,f
la
ke
,o
rp

ow
de

rf
or
m

th
en

hy
dr
at
ed

in
to

slu
rr
y,
us
ag
e
ra
te

=
0.
2
lb
/t
on

)
>

60
0
lb
/d
ay

N
A

N
A

M
IN
E
FA

CI
LI
TY

CO
N
CE

N
TR

AT
O
R
BU

IL
DI
N
G

N
aH

S
So
di
um

Hy
dr
os
ul
fid

e
N
aH

S
•
H 2
O

So
di
um

Hy
dr
os
ul
fid

e
66

%
01

67
21

80
5

H 2
O

W
at
er

27
%

00
77

32
18

5
N
a 2
S
•
3H

2O
So
di
um

Su
lfi
de

<
6%

00
13

13
82

2
N
a 2
CO

3
So
di
um

Ca
rb
on

at
e

1%
00

04
97

19
8

AL
TE
RN

AT
E
O
PE

RA
TI
N
G
SC
EN

AR
IO

(U
se

of
Po

ta
ss
iu
m

Am
yl
Xa

nt
ha

te
,P

AX
,i
n
pl
ac
e
of

AE
RO

34
3
Xa

nt
ha

te
)

O
R

Po
ta
ss
iu
m

Am
yl
Xa
nt
ha
te

(P
AX

)
(D
el
iv
er
ed

in
Pe

lle
tf
or
m

th
en

hy
dr
at
ed

in
to

slu
rr
y,
us
ag
e
ra
te

=
0.
12

lb
s/
to
n
of

pl
an
tf
ee
d)

>
36

0
lb
s/
da
y

N
A

N
A

M
IN
E
FA

CI
LI
TY

CO
N
CE

N
TR

AT
O
R
BU

IL
DI
N
G

Po
ta
ss
iu
m

Su
lfi
de

~
1%

00
13

12
73

8
N
o

N
o

N
A

N
A

Ca
rb
on

od
ith

io
ic
Ac
id
,(
3
m
et
hy
lb
ut
yl
)e

st
er
,p
ot
as
siu

m
sa
lt

>
90

%
00

19
28

70
1

N
o

N
o

N
A

N
A

Po
ta
ss
iu
m

Hy
dr
ox
id
e

0%
to

1%
00

13
10

58
3

N
o

N
o

N
A

N
A

N
O
TE
S:

1 2 3 4

DE
FI
N
IT
IO
N
S:

Ae
ro
fr
ot
h
70
®
Fr
ot
he

r
(L
iq
ui
d
fo
rm

,u
sa
ge

ra
te

=
0.
05

lb
s/
to
n
of

pl
an
tf
ee
d)

>

DA
F
30

(P
ow

de
rf
or
m
,u
sa
ge

ra
te

=
0.
01

lb
s/
to
n
of

co
nc
en

tr
at
e)

>

AE
RO

34
3
Xa
nt
ha
te

(D
el
iv
er
ed

in
Pe

lle
tf
or
m

th
en

hy
dr
at
ed

in
to

slu
ry
,u
sa
ge

ra
te

=
0.
08

lb
s/
to
n
of

pl
an
tf
ee
d)

>

"
"

(P
ow

de
rf
or
m
,u
sa
ge

ra
te

=
0.
02

lb
s/
to
n
of

ta
ili
ng
s)

>

Li
st
in
g
pe

rU
ni
te
d
St
at
es

Fe
de

ra
lC
le
an

Ai
rA

ct
,T
itl
e
I,
Se
ct
io
n
11

2(
b)

Ha
za
rd
ou

sA
ir
Po

llu
ta
nt
s(
HA

P)
.

Ae
ro
fr
ot
h
65
®
Fr
ot
he

r
(L
iq
ui
d
fo
rm

,u
sa
ge

ra
te

=
0.
00

6
lb
s/
to
n
of

pl
an
tf
ee
d)

>

Vo
la
til
e
O
rg
an

ic
Co

m
po

un
d
(V
O
C)

A
VO

C
is
on

e
of

a
gr
ou

p
of

ca
rb
on

co
nt
ai
ni
ng

co
m
po

un
ds

th
at

ev
ap
or
at
e
re
ad
ily

at
ro
om

te
m
pe

ra
tu
re
.H

ow
ev
er
,f
or

ai
rp

er
m
itt
in
g
pu

rp
os
es
,a
nd

,a
sd

ef
in
ed

in
40

CF
R
51
.1
00

(s
),
th
e
te
rm

VO
C
in
cl
ud

es
an
y
co
m
po

un
d
of

ca
rb
on

(e
xc
lu
di
ng

ca
rb
on

m
on

ox
id
e,
ca
rb
on

di
ox
id
e,
ca
rb
on

ic
ac
id
,m

et
al
lic

ca
rb
id
es

or
ca
rb
on

at
es
,a
nd

am
m
on

iu
m

ca
rb
on

at
e)

w
hi
ch

pa
rt
ic
ip
at
es

in
at
m
os
ph

er
ic
ph

ot
oc
he

m
ic
al
re
ac
tio

ns
.T
he

se
ph

ot
oc
he

m
ic
al
re
ac
tio

ns
co
nt
rib

ut
e
to

oz
on

e
an
d
ar
e
th
er
ef
or
e
co
ns
id
er
ed

to
be

oz
on

e
pr
ec
ur
se
rs
.T
rp
os
ph

er
ic
or

gr
ou

nd
le
ve
lo
zo
ne

(i.
e.
,s
m
og
)i
sf
or
m
ed

by
a
co
m
bi
na
tio

n
of

su
n,
ni
tr
og
en

ox
id
es

(N
O
x)
,c
ar
bo

n
m
on

ox
id
e
(C
O
),
an
d
VO

Cs
,s
uc
h
as

xy
le
ne

.E
xa
m
pl
es

of
oz
on

e
pr
ec
ur
se
rV

O
Cs

in
cl
ud

e
tr
ic
hl
or
oe

th
an
e;
tr
ic
hl
or
oe

th
yl
en

e;
an
d
be

nz
en

e,
to
lu
en

e,
et
hy
lb
en

ze
ne

,a
nd

xy
le
ne

(B
TE
X)
.T
he

se
co
nt
am

in
an
ts
ty
pi
ca
lly

ar
e
ge
ne

ra
te
d
fr
om

m
et
al
de

gr
ea
sin

g,
pr
in
te
d
ci
rc
ui
tb

oa
rd

cl
ea
ni
ng
,g
as
ol
in
e,
an
d
w
oo

d
pr
es
er
vi
ng

pr
oc
es
se
s.

M
ax
im

um
In
cr
em

en
ta
lR
ea
ct
iv
ity

(M
IR
)

An
in
cr
em

en
ta
lr
ea
ct
iv
ity

(IR
)c
al
cu
la
te
d
fo
ra

vo
la
til
e
or
ga
ni
c
m
ix
tu
re

w
he

re
th
e
em

iss
io
ns

of
N
O
x
(N
O
+
N
O
2)

ha
ve

be
en

ad
ju
st
ed

to
m
ax
im

ize
th
e
ca
lc
ul
at
ed

M
IR
.
IR

=
[O
3]
/
[V
O
C]
.F
or

a
sp
ec
ifi
ed

se
to

fm
et
eo

ro
lo
gi
ca
lc
on

di
tio

ns
,

em
iss
io
ns
,a
nd

in
iti
al
co
nc
en

tr
at
io
ns
,t
he

in
cr
em

en
ta
lr
ea
ct
iv
ity

of
an

or
ga
ni
c
co
m
po

un
d
is
th
e
ch
an
ge

in
th
e
pe

ak
oz
on

e
co
nc
en

tr
at
io
n,
in
gr
am

s,
di
vi
de

d
by

an
in
cr
em

en
ta
lc
ha
ng
e
in
th
e
in
iti
al
co
nc
en

tr
at
io
n
an
d
em

iss
io
ns

of
th
e
or
ga
ni
c
co
m
po

un
d.

M
ax
im

um
In
cr
em

en
ta
lR
ea
ct
iv
ity

,M
IR

(s
ee

de
fin

iti
on

be
lo
w
).
M
IR

lis
te
d
va
lu
es

pe
rS

AP
RC

07
Ch

em
ic
al
M
ec
ha
ni
sm

so
ft
w
ar
e
de

ve
lo
pe

d
by

th
e
Co

lle
ge

of
En
gi
ne

er
in
g
Ce

nt
er

fo
rE

nv
iro

nm
en

ta
lR
es
ea
rc
h
an
d
Te
ch
no

lo
gy

(C
E
CE

RT
)a
tt
he

U
ni
ve
rs
ity

of
Ca
lif
or
ni
a
at

Ri
ve
rs
id
e

(U
CR

)w
ith

fu
nd

in
g
by

th
e
Ca
lif
or
ni
a
Ai
rR

es
ou

rc
es

Bo
ar
d
(C
AR

B)
.

Li
m
at
e,
Do

lo
m
iti
c
Hy

dr
at
ed

Li
m
e

(G
ra
nu

al
rf
or
m
,u
sa
ge

ra
te

=
0.
5
lb
s/
to
n
of

pl
an
tf
ee
d)

>

Pe
rE

PA
40

CF
R
51

.1
00

de
fin

iti
on

of
VO

Cs
th
at

in
cl
ud

es
lis
to

fV
O
Cs

sp
ec
fic
al
ly
ex
cl
ud

ed
fr
om

th
e
de

fin
iti
on

(i.
e.
no

n
pr
ec
ur
so
rs
to

oz
on

e,
no

tp
ho

to
re
ac
tiv

e)
.

Se
e
Pe

rm
it
Se
ct
io
n
…
fo
rP

ro
ce
ss
De

sc
rip

tio
n
fo
rd

et
ai
ls
re
ga
rd
in
gs

us
ag
e
ra
te
s.

Vo
la
til
iza

tio
n

Th
e
co
nv
er
sio

n
of

a
ch
em

ic
al
su
bs
ta
nc
e
fr
om

a
liq
ui
d
or

so
lid

st
at
e
to

a
ga
se
ou

sv
ap
or

st
at
e.

O
ra
cl
e
Ri
dg
e
M
in
in
g,
LL
C

Cl
as
sI
IA

ir
Q
ua
lit
y
Pe

rm
it
Ap

pl
ic
at
io
n

O
ct
ob

er
20

11
PT
E
Ca
lc
ul
at
io
ns

Ap
pe

nd
ix
F,
Pa
ge

1
of

4



O
RA

CL
E
RI
DG

E
M
IN
E
RE

AC
TI
VE

VO
C
EM

IS
SI
O
N
S
SU

PP
O
RT

DO
CU

M
EN

TA
TI
O
N

Ta
bl
e
C
1

Li
st
in
g
of

de
ta
ile
d
m
od

el
sp
ec
ie
s,
th
ei
rr
ep

re
se
nt
at
io
n
in
th
e
m
od

el
,a
tm

os
ph

er
ic
re
ac
tiv

ity
es
tim

at
es
,a
nd

un
ce
rt
ai
nt
y
as
sig

nm
en

ts
.(
U
pd

at
ed

2/
5/
03

N
am

e
De

sc
rip

tio
n

CA
S

N
um

be
r

M
W
t

U
nc

[a
]

Ex
p
[b
]

N
ot
es

[c
]

M
IR

[d
]

U
L
M
IR

[e
]

Re
pr
es
en

ta
tio

n
in
M
od

el
[f
]

Lu
m
p
G
p.

[g
]

Ad
jP
ro
d
[h
]

Se
q

M
IR

[d
]

U
L
M
IR

[e
]

Re
p'
d

M
IB
U
CB

N
4
m
et
hy
l2

pe
nt
an
ol
(m

et
hy
li
so
bu

ty
lc
ar
bi
no

l)
10

8
11

2
10

2.
18

3
2.
89

(1
6.
29

)
Ge

n'
d

CH
3
CH

(O
H)

CH
2
CH

(C
H3

)C
H3

AL
K5

ye
s

38
7

2.
88

5
16

.2
9

TR
U
E

IC
3
O
H

Is
op

ro
py
lA

lc
oh

ol
67

63
0

60
.1
0

1
1

2,
3

0.
71

(7
.2
1)

Ge
n'
d

CH
3
CH

(O
H)

CH
3

AL
K4

37
2

0.
71

0
7.
21

TR
U
E

N
O
TE
S:
[a
]

[b
]

[c
]

[d
]

[e
] [f] [g
]

[h
]

Co
de

De
sc
rip

tio
n

0 1 2 3 4 5 6 a b c d e

Co
de

De
sc
rip

tio
n

1 2 3 4 5 6 7 8 9 a b c. d e

U
nc
er
ta
in
ty
co
de

sa
re

gi
ve
n
in
Ta
bl
e
C
2.

Ex
pe

rim
en

ta
ld
at
a
av
ai
la
bi
lit
y
co
de

sa
re

gi
ve
n
in
Ta
bl
e
C
3.

N
ot
es

on
re
pr
es
en

ta
tio

n
of

th
e
de

ta
ile
d
m
od

el
sp
ec
ie
sa

re
gi
ve
n
in
Ta
bl
e
C
4.

M
ax
im

um
in
cr
em

en
ta
lr
ea
ct
iv
ity

in
un

its
of

gr
am

sO
3
pe

rg
ra
m

VO
C.

U
pp

er
lim

it
m
ax
im

um
in
cr
em

en
ta
lr
ea
ct
iv
ity

in
un

its
of

gr
am

sO
3
pe

rg
ra
m

VO
C.
Pa
re
nt
he

se
si
nd

ic
at
e
th
at

th
e
M
IR

is
no

tc
on

sid
er
ed

to
be

su
fic
ie
nt
ly
un

ce
rt
ai
n
th
at

us
e
of

up
pe

rl
im

it
va
lu
es

ar
e
ap
pr
op

ria
te
.

Re
pr
es
en

ta
tio

n
in
th
e
m
ec
ha
ni
sm

:"
Ex
pl
"=

ex
pl
ic
it
in
th
e
ba
se

m
ec
ha
ni
sm

;"
As
n'
d"

=
m
ec
ha
ni
st
ic
pa
ra
m
et
er
sa

ss
ig
ne

d;
"G

en
'd
"=

m
ec
ha
ni
st
ic
pa
ra
m
et
er
sg

en
er
at
ed

us
in
g
th
e
m
ec
ha
ni
sm

ge
ne

ra
tio

n
sy
st
em

,u
sin

g
th
e
st
ru
ct
ur
e
sh
ow

n;
"L
.M

ol
"=

re
pr
es
en

te
d
on

a
m
ol
e
fo
rm

ol
e
ba
sis

by
th
e
m
od

el
sp
ec
ie
so

rm
ix
tu
re

sh
ow

n;
"
"=

no
t

re
pr
es
en

te
d
in
cu
rr
en

tv
er
sio

n
of

th
e
m
ec
ha
ni
sm

;"
M
ix
"=

m
ix
tu
re
.

Cu
rr
en

tm
ec
ha
ni
sm

is
pr
ob

ab
ly
in
co
rr
ec
t,
bu

tb
ia
se
si
n
at
m
os
ph

er
ic
re
ac
tiv

ity
pr
ed

ic
tio

ns
ar
e
un

ce
rt
ai
n.
It
is
re
co
m
m
en

de
d
th
at

un
ce
rt
ai
nt
y
ad
ju
st
m
en

ts
be

em
pl
oy
ed

in
re
gu
la
to
ry

ap
pl
ic
at
io
ns

Ta
bl
e
C
2.

U
nc
er
ta
in
ty
co
de

su
se
d
in
th
e
lis
tin

g
of

th
e
de

ta
ile
d
m
od

el
sp
ec
ie
s

N
o
re
pr
es
en

ta
tio

n
of

th
is
co
m
po

un
d
ha
sb

ee
n
de

ve
lo
pe

d
fo
rt
hi
sv

er
sio

n
of

th
e
m
ec
ha
ni
sm

Co
m
po

un
d
be

lie
ve
d
to

be
un

re
ac
tiv

e.

Lu
m
pe

d
gr
ou

p
us
ed

w
he

n
re
pr
es
nt
in
g
th
is
co
m
po

un
d
in
am

bi
en

ts
im

ul
at
io
ns

us
in
g
th
e
re
co
m
m
en

de
d
co
nd

en
se
d
m
ec
ha
ni
sm

.N
ot
e
th
at

ET
HE

,I
SO

P,
IP
RD

,M
AC

R
ar
e
sh
or
tf
or

ET
HY

LE
N
E,
IS
O
PR

EN
E,
IS
O
PR

O
D,

AN
D
M
ET
HA

CR
O
,r
es
pe

ct
iv
el
y.

A
"y
es
"i
nd

ic
at
es

th
at

th
e
m
ec
ha
ni
sm

sf
or

th
e
m
od

el
sp
ec
ie
sf
or

th
e
m
or
e
re
ac
tiv

e
pr
od

uc
ts
w
er
e
ad
ju
st
ed

ba
se
d
on

th
e
es
tim

at
ed

m
ec
ha
ni
sm

sf
or

th
e
pr
ed

ic
te
d
pr
od

uc
ts
as

de
sc
rib

ed
in
Se
ct
io
n
III
.M

of
th
e
SA

PR
C
99

do
cu
m
en

ta
tio

n
re
po

rt
.

U
nc
er
ta
in
m
ec
ha
ni
sm

m
ay

ch
an
ge

so
m
ew

ha
ti
fr
ef
in
ed

,b
ut

ch
an
ge

is
ex
pe

ct
ed

to
be

le
ss
th
an

a
fa
ct
or

of
tw

o.
If
th
e
co
m
po

un
d
is
pr
ed

ic
te
d
to

in
hi
bi
tO

3,
ch
an
ge
sa

re
no

te
xp
ec
te
d
to

af
fe
ct
pr
ed

ic
te
d
in
hi
bi
tio

n,
bu

tm
ay

af
fe
ct
m
ag
ni
tu
de

of
in
hi
bi
tio

n.
Th
is
co
de

is
al
so

us
ed

fo
rc
om

po
un

ds
w
ho

se
re
ac
tiv

iti
es

ar
e
ex
pe

ct
ed

to
be

hi
gh
ly
se
ns
iti
ve

to
am

bi
en

tc
on

di
tio

ns
or

to
ch
an
ge
si
n
th
e
ba
se

m
ec
ha
ni
sm

.

U
nc
er
ta
in
an
d
m
ay

ch
an
ge

if
co
m
po

un
d
is
st
ud

ie
d
(o
rs
tu
di
ed

fu
rt
he

r)
or

es
tim

at
io
n
m
et
ho

ds
ar
e
up

da
te
d.
Ch

an
ge

in
M
IR

co
ul
d
be

as
m
uc
h
as

a
fa
ct
or

of
tw

o.
Th
is
co
de

is
al
so

us
ed

fo
r(
1)

co
m
po

un
ds

w
ho

se
re
ac
tiv

iti
es

ar
e
ex
pe

ct
ed

to
be

se
ns
iti
ve

to
th
e
re
pr
es
en

ta
tio

n
of

th
e
re
ac
tiv

e
pr
od

uc
ts
,w

ho
se

ac
cu
ra
cy

is
di
ffi
cu
lt
to

te
st

ex
pe

rim
en

ta
lly

an
d
(2
)c
om

po
un

ds
w
ho

se
re
ac
tiv

iti
es

ar
e
ex
pe

ct
ed

to
be

hi
gh
ly
se
ns
iti
ve

to
am

bi
en

tc
on

di
tio

ns
or

to
ch
an
ge
si
n
th
e
ba
se

m
ec
ha
ni
sm

.

Co
ns
id
er
ed

to
be

re
la
tiv

el
y
un

ce
rt
ai
n,
or

so
m
e
un

ce
rt
ai
nt
ie
sb

ut
re
ac
tiv

ity
is
no

te
xp
ec
te
d
to

ch
an
ge

sig
ni
fic
an
tly

U
nc
er
ta
in
an
d
is
ex
pe

ct
ed

to
ch
an
ge

if
co
m
po

un
d
is
st
ud

ie
d
or

es
tim

at
io
n
m
et
ho

ds
ar
e
up

da
te
d.
It
is
re
co
m
m
en

de
d
th
at

un
ce
rt
ai
nt
y
ad
ju
st
m
en

ts
be

em
pl
oy
ed

in
re
gu
la
to
ry

ap
pl
ic
at
io
ns

N
on

ne
gl
ig
ib
le
ch
an
ce

of
th
e
es
tim

at
e
be

in
g
in
co
rr
ec
ti
n
sig

ni
fic
an
tr
es
pe

ct
s.
It
is
re
co
m
m
en

de
d
th
at

un
ce
rt
ai
nt
y
ad
ju
st
m
en

ts
be

em
pl
oy
ed

in
re
gu
la
to
ry

ap
pl
ic
at
io
ns

Te
st
ed

un
de

rs
om

e
co
nd

iti
on

s,
bu

td
at
a
ar
e
lim

ite
d,
or

ar
e
of

lo
w
qu

al
ity

or
pr
ec
isi
on

Th
e
re
ac
tiv

ity
of

th
is
co
m
po

un
d
is
ex
pe

ct
ed

to
be

se
ns
iti
ve

to
am

bi
en

tc
on

di
tio

ns
an
d/
or

ch
an
ge
si
n
th
e
ba
se

m
ec
ha
ni
sm

So
m
e
un

ce
rt
ai
nt
y
du

e
to

di
ffe

re
nc
es

in
re
ac
tiv

iti
es

of
co
m
po

un
ds

re
pr
es
en

te
d
by

th
is
cl
as
s.
Lo
ok

at
di
ffe

re
nc
es

am
on

g
co
m
po

un
ds

in
th
is
cl
as
sf
or

th
e
m
ag
ni
tu
de

of
th
is
un

ce
rt
ai
nt
y

Pa
ra
m
et
er
ize

d
m
ec
ha
ni
sm

us
ed

,w
ith

un
ce
rt
ai
n
po

rt
io
ns

ad
ju
st
ed

to
fit

ch
am

be
rd

at
a
fo
rr
ep

re
se
nt
at
iv
e
co
m
po

un
ds

Hi
gh
ly
sim

pl
ifi
ed

“P
la
ce
ho

ld
er
”
m
ec
ha
ni
sm

us
ed

to
re
pr
es
en

tt
he

ap
pr
ox
im

at
e
ra
ng
e
of

re
ac
tiv

ity
of

th
is
co
m
po

un
d.
M
ec
ha
ni
sm

do
es

no
tr
ep

re
se
nt

an
es
tim

at
e
of

th
e
ac
tu
al
m
ec
ha
ni
sm

of
th
e
co
m
po

un
d

Th
e
cu
rr
en

tv
er
sio

n
of

th
is
m
ec
ha
ni
sm

do
es

no
tr
ep

re
se
nt

th
es
e
co
m
po

un
ds
,b
ut

ba
se
d
on

pr
ev
io
us

st
ud

ie
st
he

y
ar
e
ex
pe

ct
ed

to
be

O
3
in
hi
bi
to
rs
un

de
ra

ll
co
nd

iti
on

s

Ta
bl
e
C
3.
N
ot
es

on
av
ai
la
bi
lit
y
of

ex
pe

rim
en

ta
ld
at
a
fo
re

va
lu
at
in
g
m
ec
ha
ni
sm

s

N
o
da
ta

av
ai
la
bl
e
to

te
st
oz
on

e
pr
ed

ic
tio

ns
fo
rt
hi
sc

om
po

un
d.

Te
st
ed

un
de

rM
IR

an
d
ot
he

rc
on

di
tio

ns
;w

el
lt
es
te
d.

Te
st
ed

un
de

rM
IR

co
nd

iti
on

s.
Th
er
e
m
ay

be
lim

ite
d
da
ta

fo
ro

th
er

co
nd

iti
on

si
n
so
m
e
ca
se
s

Te
st
ed

un
de

rs
om

e
co
nd

iti
on

s,
bu

tn
ot

M
IR

re
ac
tiv

ity
.

Ex
pe

rim
en

ta
ld
at
a
ar
e
av
ai
la
bl
e
fo
rs
om

e
m
em

be
rs
of

th
is
cl
as
so

rf
or

co
m
pl
ex

m
ix
tu
re
sc

on
ta
in
in
g
sig

ni
fic
an
ta

m
ou

nt
so

fc
om

po
un

ds
of

th
is
cl
as
s

Th
er
e
m
ay

be
ch
am

be
rd

at
a
av
ai
la
bl
e
to

te
st
m
ec
ha
ni
sm

sf
or

th
is
co
m
po

un
d,
bu

tt
he

ir
av
ai
la
bi
lit
y
an
d
ut
ili
ty

fo
rm

ec
ha
ni
sm

ev
al
ua
tio

n
ha
ve

no
tb

ee
n
as
se
ss
ed

At
te
m
pt
st
o
co
nd

uc
tc
ha
m
be

re
xp
er
im

en
ts
w
ith

th
is
co
m
po

un
d
ha
ve

be
en

un
su
cc
es
sf
ul
be

ca
us
e
of

ex
pe

rim
en

ta
ld
iff
ic
ul
tie

s.
Pr
ob

ab
ly
no

tp
os
sib

le
to

st
ud

y
th
is
co
m
po

un
d
us
in
g
cu
rr
en

tm
et
ho

ds

M
od

el
do

es
no

ts
uc
ce
ss
fu
lly

sim
ul
at
e
re
su
lts

of
al
lc
ha
m
be

re
xp
er
im

en
ts
.T
hi
sm

ay
be

du
e
to

ex
pe

rim
en

ta
ld
iff
ic
ul
tie

s,
th
ou

gh
m
ec
ha
ni
sm

pr
ob

le
m
sc

an
no

tb
e
co
m
pl
et
el
y
ru
le
d
ou

t

Ch
am

be
rd

at
a
ar
e
av
ai
la
bl
e
th
at

w
ill
be

us
ed

to
de

ve
lo
p
a
m
ec
ha
ni
sm

fo
rt
hi
sc

om
po

un
d,
w
hi
ch

is
no

tr
ep

re
se
nt
ed

in
th
e
cu
rr
en

tv
er
sio

n
of

th
e
m
ec
ha
ni
sm

Th
is
co
m
po

un
d
ha
sn

ot
be

en
st
ud

ie
d
by

its
el
f,
bu

ti
ts
m
ec
ha
ni
sm

ha
sb

ee
n
ev
al
ua
te
d
us
in
g
ex
pe

rim
en

ts
w
he

re
it
is
fo
rm

ed
as

th
e
m
aj
or

re
ac
tiv

e
pr
od

uc
t,
fo
rw

hi
ch

m
od

el
sim

ul
at
io
ns

ar
e
hi
gh
ly
se
ns
iti
ve

to
as
su
m
ed

m
ec
ha
ni
sm

sf
or

th
is
co
m
po

un
d.

Ch
am

be
rd

at
a
m
ay

be
av
ai
la
bl
e
to

te
st
m
ec
ha
ni
sm

sf
or

th
is
co
m
po

un
d,
bu

tw
er
e
no

tu
se
d
in
th
is
ev
al
ua
tio

n.
Da

ta
ar
e
be

lie
ve
d
to

be
lim

ite
d,
of

lo
w
pr
ec
isi
on

,n
ot

w
el
lc
ha
ra
ct
er
ize

d
or

di
ffi
cu
lt
to

ch
ar
ac
te
riz
e,
or

hi
gh
ly
se
ns
iti
ve

to
ch
am

be
re

ffe
ct
s.

Al
th
ou

gh
th
er
e
ar
e
ch
am

be
rd

at
a
av
ai
la
bl
e
fo
rt
hi
sc

om
po

un
d
an
d
th
e
m
od

el
pe

rf
or
m
an
ce

ha
sb

ee
n
ev
al
ua
te
d
us
in
g
th
em

,t
he

cu
rr
en

tm
ec
ha
ni
sm

do
es

no
tr
ep

re
se
nt

ha
lo
ge
n
ch
em

ist
ry

an
d
th
e
pr
ed

ic
tio

ns
of

th
e
m
ec
ha
ni
sm

m
ay

be
in
ac
cu
ra
te

in
am

bi
en

ts
im

ul
at
io
ns
.

Re
ac
tiv

ity
of

th
is
co
m
po

un
d
m
ay

be
se
ns
iti
ve

to
th
e
na
tu
re

of
th
e
lig
ht

so
ur
ce
,b
ut

da
ta

ar
e
av
ai
la
bl
e
on

ly
fr
om

bl
ac
kl
ig
ht

ch
am

be
rs
.E
ffe

ct
of

ch
an
gi
ng

lig
ht

so
ur
ce

is
un

ce
rt
ai
n
an
d
ne

ed
st
o
be

ev
al
ua
te
d

Th
e
cu
rr
en

tv
er
sio

n
of

th
e
m
ec
ha
ni
sm

do
es

no
tr
ep

re
se
nt

th
is
co
m
po

un
d
or

th
e
av
ai
la
bl
e
da
ta

w
er
e
no

tu
se
d
to

ev
al
ua
te

ho
w
it
is
cu
rr
en

tly
re
pr
es
en

te
d

O
ra
cl
e
Ri
dg
e
M
in
in
g,
LL
C

Cl
as
sI
IA

ir
Q
ua
lit
y
Pe

rm
it
Ap

pl
ic
at
io
n

O
ct
ob

er
20
11

PT
E
Ca
lc
ul
at
io
ns

Ap
pe

nd
ix
F,
Pa
ge

2
of

4



O
RA

CL
E
RI
DG

E
M
IN
E
RE

AC
TI
VE

VO
C
EM

IS
SI
O
N
S
SU

PP
O
RT

DO
CU

M
EN

TA
TI
O
N

N
ot
e.

N
ot
es

or
Co

m
m
en

ts
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Fo
llo
w
in
g
fo
ot
no

te
ad
de

d
fo
rn

ew
m
od

el
sp
ec
ie
sc

re
at
ed

af
te
rS

AP
RC

99
do

cu
m
en

ta
tio

n
co
m
pl
et
ed

(1
/2
2/
03

)
10

1

M
ec
ha
ni
sm

be
lie
ve
d
to

be
fa
irl
y
w
el
le
st
ab
lis
he

d.
Se
e
At
ki
ns
on

(1
99

0,
19

94
,1
99

7a
)r
ev
ie
w
s

Ta
bl
e
C
4.

N
ot
es

an
d
co
m
m
en

ts
fo
rt
he

lis
te
d
de

ta
ile
d
m
od

el
sp
ec
ie
s.

U
pd

at
ed

1/
22

/0
3

M
ix
tu
re

co
m
po

sit
io
n
fo
rc
om

m
er
ci
al
Te
xa
no

ls
am

pl
es

ba
se
d
on

in
fo
rm

at
io
n
pr
ov
id
ed

by
Da

vi
d
M
or
go
tt
of

Ea
st
m
an

Ko
da
k
Co

m
pa
ny

(p
riv

at
e
co
m
m
un

ic
at
io
n,
19

99
).

Ev
al
ua
tio

n
of

th
e
m
ec
ha
ni
sm

fo
rt
hi
sc

om
po

un
d
ag
ai
ns
tc
ha
m
be

rd
at
a
is
di
sc
us
se
d
in
th
is
re
po

rt
.S
ee

Se
ct
io
n
V
an
d
Ap

pe
nd

ix
B

M
ec
ha
ni
sm

w
as

de
riv

ed
us
in
g
th
e
m
ec
ha
ni
sm

ge
ne

ra
tio

n
sy
st
em

di
sc
us
se
d
in
Se
ct
io
n
III
.L
um

pe
d
pr
od

uc
tv

er
sio

n
of

th
e
m
ec
ha
ni
sm

us
ed

fo
ra

ll
sim

ul
at
io
ns

Ad
ju
st
m
en

ts
w
er
e
m
ad
e
to

m
ec
ha
ni
sm

to
im

pr
ov
e
fit
st
o
ch
am

be
rd

at
a.

It
is
un

ce
rt
ai
n
w
he

th
er

th
e
co
m
po

un
d(
s)
us
ed

to
re
pr
es
en

tt
hi
sc

la
ss
is
m
os
ta

pp
ro
pr
ia
te

fo
ra

ll
co
m
pl
ex

m
ix
tu
re
sc

on
ta
in
in
g
th
is
cl
as
s.

M
ec
ha
ni
sm

w
as

de
riv

ed
us
in
g
th
e
m
ec
ha
ni
sm

ge
ne

ra
tio

n
sy
st
em

di
sc
us
se
d
in
Se
ct
io
n
III
.A

dj
us
te
d
pr
od

uc
tv

er
sio

n
of

th
e
m
ec
ha
ni
sm

us
ed

w
he

n
re
pr
es
en

tin
g
th
is
co
m
po

un
d
in
re
ac
tiv

ity
or

m
ec
ha
ni
sm

ev
al
ua
tio

n
sim

ul
at
io
ns
,a
nd

th
e
lu
m
pe

d
pr
od

uc
tv

er
sio

n
of

th
e
m
ec
ha
ni
sm

is
us
ed

w
he

n
re
pr
es
en

tin
g
th
is
co
m
po

un
d
in
m
ix
tu
re
s.
Se
e

do
cu
m
en

ta
tio

n
of

pr
od

uc
tl
um

pi
ng

ap
pr
oa
ch
es
.

Th
e
cu
rr
en

tm
ec
ha
ni
sm

gi
ve
sr
ea
so
na
bl
y
go
od

sim
ul
at
io
ns

of
in
cr
em

en
ta
lr
ea
ct
iv
ity

ex
pe

rim
en

ts
of

m
in
er
al
sp
iri
ts
sa
m
pl
es

be
lie
ve
d
to

co
nt
ai
n
sig

ni
fic
an
ta

m
ou

nt
so

ft
he

se
co
m
po

un
ds

(C
ar
te
re

ta
l,
19

97
f).

Se
e
Se
ct
io
n
V
an
d
Ap

pe
nd

ix
B.

Th
es
e
ar
e
pr
es
en

ti
n
re
la
tiv

el
y
la
rg
e
am

ou
nt
si
n
em

iss
io
ns

in
ve
nt
or
ie
s.
Th
e
sp
ec
ifi
c
co
m
po

un
d(
s)
re
fe
rr
ed

to
in
th
es
e
cl
as
se
sa

re
un

kn
ow

n.
Th
ey

ar
e
as
su
m
ed

to
be

sim
ila
rt
o
th
e
Te
xa
no

li
so
m
er
s,
th
ou

gh
th
e
m
ol
ec
ul
ar

w
ei
gh
ts
ar
e
sli
gh
tly

di
ffe

re
nt
.

Th
e
ap
pr
op

ria
te
ne

ss
of

th
e
lu
m
pe

d
m
ol
ec
ul
e
re
pr
es
en

ta
tio

n
fo
rt
hi
sc

la
ss
is
un

ce
rt
ai
n.

Pa
ra
m
et
er
ize

d
m
ec
ha
ni
sm

us
ed

,w
ith

un
ce
rt
ai
n
po

rt
io
ns

ad
ju
st
ed

to
fit

ch
am

be
rd

at
a
fo
rr
ep

re
se
nt
at
iv
e
co
m
po

un
ds
.S
ee

Se
ct
io
n
IV
.

M
ix
tu
re

ba
se
d
ro
ug
hl
y
on

te
rp
en

es
in
es
tim

at
ed

N
or
th

Am
er
ic
an

an
nu

al
bi
og
en

ic
ra
te
sg

iv
en

by
Gu

en
th
er

et
al
(2
00

0)
.

An
es
tim

at
ed

m
ec
ha
ni
sm

w
as

de
riv

ed
as

di
sc
us
se
d
in
Se
ct
io
n
IV
.B
.2
.

Th
is
w
as

us
ed

in
pa
rt
to

de
riv

e
th
e
m
ec
ha
ni
sm

fo
rt
he

IS
O
PR

O
D
m
od

el
sp
ec
ie
s,
as

di
sc
us
se
d
in
th
e
do

cu
m
en

ta
tio

n
of

th
e
ba
se

m
ec
ha
ni
sm

.

Th
e
re
ac
tio

ns
of

th
is
co
m
po

un
d
is
re
pr
es
en

te
d
ex
pl
ic
itl
y
in
th
e
ba
se

m
ec
ha
ni
sm

.S
ee

Se
ct
io
n
II.
C.

M
ec
ha
ni
sm

fo
rt
hi
sc

om
po

un
d
es
tim

at
ed

by
an
al
og
y
fr
om

pa
ra

to
lu
en

e
iso

cy
an
at
e.

M
ec
ha
ni
sm

sf
or

am
in
es

ha
ve

no
tb

ee
n
de

ve
lo
pe

d.
A
pl
ac
eh

ol
de

rm
ec
ha
ni
sm

us
ed

to
re
pr
es
en

tt
he

ir
ap
pr
ox
im

at
e
ra
ng
e
of

re
ac
tiv

ity
,g
iv
en

th
e
O
H
ra
te

co
ns
ta
nt
.S
ee

Se
ct
io
n
IV
.B
.6

Th
e
re
ac
tio

ns
fo
rt
hi
sc

om
po

un
d
ca
n
be

ad
de

d
to

th
e
m
ec
ha
ni
sm

if
ne

ed
ed

,b
ut

th
is
ha
sn

ot
be

en
do

ne
fo
rt
he

cu
rr
en

tv
er
sio

n
of

th
e
m
ec
ha
ni
sm

.

An
es
tim

at
ed

m
ec
ha
ni
sm

w
as

de
riv

ed
as

di
sc
us
se
d
in
Se
ct
io
n
IV
.B
.3
.

Vo
la
til
e
sil
ic
on

e
co
m
po

un
ds

ar
e
no

tr
ep

re
se
nt
ed

in
th
e
cu
rr
en

tv
er
sio

n
of

th
e
m
ec
ha
ni
sm

.T
he

y
ha
ve

pr
ev
io
us
ly
be

en
sh
ow

n
to

be
oz
on

e
in
hi
bi
to
rs
un

de
ra

ll
co
nd

iti
on

sl
ik
el
y
to

oc
cu
ri
n
th
e
at
m
os
ph

er
e
(C
ar
te
re

ta
l,
19

92
An

ex
pe

rim
en

ta
la
nd

m
od

el
in
g
st
ud

y
of

th
e
re
ac
tiv

ity
of

th
is
co
m
po

un
d
is
un

de
rw

ay
at

ou
rl
ab
or
at
or
ie
s

Th
e
cu
rr
en

tv
er
sio

n
of

th
e
m
ec
ha
ni
sm

do
es

no
tp

ro
vi
de

fo
rr
ep

re
se
nt
in
g
re
ac
tio

ns
of

Cl
O
x
or

Br
O
x
sp
ec
ie
s.
Ho

w
ev
er
,e
ar
lie
rv

er
sio

ns
of

th
e
m
ec
ha
ni
sm

th
at

di
d
re
pr
es
en

tt
he

se
re
ac
tio

ns
di
d
no

tp
er
fo
rm

w
el
ls
im

ul
at
in
g
ch
am

be
rd

at
a
fo
rm

os
to

ft
he

ha
lo
ge
na
te
d
co
m
po

un
ds

th
at

w
er
e
st
ud

ie
d
(C
ar
te
re

ta
l,
19

96
d,
19

97
d)
.A

pl
ac
eh

ol
de

r
m
ec
ha
ni
sm

is
us
ed

to
es
tim

at
e
th
e
ap
pr
ox
im

at
e
M
IR

gi
ve
n
th
e
co
m
po

un
d’
sO

H
ra
te

co
ns
ta
nt
.T
hi
sm

ec
ha
ni
sm

pr
ob

ab
ly
ov
er
es
tim

at
es

th
e
re
ac
tiv

ity
of

th
es
e
co
m
po

un
ds

un
de

rl
ow

N
O
x
co
nd

iti
on

s.
Th
e
cu
rr
en

tv
er
sio

n
of

th
e
m
ec
ha
ni
sm

do
es

no
tp

ro
vi
de

fo
rr
ep

re
se
nt
in
g
re
ac
tio

ns
of

Cl
O
x
sp
ec
ie
s,
an
d
th
is
co
m
po

un
d
is
no

tc
ur
re
nt
ly
re
pr
es
en

te
d.
Ho

w
ev
er
,a
n
ea
rli
er

ve
rs
io
n
of

th
e
m
ec
ha
ni
sm

th
at

di
d
re
pr
es
en

tt
he

se
re
ac
tio

ns
ga
ve

re
as
on

ab
ly
go
od

fit
st
o
th
e
ch
am

be
rd

at
a
fo
rt
hi
sc

om
po

un
d
(C
ar
te
re

ta
l,
19

97
h)
.

Th
e
Ba

se
RO

G
m
ix
tu
re

is
us
ed

to
re
pr
es
en

tr
ea
ct
iv
e
VO

Cs
fr
om

al
ls
ou

rc
es

in
th
e
at
m
os
ph

er
ic
re
ac
tiv

ity
ca
lc
ul
at
io
ns
,a
sd

isc
us
se
d
in
Se
ct
io
n
VI
I.A

.1
.I
ti
sd

er
iv
ed

fr
om

th
e
“a
ll
ci
ty
av
er
ag
e”

m
ix
tu
re

de
riv

ed
by

Je
ffr
ie
se

ta
l(
19

89
)f
ro
m

an
al
ys
is
of

ai
rq

ua
lit
y
da
ta
,w

ith
m
in
or

m
od

ifi
ca
tio

ns
as

di
sc
us
se
d
by

Ca
rt
er

(1
99

4a
,b
).
Th
e
co
m
po

sit
io
ns

of
th
is

m
ix
tu
re

is
gi
ve
n
on

Ta
bl
e
C
5a
.

Th
es
e
ar
e
th
e
"T
ra
ns
iti
on

al
Lo
w
Em

iss
io
ns

Ve
hi
cl
e"

ex
ha
us
tm

ix
tu
re
su

se
d
by

th
e
Ca
lif
or
ni
a
AR

B
to

ca
lc
ul
at
e
re
ac
tiv

ity
ad
ju
st
m
en

tf
ac
to
rs
fo
ri
ts
Cl
ea
n
Fu
el
s,
Lo
w

Em
iss
io
ns

Ve
hi
cl
e
re
gu
la
tio

ns
.C
om

po
sit
io
n
ob

ta
in
ed

fr
om

th
e
CA

RB
.T
he

co
m
po

sit
io
ns

of
th
es
e
m
ix
tu
re
sa

re
gi
ve
n
on

Ta
bl
e
C
5a
.

Th
es
e
ar
e
th
e
m
in
er
al
sp
iri
ts
sa
m
pl
es

pr
ov
id
ed

by
Sa
fe
ty

Kl
ee
n
Co

rp
or
at
io
n
fo
re

nv
iro

nm
en

ta
lc
ha
m
be

rr
ea
ct
iv
ity

st
ud

ie
s(
Ca
rt
er

et
al
,1
99

7f
).
Co

nt
ra
ry

to
th
e
ea
rli
er

ve
rs
io
n
of

th
e
m
ec
ha
ni
sm

di
sc
us
se
d
by

in
th
at

re
po

rt
,t
he

cu
rr
en

tm
ec
ha
ni
sm

pe
rf
or
m
sr
ea
so
na
bl
y
w
el
li
n
sim

ul
at
in
g
th
e
ch
am

be
rr
es
ul
ts
fo
rt
he

se
sa
m
pl
es

(s
ee

Se
ct
io
n
V
an
d

Ap
pe

nd
ix
B)
.T
he

as
su
m
ed

co
m
po

sit
io
ns

of
th
es
e
m
ix
tu
re
sa

re
gi
ve
n
on

Ta
bl
e
C
5b

.

Th
es
e
ar
e
“L
ow

Em
iss
io
ns

Ve
hi
cl
e”

ex
ha
us
tm

ix
tu
re
sp

ro
vi
de

d
by

th
e
Ca
lif
or
ni
a
AR

B.
Th
e
co
m
po

sit
io
ns

of
th
es
e
m
ix
tu
re
sa

re
gi
ve
n
on

Ta
bl
e
C
5a
.

Th
es
e
ar
e
co
m
m
er
ci
al
so
lv
en

ts
pr
od

uc
ed

by
Ex
xo
n
Ch

em
ic
al
co
m
pa
ny
.T
he

as
su
m
ed

co
m
po

sit
io
ns

of
th
es
e
so
lv
en

ts
w
er
e
de

riv
ed

as
di
sc
us
se
d
by

Ca
rt
er

et
al
(2
00

0g
),
an
d
ar
e
gi
ve
n
in
Ta
bl
e
C
5b

.

Th
es
e
re
pr
es
en

tc
om

m
er
ci
al
so
lv
en

ts
pr
od

uc
ed

by
Ex
xo
n
Ch

em
ic
al
co
m
pa
ny
,a
nd

al
so

sim
ila
rm

ix
tu
re
sc

on
sis
tin

g
of

es
te
rs
of

C6
+
br
an
ch
ed

al
co
ho

ls.
Th
ei
ra

ss
um

ed
co
m
po

sit
io
ns

w
er
e
de

riv
ed

as
di
sc
us
se
d
by

Ca
rt
er

et
al
(2
00

0g
),
an
d
ar
e
gi
ve
n
in
Ta
bl
e
C
5e
.

Th
is
w
as

us
ed

in
pa
rt
to

de
riv

e
th
e
m
ec
ha
ni
sm

fo
rt
he

PR
O
D2

m
od

el
sp
ec
ie
s,
as

di
sc
us
se
d
in
th
e
do

cu
m
en

ta
tio

n
of

th
e
ba
se

m
ec
ha
ni
sm

.

Th
is
w
as

us
ed

in
pa
rt
to

de
riv

e
th
e
m
ec
ha
ni
sm

fo
rt
he

RN
O
3
m
od

el
sp
ec
ie
s,
as

di
sc
us
se
d
in
th
e
do

cu
m
en

ta
tio

n
of

th
e
ba
se

m
ec
ha
ni
sm

.

M
ec
ha
ni
sm

es
tim

at
ed

by
co
ns
id
er
in
g
th
e
re
ac
tio

ns
at

th
e
ph

en
yl
an
d
th
e
et
ha
no

lp
or
tio

ns
of

th
e
m
ol
ec
ul
e
se
pa
ra
te
ly
,a
nd

ad
di
ng

up
th
e
co
nt
rib

ut
io
ns
.T
he

ra
te

co
ns
ta
nt

an
d
pr
od

uc
ts
fo
rr
ea
ct
io
ns

of
O
H
at

th
e

CH
2
CH

2
O
H
gr
ou

p
es
tim

at
ed

us
in
g
th
e
SA

PR
C
99

m
ec
ha
ni
sm

ge
ne

ra
tio

n
sy
st
em

.T
he

ra
te

co
ns
ta
nt

fo
ra

dd
iti
on

to
th
e
ph

en
ox
y

gr
ou

p
es
tim

at
ed

us
in
g
th
e
O
H
+
m
et
ho

xy
be

nz
en

e
ra
te

co
ns
ta
nt

of
1.
73

x1
01

1
cm

3
m
ol
ec

1
s1

as
re
co
m
m
en

de
d
by

At
ki
ns
on

(1
98

9)
,a
nd

su
bt
ra
ct
in
g
of
ft
he

es
tim

at
ed

ra
te

co
ns
ta
nt

at
th
e
m
et
ho

xy
gr
ou

p
(1
.1
5x
10

12
cm

3
m
ol
ec

1
s1
),
as

es
tim

at
ed

by
th
e
SA

PR
C
99

m
ec
ha
ni
sm

ge
ne

ra
tio

n
sy
st
em

fo
ra

lk
yl
m
et
ho

xy
co
m
po

un
ds
.T
he

pr
od

uc
ts
of

th
e

re
ac
tio

ns
fo
llo
w
in
g
O
H
ad
di
tio

n
at

th
e
ph

en
ox
y
gr
ou

p
ar
e
es
tim

at
ed

to
be

th
e
sa
m
e
as

th
e
pr
od

uc
ts
us
ed

in
th
e
SA

PR
C
99

m
ec
ha
ni
sm

fo
rO

H
ad
di
tio

n
to

th
e
ar
om

at
ic
rin

g
in
et
hy
lb
en

ze
ne

,i
.e
.,
th
e
pr
od

uc
ts
de

riv
ed

fo
rt
he

O
H
+
et
hy
lb
en

ze
ne

m
ec
ha
ni
sm

su
bt
ra
ct
in
g
of
ft
ho

se
as
so
ci
at
ed

w
ith

ab
st
ra
ct
io
n
fr
om

th
e
et
hy
lg
ro
up

.

O
ra
cl
e
Ri
dg
e
M
in
in
g,
LL
C

Cl
as
sI
IA

ir
Q
ua
lit
y
Pe

rm
it
Ap

pl
ic
at
io
n

O
ct
ob

er
20
11

PT
E
Ca
lc
ul
at
io
ns

Ap
pe

nd
ix
F,
Pa
ge

3
of

4



O
RA

CL
E
RI
DG

E
M
IN
E
RE

AC
TI
VE

VO
C
EM

IS
SI
O
N
S
SU

PP
O
RT

DO
CU

M
EN

TA
TI
O
N

N
am

e
Co

m
po

un
d
or

M
ix
tu
re

39
Sc
en

ar
io
s

Av
g.
Co

nd
s

39
Sc
en

ar
io
s

Av
g.

Sd
ev

%
Av

g.
Av

g.
Av

g.
M
ax

M
in

Av
g.

M
ax

M
in

M
IB
U
CB

N
4
m
et
hy
l2

pe
nt
an
ol
(m

et
hy
li
so
bu

ty
lc
ar
bi
no

l)
2.
89

0.
64

22
%

2.
93

2%
1.
48

0.
33

22
%

1.
00

0.
29

29
%

1.
15

1.
88

0.
58

0.
22

19
%

0.
80

1.
05

0.
52

0.
11

14
%

IC
3
O
H

Is
op

ro
py
lA

lc
oh

ol
0.
71

0.
14

20
%

0.
73

2%
0.
39

0.
07

18
%

0.
28

0.
07

23
%

0.
33

0.
62

0.
15

0.
09

27
%

0.
26

0.
40

0.
14

0.
06

22
%

[a
]

N
am

e
Co

m
po

un
d
or

M
ix
tu
re

A
vg

St
d.

 D
ev

M
ax

M
in

Ph
oe

ni
x,

A
Z

A
vg

St
d.

 D
ev

M
ax

M
in

A
vg

. C
on

d.
Ph

oe
ni

x,
 A

Z
A

vg
St

d.
 D

ev
M

ax
M

in
A

vg
.

C
on

d.
Ph

oe
ni

x,
A

Z
A

vg
St

d.
 D

ev
M

ax
M

in
A

vg
.

C
on

d.
Ph

oe
ni

x,
A

Z
A

R
B

R
O

G
B

as
e 

R
O

G
 M

ix
tu

re
1.

03
0.

42
2.

14
0.

26
1.

46
3.

71
0.

63
5.

32
2.

16
3.

79
3.

76
1.

46
0.

28
2.

04
0.

80
1.

46
1.

57
0.

85
0.

21
1.

28
0.

41
0.

83
0.

79

M
IB

U
C

B
N

4-
m

et
hy

l-2
-p

en
ta

no
l (

m
et

hy
l i

so
bu

ty
l c

ar
bi

no
l)

1.
11

0.
32

1.
88

0.
50

1.
51

2.
89

0.
64

4.
48

1.
33

2.
93

2.
76

1.
48

0.
33

2.
08

0.
70

1.
49

1.
58

1.
01

0.
25

1.
48

0.
48

1.
00

1.
04

I-
C

3-
O

H
Is

op
ro

py
l A

lc
oh

ol
0.

31
0.

07
0.

48
0.

16
0.

36
0.

71
0.

14
1.

06
0.

35
0.

73
0.

63
0.

39
0.

07
0.

54
0.

22
0.

40
0.

37
0.

29
0.

05
0.

39
0.

17
0.

28
0.

26

N
am

e
Co

m
po

un
d
or

M
ix
tu
re

A
vg

St
d.

 D
ev

M
ax

M
in

Ph
oe

ni
x,

A
Z

A
vg

St
d.

 D
ev

M
ax

M
in

A
vg

. C
on

d.
Ph

oe
ni

x,
 A

Z
A

vg
St

d.
 D

ev
M

ax
M

in
A

vg
.

C
on

d.
Ph

oe
ni

x,
A

Z
A

vg
St

d.
 D

ev
M

ax
M

in
A

vg
.

C
on

d.
Ph

oe
ni

x,
A

Z

AR
BR

O
G

Ba
se

RO
G
M
ix
tu
re

1.
04

0.
32

1.
68

0.
41

1.
52

2.
03

0.
34

3.
21

1.
17

2.
07

2.
13

1.
43

0.
25

2.
08

0.
86

1.
45

1.
59

0.
94

0.
17

1.
31

0.
60

0.
93

0.
99

M
IB
U
CB

N
4
m
et
hy
l2

pe
nt
an
ol
(m

et
hy
li
so
bu

ty
lc
ar
bi
no

l)
0.
81

0.
21

1.
21

0.
40

1.
09

1.
39

0.
31

2.
43

0.
63

1.
41

1.
35

1.
08

0.
24

1.
70

0.
51

1.
09

1.
13

0.
77

0.
18

1.
17

0.
39

0.
76

0.
78

IC
3
O
H

Is
op

ro
py
lA

lc
oh

ol
0.
26

0.
05

0.
35

0.
13

0.
30

0.
37

0.
07

0.
61

0.
18

0.
38

0.
34

0.
32

0.
05

0.
47

0.
18

0.
32

0.
31

0.
25

0.
04

0.
35

0.
15

0.
25

0.
24

Ta
bl
e
C
6.

Su
m
m
ar
y
of

ca
lc
ul
at
ed

in
cr
em

en
ta
la
nd

re
la
tiv

e
re
ac
tiv

iti
es

in
va
rio

us
sc
al
es
.
Ca
lc
ul
at
ed

us
in
g
th
e
SA

PR
C
99

m
ec
ha
ns
im

U
pd

at
ed

2/
5/
0 3

Sd
ev

EB
IR

(g
m
/g
m
)

Sd
ev

39
Sc
en

ar
io
s

Sd
ev

Sd
ev

M
ax

8
Ho

ur
Av

g
(g
m

ba
sis
)

M
IR

(g
m

O
3
/
gm

VO
C)

M
O
IR

(g
m
/g
m
)

Ba
se

Ca
se

Re
la
tiv

e
Re

ac
tiv

iti
es

[a
]

Ta
bl
e
C
7.
O
zo
ne

Yi
el
d
In
cr
em

en
ta
lR
ea
ct
iv
iti
es

in
th
e
In
di
vi
du

al
Ba

se
Ca
se

an
d
Ad

ju
st
ed

N
O
x
Sc
en

ar
io
s.
Ca
lc
ul
at
ed

us
in
g
th
e
SA

PR
C
99

M
ec
ha
ni
sm

.U
pd

at
ed

2/
5/
03

Ba
se

Ca
se

(g
m

O
3
/
gm

VO
C)

M
IR

(g
m

O
3
/
gm

VO
C)

M
O
IR

(g
m

O
3
/
gm

VO
C)

O
zo
ne

Yi
el
d
(g
m

ba
sis
)

M
ax
im

um
,m

in
im

um
,a
nd

st
an
da
rd

de
vi
at
io
ns

fo
rb

as
e
RO

G
m
ix
tu
re

ar
e
in
cr
em

en
ta
lr
ea
ct
iv
iti
es

re
la
tiv

e
to

th
e
av
er
ag
e.

EB
IR

(P
ro
po

rt
io
na

lt
o
pp

m
O
3
pe

rg
ra
m

VO
C)

EB
IR

(g
m

O
3
/
gm

VO
C)

Ta
bl
e
C
8.
M
ax
im

um
8
Ho

ur
Av

er
ag
e
In
cr
em

en
ta
lR
ea
ct
iv
iti
es

in
th
e
In
di
vi
du

al
Ba

se
Ca
se

an
d
N
O
x
Ad

ju
st
ed

Sc
en

ar
io
s.
Ca
lc
ul
at
ed

us
in
g
th
e
SA

PR
C
99

M
ec
ha
ni
sm

.U
pd

at
ed

2/
5/
03

Ba
se

Ca
se

(P
ro
po

rt
io
na

lt
o
pp

m
O
3
pe

rg
ra
m

VO
C)

M
IR

(P
ro
po

rt
io
na

lt
o
pp

m
O
3
pe

rg
ra
m

VO
C)

M
O
IR

(P
ro
po

rt
io
na

lt
o
pp

m
O
3
pe

rg
ra
m

VO
C)

O
ra
cl
e
Ri
dg
e
M
in
in
g,
LL
C

Cl
as
sI
IA

ir
Q
ua
lit
y
Pe

rm
it
Ap

pl
ic
at
io
n

O
ct
ob

er
20
11

PT
E
Ca
lc
ul
at
io
ns

Ap
pe

nd
ix
F,
Pa
ge

4
of

4





CYTEC
SDS: 0000628

Print Date: 08/09/2011
Revision Date:  08/09/2011

MATERIAL SAFETY DATA SHEET
_____________________________________________________________________________
1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION
Product Name: AEROFROTH® 70 Frother
Synonyms: Methyl isobutyl carbinol; Methyl amyl alcohol; 4-methyl-2-pentanol
Chemical Family: Alcohol
Molecular Formula: CH3CHOHCH2CH(CH3)2
Molecular Weight: 102

CYTEC INDUSTRIES INC., FIVE GARRET MOUNTAIN PLAZA, WOODLAND PARK, NEW JERSEY 07424, USA
For Product Information call 1-800/652-6013.  Outside the USA and Canada call 1-973/357-3193.

EMERGENCY PHONE (24 hours/day) - For emergency involving spill, leak, fire, exposure or accident call:
Asia Pacific:
   Australia - +61-3-9663-2130 or 1800-033-111
   China (PRC) - +86 10 5100 3039 (Carechem24 China)
   New Guinea - +61-3-9663-2130
   New Zealand - +61-3-9663-2130 or 0800-734-607
   All Others - +65 3158 1074 (Carechem24 Singapore)
Canada: +1-905-356-8310 (Cytec Welland, Canada plant)
Europe/Africa/Middle East (Carechem24 UK):
   Europe, Middle East, Africa, Israel - +44 (0) 1235 239 670
   Middle East, Africa (Arabic speaking countries) - +44 (0) 1235 239 671
Latin America:
   Brazil - 0800 0111 767 (SOS Cotec)
   Chile - +56-2-247-3600 (CITUC QUIMICO)
   All Others - +52-376-73 74122 (Cytec Atequiza, Mexico plant)
USA: +1-703-527-3887 or 1-800-424-9300 (CHEMTREC #CCN6083)

® indicates trademark registered in the U.S. Outside the U.S., mark may be registered, pending or a trademark. Mark is
or may be used under license.
_____________________________________________________________________________

2. HAZARDS IDENTIFICATION
EMERGENCY OVERVIEW
APPEARANCE AND ODOR:

Color: colorless to white
Appearance: liquid
Odor: mild

STATEMENTS OF HAZARD:

POTENTIAL HEALTH EFFECTS

EFFECTS OF EXPOSURE:
Direct contact with this material may cause severe eye and mild skin irritation. Inhalation overexposure may cause
irritation of the respiratory tract and eyes. Refer to Section 11 for toxicology information on the regulated
components of this product.

DANGER! CAUSES EYE BURNS
MAY CAUSE SKIN IRRITATION
COMBUSTIBLE LIQUID AND VAPOR



_____________________________________________________________________________

3. COMPOSITION/INFORMATION ON INGREDIENTS
OSHA REGULATED COMPONENTS

Component / CAS No. % Carcinogen
Methyl isobutyl carbinol
108-11-2

98 - 100 -

Diisobutyl ketone
108-83-8

1 - 2 -

_____________________________________________________________________________

4. FIRST AID MEASURES
Eye Contact:
Rinse immediately with plenty of water for at least 15 minutes. Obtain medical attention immediately.

Skin Contact:
Wash immediately with plenty of water and soap.

Ingestion:
If swallowed, call a physician immediately. Only induce vomiting at the instruction of a physician. Never give anything by
mouth to an unconscious person.

Inhalation:
Remove to fresh air. If breathing is difficult, give oxygen. Obtain medical advice if there are persistent symptoms.

−⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯−− 

5. FIRE-FIGHTING MEASURES
Suitable Extinguishing Media:
Use water spray, alcohol foam, carbon dioxide or dry chemical to extinguish fires. Water stream may be ineffective.

Protective Equipment:
Firefighters, and others exposed, wear self-contained breathing apparatus. Wear full firefighting protective clothing. See
MSDS Section 8 (Exposure Controls/Personal Protection).

Special Hazards:
Keep containers cool by spraying with water if exposed to fire.
−⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯−− 

6. ACCIDENTAL RELEASE MEASURES
Personal precautions:
Where exposure level is known, wear approved respirator suitable for level of exposure. Where exposure level is not
known, wear approved, positive pressure, self-contained respirator. In addition to the protective clothing/equipment in
Section 8 (Exposure Controls/Personal Protection), wear impermeable boots.

Methods For Cleaning Up:
Remove sources of ignition. Cover spills with some inert absorbent material; sweep up and place in a waste disposal
container. Flush spill area with water.

Environmental Precautions:
None known
−⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯−− 
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7. HANDLING AND STORAGE
HANDLING
Precautionary Measures: Do not get in eyes, on skin or on clothing. Keep away from heat and flame. Wash thoroughly
after handling.

Special Handling Statements: None

STORAGE
Areas containing this material should have fire safe practices and electrical equipment in accordance with applicable
regulations and/or guidelines.  Standards are primarily based on the material`s flashpoint, but may also take into account
properties such as miscibility with water or toxicity. All local and national regulations should be followed.
In the Americas, National Fire Protection Association (NFPA) 30: Flammable and Combustible Liquids Code, is a widely
used standard.  NFPA 30 establishes storage conditions for the following classes of materials: Class I Flammable Liquids,
Flashpoint <37.8 °C.  Class II Combustible Liquids, 37.8 °C < Flashpoint <60 °C.  Class IIIa Combustible Liquids, 60 °C <
Flashpoint < 93 °C.  Class IIIb Combustible Liquids, Flashpoint > 93 °C.

Storage Temperature: Room temperature
Reason: Safety.
_____________________________________________________________________________

8. EXPOSURE CONTROLS/PERSONAL PROTECTION
Engineering Measures:
Utilize a closed system process where feasible. Where this material is not used in a closed system, good enclosure and
local exhaust ventilation should be provided to control exposure.

Respiratory Protection:
Where exposures are below the established exposure limit, no respiratory protection is required. Where exposures
exceed the established exposure limit, use respiratory protection recommended for the material and level of exposure.

Eye Protection:
Prevent eye and skin contact. Provide eye wash fountain and safety shower in close proximity to points of potential
exposure. Wear eye/face protection such as chemical splash proof goggles or face shield.

Skin Protection:
Prevent contamination of skin or clothing when removing protective equipment. Wear impermeable gloves and suitable
protective clothing.

Additional Advice:
Food, beverages, and tobacco products should not be carried, stored, or consumed where this material is in use. Before
eating, drinking, or smoking, wash face and hands thoroughly with soap and water.
_____________________________________________________________________________

Exposure Limit(s)

25 ppm  (TWA)
100 mg/m3  (TWA)
(skin)

Print Date:  08/09/2011

ACGIH (TLV): 40 ppm   (STEL)
(skin)
25 ppm   (TWA)
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Other Value: Not established

AEROFROTH® 70 Frother SDS:  0000628

108-83-8 Diisobutyl ketone

108-11-2 Methyl isobutyl carbinol

OSHA (PEL): 50 ppm  (TWA)
290 mg/m3  (TWA)

OSHA (PEL):
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9. PHYSICAL AND CHEMICAL PROPERTIES
Color: colorless to white
Appearance: liquid
Odor: mild
Boiling Point: 132 °C          270 °F
Melting Point: -126 °C          -194 °F
Vapor Pressure: 3.7 -  4.7mm Hg @  20 °C
Specific Gravity/Density: 0.81@ 20°C  @  20 °C
Vapor Density: 3.5(air = 1)
Percent Volatile (% by wt.): 100
pH:   Not available
Saturation In Air (% By Vol.): 0.66
Evaporation Rate: 0.26 -  0.43(Butyl acetate = 1)
Solubility In Water: 1.7 -  1.82% @  20 °C
Volatile Organic Content: Not available
Flash Point: 39 °C        102 °F Tag Closed Cup
Flammable Limits (% By Vol): Lower:  1.0     Upper:  5.5
Autoignition Temperature: 360.3 °C        680.5 °F
Decomposition Temperature: Not available
Partition coefficient (n-
octanol/water):

Not applicable

Odor Threshold: Not available
_____________________________________________________________________________

10. STABILITY AND REACTIVITY
Stability: Stable

Conditions To Avoid: None known

Polymerization: Will not occur

Conditions To Avoid: None known

Materials To Avoid: Strong oxidizing agents, strong acids, and alkalies.

Hazardous Decomposition
Products:

Carbon dioxide
Carbon monoxide (CO)

−⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯−− 

11. TOXICOLOGICAL INFORMATION
Toxicological information for the product is found under Section 2.  HAZARDS IDENTIFICATION.
Toxicological information on the regulated components of this product is as follows:

25 ppm   (TWA)
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Other Value: Not established

Methyl isobutyl carbinol has acute oral (rat) and dermal (rabbit) LD50 values of 2.6 g/kg and 3.6 g/kg, respectively.  This
material has an acute 4-hour inhalation LC50 (rat) >2000 ppm (8.34 mg/L).  Acute overexposure to methyl isobutyl
carbinol vapor causes mucous membrane irritation and moderate to severe eye irritation.  Direct contact with this material
causes mild skin irritation.

SDS:  0000628 Print Date:  08/09/2011

Diisobutyl ketone has acute oral (rat) and dermal (rabbit) LD50 values of 5750 mg/kg and 16.1 g/kg, respectively.  Acute
overexposure to diisobutyl ketone vapor causes respiratory tract and eye irritation.  Direct contact with this material
causes mild skin and eye irritation.

108-11-2 Methyl isobutyl carbinol
ACGIH (TLV):

p y
Percent Volatile (% by wt.):

(
100



11. TOXICOLOGICAL INFORMATION
_____________________________________________________________________________

12. ECOLOGICAL INFORMATION
This material is not classified as dangerous for the environment.   This material is readily biodegradable.

FISH TEST RESULTS

Test: Acute toxicity, freshwater (OECD 203)

Species: Rainbow Trout (Oncorhyncus mykiss)

INVERTEBRATE TEST RESULTS

Test: Acute Immobilization (OECD 202)

Species: Water Flea (Daphnia magna)

DEGRADATION

Test: Biodegradability

13. DISPOSAL CONSIDERATIONS
The information on RCRA waste classification and disposal methodology provided below applies only to the product, as
supplied.  If the material has been altered or contaminated, or it has exceeded its recommended shelf life, the guidance
may be inapplicable.  Hazardous waste classification under federal regulations (40 CFR Part 261 et seq) is dependent
upon whether a material is a RCRA `listed hazardous waste`or has any of the four RCRA `hazardous waste
characteristics.`Refer to 40 CFR Part 261.33 to determine if a given material to be disposed of is a RCRA `listed
hazardous waste`; information contained in Section 15 of this MSDS is not intended to indicate if the product is a `listed
hazardous waste.`RCRA Hazardous Waste Characteristics:  There are four characteristics defined in 40 CFR Section
261.21-61.24:  Ignitability, Corrosivity, Reactivity, and Toxicity.  To determine Ignitability, see Section 9 of this MSDS
(flash point).  For Corrosivity, see Sections 9 and 14 (pH and DOT corrosivity).  For Reactivity, see Section 10
(incompatible materials).  For Toxicity, see Section 3 (composition).  Federal regulations are subject to change.  State and
local requirements, which may differ from or be more stringent than the federal regulations, may also apply to the
classification of the material if it is to be disposed.  The Company encourages the recycle, recovery and reuse of
materials, where permitted, as an alternate to disposal as a waste.  The Company recommends that organic materials
classified as RCRA hazardous wastes be disposed of by thermal treatment or incineration at EPA approved facilities.
The Company has provided the foregoing for information only; the person generating the waste is responsible for
determining the waste classification and disposal method.
_____________________________________________________________________________

Duration: 28  day

LC50

Procedure: Ready biodegradability

Procedure: Static

>70  %

710  mg/l

Duration: 96  hr.

EC50

Print Date:  08/09/2011

Procedure: Static.
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>100  mg/l

SDS:  0000628

Duration: 48  hr



14. TRANSPORT INFORMATION
This section provides basic shipping classification information.  Refer to appropriate transportation regulations for specific
requirements.

US DOT

Dangerous Goods?  X
Proper Shipping Name: Methyl isobutyl carbinol
Hazard Class: 3
Packing Group: III
UN/ID Number: UN2053
Transport Label Required: Flammable Liquid

Comments: Flammable liquids with a flash point at or above 38° C (100° F) and not meeting the
definition of any other hazard class may be reclassed as a Combustible liquid except
for transport by vessel or aircraft.  If reclassed, these Combustible liquids are not
regulated in non-bulk packagings.

TRANSPORT CANADA

Dangerous Goods?  X
Proper Shipping Name: Methyl isobutyl carbinol
Hazard Class: 3
Packing Group: III
UN Number: UN2053
Transport Label Required: Flammable Liquid

ICAO / IATA

Dangerous Goods?  X
Proper Shipping Name: Methyl isobutyl carbinol
Hazard Class: 3
Packing Group: III
UN Number: UN2053
Transport Label Required: Flammable Liquid

IMO

Dangerous Goods?  X
Proper Shipping Name: Methyl isobutyl carbinol
Hazard Class: 3
UN Number: UN2053
Packing Group: III
Transport Label Required: Flammable Liquid

_____________________________________________________________________________

15. REGULATORY INFORMATION
Inventory Information

United States (USA): All components of this product are included on the TSCA Chemical Inventory or are not
required to be listed on the TSCA Chemical Inventory.

Canada: All components of this product are included on the Domestic Substances List (DSL) or are not required to
be listed on the DSL.

Australia: All components of this product are included in the Australian Inventory of Chemical Substances (AICS)
or are not required to be listed on AICS.

SDS:  0000628 Print Date:  08/09/2011 Page 6 of 7AEROFROTH® 70 Frother



China: All components of this product are included on the Chinese inventory or are not required to be listed on the
Chinese inventory.

Japan: All components of this product are included on the Japanese (ENCS) inventory or are not required to be
listed on the Japanese inventory.

Korea: All components of this product are included on the Korean (ECL) inventory or are not required to be listed
on the Korean inventory.

Philippines: All components of this product are included on the Philippine (PICCS) inventory or are not required to
be listed on the Philippine inventory.

OTHER ENVIRONMENTAL INFORMATION
The following components of this product may be subject to reporting requirements pursuant to Section 313 of CERCLA
(40 CFR 372), Section 12(b) of TSCA, or may be subject to release reporting requirements (40 CFR 307, 40 CFR 311,
etc.)  See Section 13 for information on waste classification and waste disposal of this product.

This product does not contain any components regulated under these sections of the EPA

PRODUCT HAZARD CLASSIFICATION UNDER SECTION 311 OF SARA
• Acute
• Fire

_____________________________________________________________________________

16. OTHER INFORMATION
NFPA Hazard Rating (National Fire Protection Association)

Health: 3 - Materials that, under emergency conditions, can cause serious or permanent injury.

Fire: 2 - Materials that must be moderately heated or exposed to relatively high ambient temperatures before
ignition can occur.

Instability: 0 - Materials that in themselves are normally stable, even under fire exposure conditions.

Reasons For Issue: Revised Section  3
Revised Section  8
Revised Section 11

_____________________________________________________________________________
Randy Deskin, Ph.D., DABT +1-973-357-3100

_____________________________________________________________________________
This information is given without any warranty or representation.  We do not assume any legal responsibility for same, nor do we give permission,
inducement, or recommendation to practice any patented invention without a license.  It is offered solely for your consideration, investigation, and
verification.  Before using any product, read its label.

_____________________________________________________________________________
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Chemical: Sodium Hydrosulfide NFPA: H=2 F=1 I= 2 S=None
HMIS: H=2 F=1 R=2 PPE= Supplied by user; 

dependent on conditions

MSDS Number: Sodhydrosulfide -1003
Effective Date: 31 October 2003
Issued by: Solvay Chemicals, Inc. Regulatory Affairs Department

Not valid three years after effective date or after issuance of superseding MSDS, whichever is
earlier. French or Spanish translations of this MSDS may be available. Check www.solvaychemicals.us
or call Solvay Chemicals, Inc. to verify the latest version or translation availability.

Material Safety Data Sheets contain country specific regulatory information. Therefore, the MSDS’s
provided are for use only by customers of Solvay Chemicals, Inc. in North America. If you are located in
a country other than Canada, Mexico or the United States, please contact the Solvay Group company
in your country for MSDS information applicable to your location.

1. Company and Product Identification

1.1 Product Name: Sodium Hydrosulfide (solid 70-72%)

Chemical Name: Sodium hydrogen sulfide

Synonyms: Sodium sulfhydrate

Chemical Formula: NaHS • H2O

Molecular Weight: 74

CAS Number: 16721-80-5

EINECS Number: 240-778-0

Grade/Trade Names: Sodium hydrosulfide

1.2 Recommended Uses: Leather treatment, dye and lubricant manufacture, flotation agents, 
dyes, wastewater treatment, metals finishing, ore beneficiation, 
pharmaceuticals.

1.3 Supplier: Solvay Chemicals, Inc.
PO BOX 27328 Houston, TX  77227-7328
3333 Richmond Ave. Houston, Texas 77098

1.4 Emergency Telephone Numbers
Emergencies (USA): 1-800-424-9300 (CHEMTREC®)
Transportation Emergencies (INTERNATIONAL/MARITIME): 1-703-527-3887 (CHEMTREC®)
Transportation Emergencies (CANADA): 1-613-996-6666 (CANUTEC)
Transportation Emergencies (MEXICO-SETIQ): 01-800-00-214-00 (MEX. REPUBLIC)

525-559-1588 (Mexico City and metro 
area)
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2. Composition/Information on Ingredients
INGREDIENTS FORMULA WT. PERCENT CAS #
Sodium Hydrosulfide NaHS • H2O 66 16721-80-5
Water H2O 27 7732-18-5
Sodium Sulfide Na2S • 3H2O ≤ 6 1313-82-2
Sodium Carbonate Na2CO3 1 0497-19-8

3. Hazards Identification 

Emergency Overview:
• Corrosive product.
• Hazardous to human health and the aquatic environment. 
• Contact causes burns to skin and eyes.  
• If inhaled, may be harmful.
• Fire may produce irritating or poisonous gases. 
• Dust may form explosive mixture with air. Keep away from heat, sparks and flame.

3.1 Route of Entry: Inhalation: Yes    Skin: Yes    Ingestion: Yes

3.2 Potential Effects of exposure:
• May be fatal if inhaled or swallowed.
• In humid or damp conditions, product will react with moisture in air to produce toxic 

hydrogen sulfide gas. 
• Overexposure to hydrogen sulfide gas may cause memory loss, paralysis, nerve 

damage or death.

Inhalation:
• Causes respiratory tract irritation. 
• Sodium sulfide and hydrogen sulfide paralyses the sense of smell.

Eyes:
• Product can cause severe eye damage-CORROSIVE.
• Prolonged contact may cause permanent damage or blindness.

Skin contact: Product can cause severe skin damage-CORROSIVE.

Ingestion:
• May be fatal if swallowed-CORROSIVE. 
• May cause burns to the mouth and throat. Symptoms may include vomiting, nausea, 

diarrhea, and abdominal pain.

Carcinogenicity: See section 11.3.
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4. First-Aid Measures 

General Recommendations:

4.1 Inhalation:
• Remove the patient to fresh air.
• If breathing has stopped or patient experiences difficulty in breathing, administer artificial 

respiration and seek immediate medical attention.

Eyes:
• Immediately flush the contaminated eye with plenty of water for at least 15 minutes.
• Consult an ophthalmologist in all cases.

Skin:
• Remove contaminated clothing. 
• Wipe material from the skin. 
• Rinse the affected area with large amounts of water for at least 15 minutes. 
• If irritation persists, seek medical attention.

Ingestion: DO NOT INDUCE VOMITING. Obtain medical advice immediately.

If the subject is completely conscious: Rinse mouth with fresh water.

If the subject is unconscious:
• NEVER GIVE ANYTHING BY MOUTH TO AN UNCONSCIOUS PERSON. 
• Remove any residue of the substance from the patient's mouth.

4.2 Medical Treatment/Notes to Physician:
• In case of intense pain, inject an I.M. morphominetic analgesic drug before taking 

patient to hospital.
• See medical references for applicable antidotes.

5. Fire-Fighting Measures 

5.1 Flash point: Not applicable.

5.2 Auto-ignition Temperature: >90°C (194°F). Pyrophoric product if water crystallization is <25%.

5.3 Flammability Limits: Not applicable.

5.4 Unusual Fire and Explosion Hazards: CAUTION - Product may ignite spontaneously if 
water crystallization is < 25 %. Product forms dangerous gas/vapors during decomposition 
(920°C - (1688°F)). Product forms flammable gas on contact with water or humid air.

5.5 Common Extinguishing Methods: Flood with powder or foam. Do not use carbon dioxide 
or water because it may promote generation of flammable, toxic hydrogen sulfide gas.

5.6 Fire Fighting Procedures:
• Wear full protective clothing including NIOSH/MSHA-approved self-contained breathing 

apparatus and chemically-resistant suits. 
• Water sprayed on fire may dissolve sodium hydrosulfide and become highly corrosive 

and toxic.
• Finely divided sodium hydrosulfide dust forms explosive/combustible mixtures in air.
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6. Accidental Release Measures 

6.1 Precautions:
• Evacuate non-essential personnel. 
• Eliminate all sources of ignition and do not generate flames or sparks.
• Wear suitable protective clothing including a self-contained breathing apparatus or 

a supplied-air respirator.

6.2 Cleanup methods:
• Collect the product with suitable means avoiding dust formation.
• Contain the spill and deposit in a closed, labeled, DOT-approved waste container.

6.3 Precautions for protection of the environment:
• Dispose of spilled material in an EPA-approved waste facility. 
• Empty containers can have residues, gases and mists that are hazardous.

7. Handling and Storage

7.1 Handling: Carry out all operations in closed piping circuits and equipment.

7.2 Storage:
• Store in a cool, dry, well-ventilated area.
• Store away from other chemicals including acids, oxidizers, zinc, aluminum or copper.
• Product will corrode containers not made of iron or steel. 
• Store away from all ignition sources and out of direct sunlight. 
• Keep product in closed, dustproof containers.

7.3 Specific Uses: See Section 1.2.

7.4 Packaging:
• Iron or steel drums.
• PE.

8. Exposure Controls/Personal Protection 

8.1 Exposure Limit Values:

Exposure Limit TLV® ACGIH®-USA
Values (2002)
Hydrogen sulfide TLV-10 ppm, 

STEL-15 ppm, and 
IDLH-100 ppm

Sulfur dioxide TLV-2 ppm, 
STEL-5 ppm

and IDLH-100 ppm

ACGIH® and TLV® are registered trademarks of the American Conference of Governmental Industrial Hygienists.
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8.2 Exposure Controls:

8.2.1 Ventilation: Material must be handled or transferred with adequate ventilation.

8.2.2 Respiratory protection:
• Use a NIOSH-approved dust/mist or positive-pressure respirator, depending on dust 

concentration and presence of hydrogen sulfide gas. 
• An air-supplied respirator is recommended for unknown concentrations of hydrogen 

sulfide gas.

8.2.3 Hand protection: Impervious protective chemical gloves (PVC, neoprene or rubber).

8.2.4 Eye protection:
• Chemical goggles unless a full face-piece respirator is also worn. 
• Contact lenses are not recommended when handling this product.

8.2.5 Skin protection: Wear boots, apron, long sleeves and other protective clothing suitable for 
use conditions to prevent contact with the skin.

8.3 Other precautions:
• Wear chemical protective clothing in dusty areas. 
• An eyewash and safety shower should be nearby and ready for use. 
• Use good hygiene practices when handling this product including changing work 

clothes after use. 
• Do not eat, drink or smoke in areas where this material is handled.

9. Physical and Chemical Properties

9.1 Appearance: Hygroscopic solid scales.
Color: Yellow.
Odor: Sulfurous.

9.2 Important Health, Safety and Environmental information:
pH: 11.9 @ 10 g/l @ 20°C (68°F).

Change of state:
Melting point: 35-55°C (95-131°F).
Boiling point: 115°C (239°F).
Decomposition Temperature: >90°C (194°F). Pyrophoric product if water crystallization 
is <25%.

Flash Point: Not applicable.

Oxidizing Properties: Product will corrode containers not made of iron or steel.

Vapor Pressure: Not applicable.

Relative Density:
Specific gravity: 1.5 @ 16°C (60.8°F).
(H2O=1).
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Solubility:
Water: 500-600 g/l @ 20°C (68°F) (slow hydrolysis).

Partition coefficient: Not listed.
P (n-octanol/water).

Viscosity: Not applicable.

Vapor Density (air=1): Not applicable.

Evaporation Rate (water=1): Not applicable.

9.3 Other Information: Bulk Density: 750 kg/m3 (46 lbs./ft.3).

10. Stability and Reactivity 

Stability:
• Although stable at room temperatures, sodium hydrosulfide is unstable and can explode 

with rapid heating or percussion. 
• This material is hygroscopic.

10.1 Conditions to avoid: 
• Avoid contact with heat, moisture and ignition sources. 
• Product corrodes containers not made of iron or steel.

10.2 Materials and substances to avoid: Avoid contact with water, acids, carbon dioxide, 
oxidizing materials and non-ferrous metals (aluminum-copper-zinc).

10.3 Hazardous decomposition products: Hydrogen sulfide gas (with acids) & sulfur 
dioxide gas (with oxidizers).

10.4 Hazardous Polymerization: Will not occur.

11. Toxicological Information 

11.1 Acute toxicity:

Inhalation(Hydrogen sulfide gas): Mouse LC50 = 1,500 mg/m3 (18-minute duration).

Oral: Rat LD50 = 96-208 mg/kg.

Irritation: Rabbit, corrosive (eyes & skin).

Comments:
• Direct contact with sodium sulfide irritates the skin and other tissue. 
• Eye contact may cause painful conjunctivitis, colored halo effects on vision, and 

eyelid spasm.

11.2 Chronic toxicity: In vitro, mutagenic effect.

11.3 Carcinogenic Designation: None.
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12. Ecological Information

12.1 Acute ecotoxicity:
• Fishes, Semolitus atromaculatus, LC50, 24 h, from 4 - 10 mg/l.
• Fishes, Gambusia affinis, LOEC, 96 h, 206 mg/l.

12.2 Chronic ecotoxicity: Fishes, Salmon, LOEC, mortality, 2.5 mg/l.

12.3 Mobility:
• Air: Mobility as solid aerosols.
• Water/soil: Considerable solubility and mobility.

12.4 Degradation:

Abiotic:
• Air: Indirect photo-oxidation, degradation from 0.62%, 1 hour. Conditions: sensitizer: 

OH/O3 radicals. Degradation products: sulfur dioxide/sulfates/sulfites 
(hydrogen sulfide gas).

• Water/soil: Complexation/precipitation of inorganic and organic materials.
• Water/soil-oxidation: Degradation products: sulfates.

Biotic:
• Not Applicable (inorganic compound).
• Anaerobic-test biodegradation by sulforeduction. Degradation products: hydrogen 

sulfide (Sulfates).
• Anaerobic-test methanogenesis: inhibitory action (Sulfates).

12.5 Potential for bioaccumulation: Bio-concentration: log Po/w. Not Applicable 
(inorganic compound).

12.6 Other adverse effects /Comments: Very toxic for aquatic organisms. Product fate highly 
dependent on environmental conditions: pH, temperature, oxidoreductive potential, and 
mineral and organic content of the medium.

13. Disposal Considerations

13.1 Waste treatment:
• Sodium hydrosulfide is considered hazardous to the environment. 
• Spilled product should be disposed of in an EPA-approved disposal facility in 

accordance with applicable national, state and local environmental laws and regulations.

13.2 Packaging treatment:
• To avoid treatment, use dedicated containers where possible. 
• Rinse the empty containers and treat the effluent in the same way as waste.

13.3 RCRA Hazardous Waste: Listed as a hazardous waste (D003 per 40 CFR 261.22).



MSDS No. Sodhydrosulfide -1003 Revised 10-31-03
Copyright 2003, Solvay Chemicals, Inc.
All Rights Reserved.
www.solvaychemicals.us  1.800.765.8292

So
di

um
 H

yd
ro

su
lfi

de
Sodium Hydrosulfide
Material Safety Data Sheet

Page 8/9

14. Transport Information

Mode DOT IMDG IATA
UN Number 2949 2949 2949
Class (Subsidiary) 8 8 8
Proper Shipping Name Sodium hydrosulfide Sodium hydrosulfide Sodium hydrosulfide
Hazard label (Subsidiary) Corrosive Corrosive Corrosive
Marine Pollutant No No No
Placard (Subsidiary) 2949 2949 2949
Packing Group II II II
Reportable Quantity 5,000 5,000 5,000
Emergency Info ERG # 154: EmS: 8-05 ERG Code: 8L
STCC # 4935669

15. Regulatory Information

National Regulations (US)

TSCA Inventory 8(b): Yes.

SARA Title III Sec. 302/303 Extremely Hazardous Substances (40 CFR 355): No.

SARA Title III Sec. 311/312 (40 CFR 370):
Hazard Category: Acute health hazard.  Reactive hazard.
Threshold planning quantity: 10,000 lbs.

SARA Title III Sec. 313 Toxic Chemical Emissions Reporting (40 CFR 372): No.

CERCLA Hazardous Substance (40 CFR Part 302)
Listed: Yes.
Reportable Quantity: 5,000 lbs.

State Component Listing:
State Comment
CA Hazardous substance list
CT Hazardous materials summary
IL Toxic substance disclosure 
IL Chemical safety act
LA Spill reporting
MA Right to Know & Oil and hazardous material list
NJ Right to Know
NJ Spill Tax List
NY Release Reporting List of Hazardous Substance
PA Right to Know
RI Right to Know
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National Regulations (Canada)

Canadian NDSL/DSL Registration: DSL.

WHMIS Classification: E Corrosive.
D1A-Very toxic materials.

This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations, and the
MSDS contains all the information required by the Controlled Products Regulations.

Sodium Sulfite Labeling according to Directive 1999/45/EC.
Symbols T Toxic.
Phrases R 25 Toxic if swallowed.

31 Contact with acids liberates toxic gas.
36/38 Irritating to eyes and skin.

Phrases S 20 When using, do not eat or drink.
24/25 Avoid contact with skin and eyes.

45 In case of accident or if you feel unwell, seek medical advice 
immediately (show the label where possible).

50.1 Do not mix with acids.

16. Other Information

16.1 Ratings:
NFPA (NATIONAL FIRE PROTECTION ASSOCIATION)
Health = 2 Flammability = 1 Instability = 2 Special = None

HMIS (HAZARDOUS MATERIAL INFORMATION SYSTEM)
Health = 2 Fire = 1 Reactivity = 2 PPE = Supplied by User; dependent on local conditions

16.2 Other Information:
The previous information is based upon our current knowledge and experience of our product and
is not exhaustive. It applies to the product as defined by the specifications.  In case of
combinations or mixtures, one must confirm that no new hazards are likely to exist. In any case,
the user is not exempt from observing all legal, administrative and regulatory procedures relating
to the product, personal hygiene, and integrity of the work environment. (Unless noted to the
contrary, the technical information applies only to pure product).

To our actual knowledge, the information contained herein is accurate as of the date of this
document. However, neither Solvay Chemicals, Inc. nor any of its affiliates makes any
warranty, express or implied, or accepts any liability in connection with this information or its
use. This information is for use by technically skilled persons at their own discretion and risk
and does not relate to the use of this product in combination with any other substance or any
other process. This is not a license under any patent or other proprietary right. The user alone
must finally determine suitability of any information or material for any contemplated use, the
manner of use and whether any patents are infringed. This information gives typical properties
only and is not to be used for specification purposes.

Trademarks and/or other Solvay Chemicals, Inc. products referenced herein are either
trademarks or registered trademarks of Solvay Chemicals, Inc. or its affiliates, unless
otherwise indicated.

16.3 Reason for revision:
Supersedes edition: Solvay Minerals, Inc. MSDS # 47 dated 06/26/03
Purpose of revision: Change Company name and MSDS format
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Product Name
Product Code
Company Name HMIS Codes*
Company Address Health 1
Company Website Flammability 0
Emergency Phone (24 Hrs) Reactivity 0
Information Phone Protection B
Sheet Revised

CAS # % BY WT OSHA PEL ACGIH TWA SARA TITLE III RPT QTY

Inhalation
Eyes
Skin
Ingestion

Carcinogenicity NTP? No No OSHA REGULATED? No

Inhalation
Eyes

Skin

Ingestion

Flash Point >212 Degrees F LOWER N/A
Method Used UPPER N/A
Extinguishing Media Use water spray, dry chemicals, foam, or carbon dioxide. Use water spray to keep fire exposed containers cool. If a spill has ignited, use water spray to disperse

the vapors. Water spray may be used to flush spills away from a fire and to dilute spills to non-flammable mixtures. Do not flush into a storm drain or public sewer.
Special Firefighting
Procedures
Unusual Fire and There are no known unusual fire and explosion hazards associated with this material in its virgin form. However, in a fire-fighting scenario involving multiple chemicals,
Explosion Hazards

Land Release

Water Release

Air Release

Storage

Other Precautions Eyewash and safety showers are recommended in the immediate work area. Check with you state OSHA to determine the need and maximum distance for

Respiratory Protection

Ventilation

Protective Gloves
Eye Protection
Other Protective Equipment

Hygienic Practices

Appearance and Odor pH
Boiling Point Specific Gravity
Vapor Density Evaporation Rate
Solubility in Water Percent Volatiles

If air contaminants exceed a TLV, PEL, or STEL, use a NIOSH-MSHA approved full-face , air purifying respirator with appropriate cartridge or SCBA. Respirators and

fire fighters should be aware of possible synergistic effects and attack the fire accordingly.

Tag Closed Cup

Remove contaminated clothing and footwear. Wash thoroughly with water, and do not reuse clothing until properly cleaned.

Immediately flush eyes with plenty of cool, clean water for at least 15 minutes. Keep eyelids apart to maintain maximum contact with water.

N/D
N/D

This material is safe to store in well ventilated areas at ambient temperatures. Keep containers closed when not in use to prevent
evaporative losses and possible contamination. Protect product from freezing.

stations to be placed in regards to possible chemical exposure.

SECTION 8 - CONTROL MEASURES

cartridges should be selected based upon the form and concentration of the contaminants in accordance with applicable regulations.

SECTION 5 - FIRE AND EXPLOSION HAZARD DATA
Flammable Limits

Discard footwear. If a rash should develop, get medical attention.

There is no direct data available pertaining to the hazards associated with ingestion of this product. As with most chemicals, ingestion may cause

If victim is conscious and able to swallow, quickly have them drink water or milk to dilute. Do not give anything by mouth if victim is unconscious or having
convulsions. Induce vomiting only if advised by a physician or poison control center. Contact a physician or Poison Control Center immediately.

SECTION 4 - FIRST AID MEASURES

Do not allow the individual to rub their eyes. Get immediate medical attention.

IARC MONOGRAPHS?

Immediately remove individual to fresh air. If individual has stopped breathing, give artificial respiration. Get immediate medical attention.

Inhalation may cause inflammation of mucous membranes and irritation.

gastrointestinal irritation accompanied by nausea, vomiting, and diarrhea.

Causes pain, reddening, and swelling of the conjunctiva.
May cause irritation similar to a rash with localized edema, reddening, and raised lesions.

MATERIAL SAFETY DATA SHEET

Polymer Ventures, Inc.

DAF-30
PVDAF30

SECTION 1 - PRODUCT AND COMPANY IDENTIFICATION

1612 Harbor View Road, Charleston, SC 29412

None
COMPONENTS

SECTION 3 - HAZARDS IDENTIFICATION

SECTION 2 - HAZARDOUS INGREDIENTS / SARA TITLE III INFORMATION

1/1/2006

www.polymerventures.com
800-424-9300
843-853-8817

SECTION 7 - HANDLING AND STORAGE

with water after cleanup is complete and containerize all rinse water.
This material is soluble/dispersible in water. Stop source of spill if safe to do so. Divert all flow and contain. Remove and containerize or neutralize in place,
then remove for proper disposal.
Vapors may be suppressed by the use of a water fog. Contain all run-off water for proper disposal.

Do not direct a solid stream of water or foam into hot, burning pools; this may cause frothing and increase fire intensity. Use self-contained breathing apparatus
(SCBA) and proper personal protection clothing.

SECTION 6 - ACCIDENTAL RELEASE MEASURES
This material may cause groundwater contamination. Contain as much material as possible. Begin a containerization process as soon as practical. Rinse spill area

Normal ventilation has been found to be generally adequate. The end-user must determine if the process or methods involved with the use of this material
requires any additional or special ventilation.

Safety glasses with side shields are recommended.
Not generally required under normal working conditions. The end user must determine if the process or methods involved require other

Rubber, butyl, neoprene, or plastic gloves should be worn when using this material to avoid skin contact.

SECTION 9 - PHYSICAL/CHEMICAL CHARACTERISTICS

N/D
White granular powder

N/D

4.0 - 9.0 typical

N/D

personal protection clothing or equipment.
Do not eat, drink, or smoke in areas where chemicals are being stored or handled. Wash thoroughly before handling food or drink.

Completely soluble
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Stability
Conditions to Avoid
Materials to Avoid
Hazardous Byproducts
Hazardous Polymerization

Toxicity Test Results

Environmental Impact

Waste disposal methods

ABBREVIATION ABBREVIATION
N/A TLV
N/E PEL
N/D STEL
UNK <
EHS >

OSHA PNOR
ACGIH PNOC

*Please Note:

This information relates to the specific material designated and may not be valid for such material used in combination with any other materials or in any process. Such information is,
to the best of our knowledge and belief, accurate and reliable as of the date compiled. However, no representation, warranty, or guarantee is made as to its accuracy, reliability, or completeness.
It is the user's responsibility to satisfy himself as to the suitability and completeness of such information for his own particular use. We do not accept liability for any loss or damage that may
occur from the use of this information nor do we offer warranty against patent infringement.

Clean Air Act, Section 111, Volatile Organic Compounds (VOC) None

SECTION 11 - TOXICOLOGICAL INFORMATION

Dispose of material in an approved chemical waste landfill or incinerate in accordance with applicable federal, state, and local regulations.

Strong oxidizing agents

Reportable Quantity if Applicable

SECTION 12 - ECOLOGICAL INFORMATION

Stable
None known or noted

SECTION 10 - REACTIVITY DATA

Oxides of carbon and nitrogen
Will not occur

MATERIAL SAFETY DATA SHEET

No
Not regulated

SECTION 13 - DISPOSAL CONSIDERATIONS

No information is available.

No information is available.

Particulates Not Otherwise Regulated

No reportable materials

CERCLA (Comprehensive Environmental Response, Compensation, and Liability Act)

SARA TITLE III (Superfund Amendments and Reauthorization Act) Sections 311 and 312
SARA TITLE III (Superfund Amendments and Reauthorization Act) Sections 313

SECTION 15 -REGULATORY INFORMATION
REGULATION REPORTABLE COMPONENTS

None
None

Not Determined
Unknown

Environmental, Health, and Safety Department Greater Than

END MSDS

Threshold Limit Value
Personal Exposure Limit

Short Term Exposure Limit
Less Than

Occupational Safety and Health Administration

Not Established

SECTION 17 - DISCLAIMER

Particulates Not Otherwise Classified

The Hazardous Material Information System (HMIS) is a voluntary, subjective alpha-numeric symbolic system for recommending hazard risk and personal protection
equipment information. It is a subjective rating system based on the evaluator's understanding of the chemical associated risks. The end-user must
determine if the code is appropriate for their use.

The regulatory listings provided herein are not all inclusive of possible regulations affecting this material. It is the end-user's responsibility to determine all
local, state, federal, or international regulations/restrictions that may apply.

American Conference of Governmental Industrial Hygienists

Not Applicable
DEFINITION

Refer to Section 2 of the MSDS.

SECTION 16 -ADDITIONAL INFORMATION

Clean Air Act, Section 112, Hazardous Air Pollutants
Clean Water Act, Section 307, Priority Pollutants List

None
None

DEFINITION

SARA TITLE III (Superfund Amendments and Reauthorization Act) Sections 302 and 304
None

Since empty containers retain material residues, all labeled hazard precautions must be observed.

SECTION 14 - TRANSPORTATION INFORMATION
This material is regulated by the DOT?
DOT Description from Hazardous Materials Table 49 CFR 172.101
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I.  Product and Company Information                                                               Reviewed on 08/07/09 
 Manufacturer: Western Lime Corporation Information: 800-433-0036  
   206 N. 6th Avenue    
   West Bend, WI  53095        
Chemical Name 

Calcium Magnesium 
Hydroxide 

Chemical Family 
Alkaline earth hydroxide 

Chemical Formula 
Ca(OH)2 + Mg(OH)2 

Molecular weight 
Ca(OH)2= 74.10 
Mg(OH)2 = 58.34 

Trade Names/Synonyms 
Dolomitic Hydrated Lime, Limate 

Material Use 
Whitewash, pH adjustment, 

soil/water treatment 
  
II.  Composition and Information on Ingredients 

Component CAS# Exposure Limits % by weight 

Calcium Hydroxide 1305-62-0 OSHA PEL: 5mg/m3 
ACGIH TLV:  5 mg/m3 >58% 

Magnesium Hydroxide 1309-42-8 OSHA PEL:  n/a 
ACGIH TLV:  n/a >38% 

Dolomite 16389-88-1 OSHA PEL:  15 mg/m3 
ACGIH TLV:  10 mg/m3 <1.0% 

Magnesium Oxide 1309-48-4 OSHA PEL:  10 mg/m3 
ACGIH TLV:  10 mg/m3 <1.0% 

Crystalline Silica 14808-60-7 
OSHA PEL:  10 mg/m3 

(% SiO2 resp +2) 
ACGIH TLV:  0.025 mg/m3 

N/A 

 
III.  Hazards Identification 
Emergency Overview: Hydrated Lime is an odorless white or greyish-white granular powder.  Contact 
can cause irritation to eyes, skin, respiratory system, and gastrointestinal tract.   
Eyes: Contact can cause severe irritation or burning of eyes, including permanent damage. 

Skin: Contact can cause severe irritation or burning of skin, especially in the presence of 
moisture. 

Ingestion: This product can cause severe irritation or burning of gastro-intestinal tract if swallowed 

Inhalation: 

This product can cause severe irritation of the respiratory system.  Long-term exposure 
may cause permanent damage.  Hydrated Lime is not listed by MSHA, OSHA, or IARC 
as a carcinogen, but this product may contain crystalline silica, which has been classified 
by IARC as (Group I) carcinogenic to humans when inhaled in the form of quartz or 
crystobalite.  Inhalation of silica can cause a chronic lung disorder, silicosis. 

Medical Conditions Aggravated by Exposure:  Contact may aggravate disorders of eyes, skin, 
gastrointestinal tract, and respiratory system. 
Potential Environmental Effects: This material is alkaline and if released into water or soil will cause and 
increase in its pH. 
 
IV.  First Aid Measures 

Eyes: Immediately flush eyes with large amounts of water for at least 15 minutes.  Pull back the 
eyelid to make sure all the lime dust has been washed out. 

Skin: Flush exposed area with large amounts of water.  Seek medical attention immediately. 

Inhalation: Remove to fresh air.  Seek medical attention if necessary.  If breathing has stopped, give 
artificial respiration. 
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Ingestion: 
Give large quantities of water or fruit juice.   Do not induct vomiting. Seek medical 
attention immediately.  Never give anything by mouth if victim is rapidly losing 
consciousness or is unconscious or convulsing.  

Note to Physicians:  Provide general supportive measures and treat symptomatically. 
 
 
 
 
V.  Fire Fighting Measures 

Fire Hazards: Hydrated Lime is not combustible or flammable.  Hydrated Lime is 
not an explosion hazard. 

Hazardous Combustion 
Products: None Identified. 

Extinguishing Media: Use dry chemical fire extinguisher or water 

Fire Fighting Instructions: 
Keep personnel removed from and upwind of fire.  Wear full fire-
fighting turn-out gear(full Bunker gear), and respiratory protection 
(SCBA) 

 
VI.  Accidental Release Measures 

Spill/Leak Procedures: Use proper protective equipment.  Hydrated Lime is a fine powder 
which can easily be entrained into the air. 

Small Spills: Wash area with water.  Neutralize with dilute vinegar solution. 

Large Spills: 
Use dry methods to collect spilled materials.  Evacuate area down 
wind of clean-up operations to avoid dust exposure.  Store spilled 
materials in dry, sealed plastic or metal containers. 

Containment: For large spills, as much as possible avoid the generation of dusts.  
Do not release into sewers or waterways. 

Cleanup: 
Residual amounts can be flushed with large amounts of water.  
Equipment can be decontaminated by washing with either a mild 
vinegar and water solution, or detergent and water solution.  

 
VII.  Handling and Storage 

Handling: Keep in tightly closed containers.  Protect from physical damage.  Avoid direct 
contact with material. 

Storage: Store in a cool, dry and well ventilated location.  Do not store near incompatible 
materials.  Keep away from moisture.  Do not store or ship in aluminum containers. 

 
VIII.  Exposure controls/Personal Protection Equipment 

Personal Protective 
Equipment (PPE) 

Wear clean, dry gloves, full length pants over boots, long sleeved 
shirt buttoned at the neck, head protection and approved eye 
protection selected for the working conditions. 

Gloves Gauntlets cuff style 
Respiratory NIOSH approved filtering anti-dust mask 
Eyes Tight fitting goggles/glasses with side shield 
Footwear Resistant to caustics 
Clothing Fully covering skin 
 
 
IX.  Physical and chemical properties 
Physical State: 
Solid 

Appearance: 
White powder substance 

Odor: 
No Odor 

Specific Gravity: 
2.4  2.46g/cc 

Boiling Point: Vapor Pressure: pH (25o C): Density (kg/m3): 
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5162 F, 2850 C N/A Sat Soln CaO: 12.45 450 - 750 
Melting Point: 
4658 F, 2570 C 

Vapor Density: 
N/A 

Solubility in Water: 
0.125/100 g Sat.soln 

Freezing Point: 
2580 C 

 
X.  Stability and Reactivity 

Stability: Chemically stable, but reacts slowly with carbon dioxide to form calcium 
carbonate. 

Incompatibility/ 
Conditions to 
avoid: 

Hydrated Lime should not be mixed or stored with the following materials, due 
to the potential for violent reaction and release of heat. 
Acids, Reactive Fluorinated Compounds, Reactive Brominated Compounds, 
Reactive Powdered Metals, Organic Acid Anhydrides, Nitro-Organic 
Compounds, Reactive Phosphorous Compounds. 

Hazardous 
Decomposition 
Products: 

Dolomitic hydrated lime will decompose at 540 C to produce calcium oxide, 
magnesium oxide, and water 

Hazardous 
Polymerization: None 

 
XI.  Toxicological Information 
No LD50/LC50 have been identified for this products components.  Hydrated Lime is not listed by 
MSHA, OSHA, or IARC as a carcinogen, but this product may contain crystalline silica, which has 
been classified by IARC as (Group I) carcinogenic to humans when inhaled in the form of quartz 
or crystobalite. 
 
XII.  Ecological Information 

Ecotoxicity: 
Because of the high pH of this product, it would be expected to produce 
significant ecotoxicity upon exposure to aquatic organisms and aquatic 
systems. 

Environmental Fate: This material shows no bioaccumulation or food chain toxicity potential. 
 
XIII.  Disposal Considerations: 
Dispose of in accordance with all applicable federal, state, and local environmental regulations.  If 
this product as supplied becomes a waste, it does not meet the criteria of a hazardous waste as 
defined under the Resource Conservation Act 
 
XIV.  Transportation Information 
Hydrated Lime is not classified as a hazardous material by DOT when transported.  
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XV.  Regulatory Information 

EPA Regulations 
RCRA Hazardous Waste Number (40 CFR 261.33) Not Listed 
RCRA Hazardous Waste Classification (40 CFR 261) Not Listed 
CERCLA Hazardous Substance (40 CFR 261) Not Listed 
CERLA Reportable Quantity (RQ) Not Listed 
SARA 311/312 codes Not Listed 
Sara Toxic Chemical (40 CFR 372.65) Not Listed 
SARA EHS (Extremely Hazardous Substance) (40 CFR 355) Not Listed 
Threshold Planning Quantity (TPQ) Not Listed 

All components are listed on the USEPA TSCA Inventory List 
OSHA/MSHA Regulations 

Air Contaminant (29 CFR 1910.1000, Table Z-1) Not Listed 
MSHA Not Listed 
OSHA Specifically Regulated Substance (29CFR 1910) Not Listed 
State Regulations: Consult state and local authorities for guidance 

Canadian Environmental Protection Act (CEPA)  
Domestic Substances List Listed 
 
XVI.  Other Information 

HMIS 

Health Risks 
Flammability 
Reactivity 
Personal Protection 

1 
0 
0 
E 

NFPA Health Hazard 
Fire Hazard  
Reactivity 

1 
0 
0 

WHIMS 
Classification  

WHIMS 
Classification  

 
Western Lime Corporation presents this information in good faith but makes no representation as 
to its comprehensiveness or accuracy.  This document is intended only as a guide to the 
appropriate precautionary handling.  Individuals receiving this material must consult their own 
legal or technical advisors and/or exercise their own judgment in determining this materials 
appropriateness for a particular application.  Western Lime Corporation makes no representations 
or warranties, either expressed or implied, and will not assume responsibility or liability for any 
claims losses or damages resulting from the use or reliance upon or failure to use this 
information. 























































































PNEUMATIC CONVEYING SYSTEMS

EXPERIENCE INNOVATIVE  TECHNOLOGY SERVICE QUALITY

2922 North Division Avenue · PO Box 366 · York, NE 68467 · 402-362-2000 · 800-445-0730 · Fax 402-362-2001 · sales@cyclonaire.com · www.cyclonaire.com

APPLICATIONS

· Clean and safe unloading of bagged  materials

MATERIALS / CHARACTERISTICS

· Powdered, granular or pelletized bagged materials

CAPACITY

· 6.3 ft3 of standard hopper design

BENEFITS AND FEATURES

· Compact, self contained unit consisting of fan, filter
elements, start/stop controls and holding hopper

· Dusting from bag dumping is contained, drawn through
filtration and recycled to reduce waste and fugitive dust

· Integrates easily into conveying systems

· Pulse jet filter cleaning to maintain media effectiveness

· Front access to filter elements for easy changing

· Standard

- Carbon steel - 10 gauge

- Hinged cover

- 18"x40" work platform with safety grid

- Integral dust suppression/collection,
- TEFC exhaust fan

- Solid state timer board with NEMA 4 control box

· Specify

- 304 or 316 Stainless Steel

- NEMA 4x, 7/9 hopper aeration kit

- bag breaker

- bag compactor

REQUIREMENTS

· 90-110 PSIG @ 3-5 SCFM air for reverse pulse filter
cleaning

· 110 VAC, 50-60 Hz

OVERVIEW

Cyclonaire’s Bag Dump Station offers safe and
simple handling of bagged materials in a dust
free environment.

Operator friendly design includes bi-fold hinged
door, heavy duty bag support grate and easy
bag piercing.

Self-contained fan and self-cleaning pulse jet
style filter elements trap fugitive dusting for
recycling.

The unit has a large work platform, easy
controls and a working hopper that integrates
easily into your material handling system.

Quality, custom built at competitive prices.

BAG DUMP STATION



2922 North Division Avenue · PO Box 366 · York, NE 68467 · 402-362-2000 · 800-445-0730 · Fax 402-362-2001 · sales@cyclonaire.com · www.cyclonaire.com

BAG DUMP STATION

90"
72"

40"

44"

36"

93/8"

14½"

30"

34"

15"

60O

Bag Dump Station

Semi-Dense Conveyor
Vacuum Load

Blower Unit

Hopper
#1

BAG DUMP STATION SYSTEM

NOTE: Dimensional data for reference only. Subject to change without notice.
All weights are in pounds, all dimensional units are in inches, unless noted.
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Sheber, Tom

From: Scott Berner <sberner@cyclonaire.com>
Sent: Friday, September 02, 2011 1:31 PM
To: Sheber, Tom
Subject: FW: filtration information
Attachments: BHA Efficiency Statement.pdf; BHA-TEX SPEC SHEET.pdf

Tom,

Thanks for the phone call, here is all of the information that I have, hopefully this will answer all of your questions, if 
not please feel free to give me a call and I will be more than happy to answer them.  Have a great weekend. 

1. Bin Vent Efficiency = 99.9916%
2. Inlet Material Loading = 30 grains/ACF
3. Outlet Loading = .0025 grains/ ACF

_________________________________________________________
Scott Berner / Cyclonaire Corporation / Regional Sales Manager
Phone: 402-362-2000 ext 51 / Cell Phone: 402-710-3049 / Fax: 402-362-2001
sberner@cyclonaire.com  /  www.cyclonaire.com



�������	
�		����
�	��������	�������
�������	
��

�
����������������

������
����

��������	
���
�
�

���������	�

���������
����
�����

�
��� !���	"����
�#$!�$#%%

&���"
��"����&'���(#
%)%*+�"�
��
�,���� !�-. /#
01)%2�"�"���3�������� !�24+&4�4

��
����"���) 50�6��
��"7
%)%*8/)#
9!%/1:�"'�"�;�'���" !��")<���)%)#
()##=�'�"������"�
!���)��'�"����-�����" !�2 #

>���'������"�
!���) %%)##%!###
%##2>���'�>��"�!�2(#
%%�?�$89<0������'>���'�����
�	"���#)#(%%

��8%$4+���'/90
9!0*#������+/)#

��
���������
��
��������������
��������
��������� �
��

;�'���!�4&�+
�"�"����
����
�!���)�@

�����" !�'�)<�")A
:	�
�"��
�B��	�
�"�
�!�C�
��"��4'"�"���!����"�4��

�	�������D
���" 
=�'�"��
����
�!�E���)�@


�"�
"8F	�B��	�
�"�
�!�C�
&�'���"�
"��-�

�����-�

&�������"��������'��"�
�8�&�	 
�
�"�G�$##0�� �&�������"����������;��"�'�"�
�&�)��4''���
�"������
���
&��>���;�
������ /)9)$%0()$(%/# /)9)*��"������;�
�����



 Search SEARCH PRODUCTS & SERVICES ONLINE TOOLS OUR COMMITMENT ABOUT US CONTACT US

Home

Products & Services

Products

Environmental Products

Emission Monitoring 
Systems

Emission Control 
Technology

Particulate Matter 
Control Systems  

Services

Lifecycle Services

In a controlled Variable Environmental Simulation Analysis (VESA) test, the spunbond media was tested 
against traditional 16 oz/yd2 (542 g/m2) polyester felt media and 16 oz/yd2 polyester media laminated with 
BHA-TEX® expanded PTFE membrane. 

Criteria: 
Air-to-cloth ratio: 5:1 ft/min (1.5 m/min)  
Mean particle size: 0.5 micron  
Inlet dust loading: 30 grains/ACF (69 g/m2)
Pulse cleaning: 80 PSI (5.5. bar)  
Frequency and duration: 15-minute intervals for 50 hours  

Page 1 of 2GE Infrastructure - Tested Performance

10/27/06http://www.gepower.com/prod_serv/products/particulate_matter/en/ffp/bha_pulse_pleat/test_per.htm
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Page 2 of 2GE Infrastructure - Tested Performance

10/27/06http://www.gepower.com/prod_serv/products/particulate_matter/en/ffp/bha_pulse_pleat/test_per.htm
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